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Gemideki Buhar Sikisirmali Sogutma Unitesinde Deniz Suyu Sicakliginin
Sogutma Performansina Etkisinin Eksergoekonomi Metoduyla Analizi
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Makale Tarihgesi Oz — Bu galismada, deniz suyunun kondensere giris sicakhig1 arastirma parametresi olarak alinan buhar sikistirmali
Génderim:  10.02.2023 bir gemi sogutma sisteminin performansi eksergoekonomik analiz yontemiyle belirlenerek sogutma sistem siiregleri-

nin ekserji maliyetleri hesaplanmustir. Deniz suyunun kondensere giris sicakliklari 20.5 °C, 24.5 °C ve 29.5 °C olarak
Kabul: 10.07.2023 Ol¢iilmiis ve sogutucu akigkan olarak R22 kullanilmistir. Buhar sikigtirmali sogutma sisteminin her bir elemaninda
Yaym: 20.12.2023 olusan ekserji tahribatlarinin maliyeti eksergoekonomik analiz metodu ile hesaplanmistir. Eksergoekonomik analiz

sonuglari, kondenserdeki R22 sogutucu akiskanin yogusma siirecinde ekserji tahribati maliyetinin en yiiksek seviyede
oldugunu gostermistir. Caligmanin yapildigi gemiye ait sogutma sisteminde bulunan kondenserin ekonomiklik krite-
rinin kondensere giren deniz suyu sicaklig arttikga iyilestigi gézlemlenmistir. Parasal giderler agisindan sistem bile-
senleri degerlendirildiginde, en yiiksek maliyetli bilesenin kompresor oldugu bulunmustur. Ekserji tahribati maliyet-
leri agisindan sistem bilesenleri degerlendirildiginde, kondenser, kompresor, LT evaporatorii ve MT evaporatoriinde
sirastyla 0.2552 ($/saat), 0.2519 ($/saat), 0.0527 ($/saat), 0.0288 ($/saat) olarak hesaplanmustir. Bu sonuca gore, sis-
tem performansinin iyilestirilmesi i¢in, kondenser isletim performansinin iyilestirilmesi veya kondenserin yenilenmesi
gerektigi bulunmustur. Bilesenler arasinda kondenser 0.2552 $/saat degeri nedeniyle en yiiksek ekserji tahribat mali-
yetine sahip oldugu hesaplanmustir.
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Article History Abstract —In this study, the exergy costs of the cooling system processes were calculated by determining the perfor-
10.02.2023 mance of a vapour compression cooling system, whose seawater inlet temperature to the condenser was taken as the
research parameter, using exergoeconomic analysis method. Seawater temperatures were measured as 20.5 °C, 24.5
Accepted:  10.07.2023 °C and 29.5 °C and R22 was used as the refrigerant in the cooling system. The cost of exergy destruction in each
Published:  20.12.2023 element of the vapor compression refrigeration system was calculated by the exergoeconomic analysis method. The
exergoeconomic analysis results showed that the exergy destruction cost of the R22 refrigerant in the condenser is at
Research Article the highest level in the condensation process. It has been observed that the economic criteria of the condenser in the
cooling system of the ship where the study was carried out improves as the sea water temperature entering the con-
denser increases. When system components are evaluated in terms of monetary costs, it has been found that the com-
pressor is the costliest component. When the system components were evaluated in terms of exergy destruction costs,
it was calculated respectively as 0.2552 ($/hour), 0.2519 ($/hour), 0.0527 ($/hour), 0.0288 ($/hour) for the condenser,
compressor, LT evaporator and MT evaporator. According to this result, it was found that the condenser operating
performance should be improved, or the condenser should be renewed in order to improve the system performance. It
was calculated that among the components, the condenser had the highest exergy destruction cost due to its value of

0.2552 $/hour per.

Received:

Keywords — Vapour compression refrigeration, exergoeconomic analysis, energy, exergy, vessel
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1. Giris

Gemilerde kullanilan sogutma sistemleri personelin konfor sartlarini saglamasinin yaninda, gemilerdeki
yiyeceklerin ve tasinan kargo tiiriine gore kargonun belirli sartlarda sogutulup uzun siirelerde saglikli bir
sekilde muhafaza edilmesi ve depolanmasi amacini1 tasimaktadir. Kargo gemileri seferlerinin sonuna kadar
kargolarinin kalitesini muhafaza ederek tasimalari birincil gorevleri arasinda yer almaktadir. Buhar sikistirmali
sogutma sistemleri, yliksek verimliligi ve performans katsayisi nedeniyle gemilerde yaygin olarak
kullanilmaktadir.

Gemi enerji verimliligini arttirmak i¢in farkli uygulamalar ele alinmaktadir. Bu uygulamalar ile yaklagik %25’
ten %75 e kadar gemide kullanilacak yakittan tasarruf edilebilmektedir (IMO, 2009). Giiniimiizde gemilerde
enerji verimliligini artirmak i¢in gemi igletim sistemlerinde bulunan iinitelerin enerji verimliliginin ve sistem
verimliliginin enerji tasarrufuna etkilerinin arastirilmasi enerji politikalar1 agisindan en 6nemli konular
arasinda yer almaktadir. Bu baglamda, geminin sogutma sisteminde kullanilacak enerjinin optimizasyonu gemi
enerji verimliliginin artmasin saglayacaktir.

Enerjinin optimizasyonunda, sistemin sogutma tesir katsayisin1 olumsuz etkileyen bilesenlerdeki ekserji
tahribatlarinin belirlenmesi ve maliyeti agisindan degerlendirilmesi dnem kazanmaktadir. Termodinamigin
birinci kanunu (enerji analizi) yontemiyle gemide kullanilan sogutma sistemine ait her bir eleman igin enerji
doniisiimiine ait enerji gesitleri belirlenmektedir. Termodinamigin ikinci kanunu (ekserji analizi) yontemiyle
de sogutma sistemindeki her bir elemanda meydana gelen tersinmezliklerin biiyikligi (ekserji tahribati) ve
kaynag tespit edilerek sogutmaya harcanan enerjinin kullanilabilir kismi belirlenmektedir. Termodinamigin
ikinci kanununa dayali sistemin enerji verimliligi analizleri ekserji tanimindan yararlanilarak
tanimlanabilmektedir. Sistemdeki ekserji tahribatinin parasal degerlendirilmesi eksergoekonomi metodu ile
yapilabilmektedir. Eksergoekonomi metodunda sistemi olusturan her bir bilesenin entropi iiretim terimi ve
buna bagli olarak ekserji tahribati hesabinin yaninda sistemde tiiketilen yakitin ekonomik maliyetiyle beraber
sistemin kurulum ve igletim maliyetleri géz Oniine alinarak bilesenler ve sistem i¢in gereken para miktari
parasal maliyet olarak tanimlanmaktadir. (Valero vd., 2006), (Tsatsaronis, 1993), ekserji analizini,
eksergoekonominin tarihgesini ve eksergoekonomik optimizasyon tekniklerinin uygulamalarii 6zetlemis ve
ayrica bu yontemleri bir enerji prosesine uygulayarak, eksergoekonomik analiz ile tesisinin optimum
tasarimini ve performansini belirlemistir. (Lozana & Valero, 1993), eksergoekonomi alaninda temel bir
yaklagim olan ekserjetik maliyet teorisinin teorik temelini ve cesitli uygulamalarini sunmuslardir.
Termodinamigin ikinci kanunu ile ele aldiklarini ¢evrime uygulayarak tersinmezlikleri iireten bilesenleri ve
cksergoekonomi ile ekserji tahribatt maliyetlerini belirlemislerdir. Maliyet olusturma siirecinin
tanimlanmasina ve enerji sistemlerinde verimliligin degerlendirilmesine dayali temeller ve kriterler
olusturmuslardir. Uyguladiklar1 yontemin, enerji sistemlerinin analizinde giiglii bir ara¢ oldugunu
belirtmiglerdir. Bu yontem ile enerji tasarrufu elde edebilmek icin alternatiflerin degerlendirilmesi, maliyet
tahsisi, operasyon optimizasyonu, alt sistemlerin yerel optimizasyonu, enerji denetimleri ve yakit ile ilgili
arizalarin degerlendirilmesindeki konulari igeren uygulamalari sunmuslardir. Eksergoekonomik analiz iizerine
yapilan bir diger ¢alisma (Kotas, 1995), tarafindan ele alinarak, ekserji kavraminin bagintilarinin temelleri,
termal proseslerin analizleri, farkl: sistemlerin ekserji analizleri lizerinde ayrintili bilgiler sunmustur. Ayrica
eksergoekonomik analiz uygulamalarinin gelistirilmis yontemlerini degisik miihendislik problemlerine
uygulayarak tamitmustir. (Tsatsaronis, 2006), ekserji analizinde ve ekserji maliyet yonteminde kullanilan
terimlerin tanimlarim aciklayarak, ekserji ve eksergoekonomik degiskenler icin kullanilacak sembollerin
seceneklerini tartigmakta ve kalan terimler i¢in terminolojiyi tanitarak bu konuda ayrintili bilgiler vermistir.
(Rami & Dinger, 2013), organik Rankine ¢evrimli yeni bir tip jeotermal rejeneratif tizerine eksergoekonomik
analiz metodunu uygulayarak 1s1 esanjorlerinin toplam yiizey alanmi parametresine dayali olarak bir
optimizasyon yapmiglardir. Calisma parametrelerinin etkilerini parametrik olarak arasgtirmiglar, bu
parametrelerle sistemin enerji, ekserji verimliligi ve eksergoekonomik analizlerini incelemislerdir. (Silva vd.,
2014), Brezilya'da firetilen petrolden tiiretilen yakitlarin yenilenebilir ve yenilenemeyen ekserji ve CO;
maliyetlerini, ekserji maliyetlerini ve birden fazla {irlin igeren siireclerde salinan CO5'yi rasyonel bir sekilde
dagitmak amaciyla eksergoekonomik analiz metoduyla degerlendirmislerdir. (Ortiz vd., 2020), Hollanda’da
elektrigin performansini belirlemek igin ekserji ve ¢evre analizleri gelistirmislerdir. Fosil ve yenilenebilir
enerji kaynaklarmin tiiketimi dahil olmak iizere ¢esitli teknolojik yollarin karsilastirmali  bir
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degerlendirmesinin, ekserji maliyetleri ve spesifik CO> emisyonlari cinsinden yapilabilir oldugunu
belirtmiglerdir. (Siahaya, 2009), Jakarta’da kurulan bir gaz tiirbin santrali i¢in ekserji, eksergoekonomi ve
optimizasyonunu yapmistir. Maliyeti en aza indirmek icin bilesenlerin ekserji tahribatlarin1 hesaplayarak
ekserji tahribatt maliyetini degerlendirmistir. Kompresorlerdeki ve yanma odalarindaki ekserji tahribat
maliyetinin diisiik olmasiyla iiretilen elektrik maliyetinin diisiik olacagini belirtmistir. (Soltani vd., 2013),
disaridan ateslenen biyokiitle ve biyokiitle-dogal gazin birlikte ateslenmesiyle olusan kombine ¢evrimden
elektrik iiretimi i¢in gazlastirma uygulamasini enerji, ekserji ve eksergoekonomi agisindan incelemislerdir.
Her iki sistemi eksergoekonomi kriteri agisindan karsilagtirdiklarinda biyokiitle-dogalgazli kombine ¢evrimin
digerine gore %2 ile %4 arasinda daha ekonomik oldugunu bulmuslardir. (Rosen ve Dinger, 2003), fosil
kokenli yakitlar ile niikleer yakithi elektrik iiretim tesislerinde kullanilan sistem bilesenlerindeki ekserji
tahribatlarin1 hesaplayarak, bilesenler icin ekserji maliyetlerinin hesaplanmasi i¢in bagmtilar vermislerdir.
(Mert, 2010), ¢alismasinda Erdemir Eregli Demir ve Celik Fabrikasi’nda gaz tiirbinlerinin egzoz gazlarinin
degerlendirildigi kojenerasyon ve konvansiyonel elektrik {iretim tesisinin her bir birimin ve tiim sistemin
enerji, ekserji ve eksergoekonomi analizlerini yapmis ve tesisin enerji goriiniimii ortaya koymustur. Santralde,
ekserji tahribatinin en fazla meydana geldigi bilesenin buhar kazanlarimin oldugunu belirtmistir. Buhar
kazanlarindaki doner hava isiticilarinin buhar kazanlarinda olusan ekserji kaybimi artirdigimi bildirmistir.
(Doseva ve Chakyrova, 2019), Bulgaristan’in Varna sehrindeki, biyogaz motoru ile gaz tiirbininden olusan
kojenerasyonlu elektrik {iretim sistemiyle tahrik edilen atik su iiretim sisteminin eksergoekonomik analizini
incelemiglerdir. (Cavalcanti ve Motta, 2015), giines enerjisi ve fosil kokenli yakit ile ¢alisan 57 kW elektrik
giicii lireten Rankine ¢evrimini eksergoekonomik agidan degerlendirmislerdir. Giines 1s1nim degerleri yiiksek
iken kollektor veriminin daha yiiksek oldugunu hesaplamiglardir. (Luo vd., 2019), sogutucu akiskan olarak
CO; kullanan bir sogutma tesisinde, kompresoriin CO2’nin kritik basing bolgesindeki basing degerlerinin
sistem performansi i¢in termodinamik ve eksergoekonomik analizini ele almiglardir. (Sarag, 2015) ¢ay tiretim
tesisinde degisik atmosfer havasi sartlarinin cay soldurma islemi {izerindeki etkilerini ekserji analizi metodu
ile incelemis ve atmosfer havasi sicakliginin artmasiyla ekserji veriminin azaldigmni belirtmistir. (Bashan ve
Parlak, 2016), farklilik gosteren deniz suyu sicakliklarinda c¢alisan, R134A sogutucu akigkanli buhar
sikistirmal1 bir gemi sogutma sistemine ekserji analizini uygulayarak deniz suyu sicakligi azaldik¢a sogutma
tesir katsayisi ve II. Kanun verimi artarken ekserji tahribatlarinin azaldigini bildirmislerdir.

Bu ¢aligmada bir kargo gemisindeki R22 sogutucu akiskanli buhar sikistirmali sogutma sisteminde, kondenser
tinitesine giren deniz suyu girig sicakliginin sistem performansina etkileri eksergoekonomi analizi metoduyla
aragtirllmistir. Sogutucu sistemin gergek ¢evriminin her bir elemaninda olusan ekserji tahribatlari ile toplam
sistemin ekserji tahribati farkli deniz suyu sicakliklarina goére hesaplanarak ekserji tahribati maliyeti
hesaplanmistir. Gercek c¢evrime dayali hesaplamalarda elde edilen tersinmezlik kaynaklarinin ve
bliyiikliiklerinin belirlenmesiyle eksergoekonomik analize dayali maliyet bilangosu elde edilmistir. Bu
caligmanin amaci, bir kargo gemisinin sogutma sisteminin kondenser iinitesindeki farkli sicakliklardaki deniz
suyunun sogutma sisteminin performansina etkilerini ve sebep oldugu tersinmezliklerinin belirlenerek maliyeti
acisindan degerlendirilmesidir.

2. Materyal ve Yontem

Bu ¢alismada Boybeyi Denizcilik firmasina ait 9282338 IMO numarali, Panama bayrakli, M/V Saros B
isimli kuru ylik gemisine ait buhar sikistirmali sogutma iinitesinden elde edilen veriler kullanilmigtir. Gemi
110,67 metre tam boya, 19,20 metre genislige, 9,214 metre drafta, 7442 gros tona ve 3957 net tona sahip olup,
ana makinesi MAKITA-MITSUI-MAN B&W/6L35MC marka iki zamanl bir dizel motordur. Ana makinenin
giicli 3900 kW’dir. Gemi personeli 18 kisidir. (Nacak, 2020; Nacak & Sarag, 2020).

2.1. Materyal

Calismada ele alinan M/V Saros B gemisinin sogutma sistemi; iki evaporator, bir kondenser, iki genlesme
valfi ve bir kompresorden olusmaktadir. Sogutma sisteminde sogutucu akiskan R22 icermektedir. Buhar sikig-
tirmali sogutma sisteminin sematik resmi Sekil 1° de verilmistir. Gemide sebzelik ve etlik odasi olmak iizere
iki adet buzluk odasi bulunmaktadir.
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Sekil 1. Gemideki sogutma sisteminin semasi (Nacak, 2020; Nacak & Sarag, 2020)

Y
Y

Termodinamik hesaplamada asagidaki kabuller ele alinmustir.

1. Sistem zamandan bagimsiz ve siirekli akisli olarak ele alinmistir.

2. Sistemin 1s1, kinetik ve potansiyel enerji kayiplari diger kayiplara gore kiigiik mertebede oldugu i¢in hesap-
lamalarda ihmal edilmistir.

3. Hem kondenser hem de evaporatorde, teorik ¢evrimdeki maksimum basing ile gercek ¢evrimdeki basing
farki yaklasik %10 olarak hesaplanmistir. Bu nedenle sistemi olusturan elemanlardaki ve boru baglantila-
rindaki basing kayiplart %10 alinmistir.

4. Kompresoriin izantropik verimi 0,75 olarak alinmugtir.

5. Bu ¢alisma i¢in 6l hal To=15 °C ve P;=100 kPa olarak se¢ilmistir.

6. Evaporatorlerde hava ideal gaz olarak kabul edilmistir.

2.2. Metot

Caligmada ele alinan sogutma iinitesinin gercek igsletim parametrelerine ve tasarlanan termodinamik verile-
rine gore cevrimin T-s diyagrami Sekil 2’de gosterilmistir. Gergek ¢evrimin ¢aligma kosullar1 Tablo 1’ de
verilmistir. Sogutucu akigkan R22'nin yogusma sicakligi ile kondenserdeki deniz suyu giris sicakligi arasindaki
sicaklik farki (ATr) 8 °C, 13 °C, ve 18 °C dir. Termodinamigin enerji ve ekserji kanunlari ile sogutma sistemi-
nin elemanlarinda olusan enerji ve ekserji tahribati miktarlar1 hesaplanarak, eksergoekonomik analiz metodu
sogutma sistemine uygulanmistir.

778



Journal of Advanced Research in Natural and Applied Sciences 2023, Cilt 9, Say: 4, Sayfa: 775-787

)

N — — B ———
Sogutma suyu

Hava sogutmasi

x=1 S

P

Sekil 2. Gemideki sogutma sisteminin semasi (Nacak, 2020; Nacak & Sarag, 2020)

x=0

Tablo 1
Gergek gevrim galisma kosullart (T, ; =24.5 °C ve ATr=13 °C) (Nacak, 2020; Nacak & Sarag, 2020)

Parametreler

Basing diisiisii, AP
Farkli minimum sicaklik farklar1 AT

MT evaporatdriinde farkli minimum sicaklik farklari, ATmr

LT evaporatoriinde farkli minimum sicaklik farklari, ATt

Kompresoriin izantropik verimliligi, Nxompresor
TV-1 kisilma siireci 3-4

TV-2 kisilma siireci 4-5

Kondenserden asir1 sogutma tahliye hatti
Kompresorden dnce emis hattinin asir1 1sitma sicakligi
Sogutma suyu

Suyun giris sicaklig

Suyun giris basinci

Suyun ¢ikis sicaklig

Suyun ¢ikis basinct

MT evaporatoriindeki hava sogutmast

Hava giris sicakligi

Hava giris basinct

Hava ¢ikis sicakligi

Hava ¢ikis basinci

LT evaporatdriindeki hava sogutmasi

Hava giris sicakligi

Hava giris basinct

Hava ¢ikis sicakligi

Hava ¢ikis basinci

AP*0,02% [kPa]
13°C

3°C

7°C

%75

Tersinmez
Tersinmez
12°C

15°C

Teug=24,5°C
Ps.,;=400kPa
Tae=30°C
P...=101.325Pa

Thava =6 °C
Pravag=101.325kPa
Thavae=3,5 °C
P...=101,325Pa

Thava,g= -10 °C
Phavag= 101,325kPa
Thavae= -18 °C
Phava,c= 101,325kPa
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2.2.1. Enerji ve Ekserji Analizleri

Kiitle ve enerjinin korunumu ilkelerinin yaninda sistemin her bir elemani igin ekserji dengesi yazilarak
sistemin performansi belirlenmektedir. Bir termal sistemde tersinmezlikler i¢eren iiniteleri ve tersinmezliklerin
buytikligiinii belirlemek ekserji analizi metodu ile analiz edilerek belirlenmektedir. Ekserji analizi
tersinmezlik kaynaginin belirlenmesinin yani sira siirecin tersinmezligi hakkinda da bilgi saglar. Sistemdeki
her bir bilesende olusan ekserji tahribati ve ekserji tahribatinin biiyiikliigliniin belirlenmesi, ekserji esitliginin
sistemdeki her bir iiniteye ayr1 ayr1 uygulanmasiyla bulunur. Buharlagmali sogutma sisteminin termodinamik
modelinde sistemi meydana getiren her bir bilesenin akiskan giris ve ¢ikis ekserjileri (Denklem 2.1), ekserji
akisi (Denklem 2.2) ve her bir elemanda olusan ekserji tahribati da (Denklem 2.3) ile hesaplanmistir.
Denklemlerdeki “h” entalpi, “s” entropi ve “e” ekserji akisini belirtmekte olup, bilesenlerin giris ve ¢ikis
noktalarindaki sartlara gore degerler almaktadir. “0” indisi ise ekserji analizi degerlendirilmesinde 6lii hal
sartlarina karsilik gelen degerleri simgelemektedir.

e = h_ho _TO(S_SO) (21)
E=re 2.2)
. To\ » . . .

Ep = Zk( - T_k) Q — W + Xk Exg — 2k Bk (2.3)

2.2.2. Eksergoekonomik Analiz

Eksergoekonomi metodu termik sistemlerin enerji verimliliginin ve maliyetinin degerlendirilmesi agisindan
uygulanan yeni bir yontem olup, tasarim miihendislerine ve isletim miihendislerine mali agidan en ekonomik
bir tasarimi ve isletme kosullarinin belirlenmesini saglar. Bu yontem literatiire (Bejan vd., 1996) tarafindan
tanitilmistir. Eksergoekonomik analiz, ekserji analizi, ekonomik analiz, ekserji maliyeti ve eksergoekonomi
asamalarimi icermekte ve genellikle sistem elemanlar1 seviyesinde uygulanan bir analiz yontemidir. Eksergo-
ekonomik analizin amaci, sistem siire¢lerinin maliyetini, sistemin maliyet akisin1 ve seklini anlamak, sistem
elemanlarinin spesifik degiskenlerini belirlemek ve bu degiskenleri optimize etmek ve sistemi biitiin olarak ele
alip optimizasyonunu yapmaktir.

2.2.2.1. Ekserji Maliyet Tanimlari

Ekserji analizinde sistemdeki kiitle ve enerji akimlar ile ilgili maliyetler hesaplanarak her bir elemanda
meydana gelen ekserji kaybi belirlenir. Bir sistemin ekserji iiretebilmesi i¢in harcamasi gereken ekserji mikta-
rina ekserji maliyeti adi1 verilir. Eksergoekonomik analizin amaci, sistem siireglerinin maliyetini ve sistemin
{iriin akislarmin birim basina ekserji maliyetini ortaya ¢ikarmaktir. Isletimden elde edilen iiriinlerin birim ek-
serji maliyeti cevrimin ekonomik optimizasyonu i¢in kullanilmaktadir. Her bir ekserji iiriiniin birim maliyetini
hesaplamak i¢in bir maliyet denge denklemi ve yardimei1 denklemler, gevrimin her bilesenine uygulanmakta-
dir. Sistemdeki her bir eleman igin ilk yatirim, bakim ve onarim maliyet toplaminin hesabinda termodinamik
siir sartlarina ve ekonomi sinir sartlarina dayali esitlikler sematik olarak Sekil 3’te gosterilmistir.
Termodinamik siireglerde her bir ekserji akimi icin ekserji maliyeti yapilir. Termodinamik ve ekonomik sinir
sartlarin1 g6z 6ntine alinan bir kontrol hacmine, giren ve ¢ikan madde akiminin tagidigr ekserji Eg ve Eg, giic

W ve 151 transferiyle yapilan ekserji transferi Eq ile simgelenmistir.
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Termodinamik smir sartlart Ekonomi simir sartlar
Sy Lo T - |
M) —— RN .
’ ‘ Her bir bilesen igin || z m
_ \ KONTROL HACMI | |
Z(??Th)g ‘# ||“Z:(”!h)f
) | ‘ Kiitlenin sakinimi kanunu ‘ i
Z Q, veva Z W ‘ | |
g g # — 1 FZO \e'v'nZW
1 | Enerjinin korunumu kanunu ‘ | ! ¢ §
by ot | — | :
Z - —?—-’ Ekserji esitligi -1-1_-' Z E ¢ iriin
| TR T I
Z(:ie,e,-c,-)k‘g _?_.. \ Ekserji maliyet esitligi _H_b Z(’i':'"ifi)k.c
* S|

Zy =Zyu + Z;

Sekil 3. Termodinamik ve ekonomik esitliklerin kontrol hacminde sematik gosterimi (Nacak, 2020)

Ekserji maliyet degerlendirilmesinde, her bilesen ekserji akimi maliyeti ile iliskilendirilir. Sistemdeki madde
ve enerji aktarimu ile ekserji transferi gergeklesirken tersinmezlik sebebiyle ekserjinin bir boliimii yok olmak-
tadir. Ekserji maliyeti (Denklem 2.4) veya (Denklem 2.5) ile belirlenmektedir. C ; donem maliyeti fiyatini, c;
ekserjinin birim fiyat birimini ($/giin) ve e; ise bilesendeki her bir is akiskaninin 6zgiil ekserjisini simgele-
mektedir. E ekserji akisi olarak ifade edilir.

2(G), + 2= 2(G), (24)
Z(rhjejc),, + Zic = X(rhjejc), (2.5)
Kontrol hacmine giren is akiskaninin ekserji maliyeti;

Cg = cgEg = cg(r'ngeg) (2.6)
Kontrol hacminden cikan is akiskaninin ekserji maliyeti;

Cg = c‘;Ec = cg(r‘hcec) (2.7)
Kontrol hacmindeki giiciin ekserji maliyeti;

Cw = CyW (2.8)
Q 151 transferinin, E;, ekserjisinin maliyeti olan C, ise (Denklem 2.9) ile belirlenmistir.

(2.9)

Ep ekserji yakit: ve Ep ekserji iriinii ifadeleri igin ekserji maliyetleri (Denklem 2.4)’te yerine yazilirsa, C P,top

ekserji iiriin maliyeti ve Cp o, ekserji-yakit maliyeti (Denklem 2.10) ile belirlenir. Z'g’;;f
is
top

ilk toplam yatirim

maliyetini ve Z,  toplam isletme ve bakim maliyetini tamimlamaktadir.

781



Journal of Advanced Research in Natural and Applied Sciences 2023, Cilt 9, Say: 4, Sayfa: 775-787

. _ o . yat . ls
CP,tOp - CF,tOp + Ztop + Ztop

(2.10)
Bir sistemin termal performansinin ekonomik olarak uygulanabilirligi ekserji maliyetine gore degerlendirildi-
ginde, ele alinan kontrol hacminde olusan ekserji tahribati, ekserji-yakiti ve ekserji-iiriint, cevre sartlarina ve
sistemde ortaya ¢ikan tersinmezlik treten kaynaklara gore degerlendirilmektedir. K indisi sistemi olusturan
her bir bileseni ifade etmektedir. Her bir bilesene ait 6zel ilave ekonomiklik denklemler yazilarak ortalama
ekserji maliyeti (Denklem 2.11) ile hesaplanilir (Luo vd., 2019). Her bir bilesene ait 6zel ekonomiklik denk-
lemleri Tablo 3’te verilmistir.

Zc(ccEc)g + ey Wy = cq_qu + Zg(cgEg)g + Zy (2.11)

2.2.2.2. Ekserji Maliyet Esitliginin Sistem Bilesenlerine Uygulanmasi ve Degerlendirme

Maliyet degerlendirilmesinde ekonomik kriterlerden ana para geri kazanim orani, bir degere indirgenmis
diizeltme faktorii ve eskalasyon diizeltme faktorii kriterleri sistemdeki her bir bilesene uygulanarak, ana para
geri kazanim oran1 CRF (Denklem 2.12) ile bir degere getirilmis diizeltme faktorii K (Denklem 2.13) ile
eskalasyon diizeltme faktorii CELF (Denklem 2.14) ile bir degere getirilme faktorii M (Denklem 2.15) ile
belirlenir.

_ iﬂt(1+if_t)n
CRF = (2.12)

(Denklem 2.13) ’te 1;, eskalasyon orani;

_ 141y

= Thin (2.13)
(Denklem 2.14) ’te n sisteminin émriin, i . geri ddeme oranini ifade etmektedir.
CELF =“C= cRr (2.14)
M= iﬁ’f (2.15)

2.2.2.3. Maliyet Tahminleri

Sisteme ait toplam maliyet fiyat1 (Denklem 2.16) ile belirlenmektedir (Bejan vd., 1996). Her bir bilesenin
toplam maliyet fiyat1 Z, sisteme ait her bir bilesenin ilk yatinm maliyet fiyati Z,,. ile, isletme ve bakim
maliyet fiyati Z;; toplami olarak tammlanmaktadir.

Zi = Zyar + Zi (2.16)
Zyar Yatirim maliyeti ile Isletme ve bakim maliyeti Z;s (Denklem 2.17) ve (Denklem 2.18) ‘te verilmistir.

Zyat = Zkomp + Znakit + Zisgi + Ztesis [$] (2.17)
Zis = Zservis + Zbaklm + Zvergi + Zelektrik [$] (2-18)
Deniz suyu ile sogutulan gemi sogutma sistemi kompresor, kondenser, MT evaporatdrii, LT evaporatorii ve
iki adet termostatik genlesme valfi olmak tizere alt1 bilesenden olugsmaktadir. (Denklem 2.17) ve (Denklem
2.18) ’e ait birimler diizenlenerek sogutma sisteminin her bir elemani i¢in bir yila indirgenmis toplam ekserji

maliyetleri, sogutma sisteminin 6mrii n=20 y1l, glinliik calisma saati At 16 saat/giin, eskalasyon oran1 r, % 4,
faiz orani r; % 3 ve geri 6deme orani i) % 6 olarak secilerek Tablo 2’ de verilen esitliklerle hesaplanmigtir.
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Tablo 2.

Sogutma sistem elemanlarina ait ekserji maliyeti

Kompresor

aMtezzs
Ekonomik smir sartlan

] T

Zey = (Zyge + Zi5). M

Zew = (Zyar/ (. 24365) + Z;5/ (AT.365)) .M [$isaat]
C2 E, =0 E1' + Zew + Celektr_ikWCM

G, = Cq, CtahribatCM =0 EtahribatCM [$/saat]

Kondenser

‘:2) MRzag

__ Ekonomik smir sartlart

r‘— Tiv.in
e |
Tiw,out

L _l»_ 1
3 TMgaac

Zyat = Zkomp + Znakil + Zisgi + Ztesis [$]l
Zis = Zservis T Zpakum + Zvergi

Zep = (Zyar/ (n.24365) + Z;5/ (AT.365) ) . M [$/saat]
Csu,c Esu,g + C3 E3 = Csu,g Esu,g +c; EZ + ZCD

C3= Cy, Caug = 0,0, Ctanrivatcp = €2 Etanrivatcy [$/saat]

MT evaporatorii

Mair.in

Tairin Ekonomik smr sartlart

I

Zyat =Zyur-gv + Znaka + Zi$gi + Ztesis [$]
Zis = Zservis T Zpakum + Zvergi

Inir—gy = (Zyat/(n.24.365) + 74/ (AT. 365)) M [$/saat]

|
m}:iz‘g| ﬁluzz,( . . . . .
@‘4‘; | = Chava,c; Ehava,(; + Ce E6 = Chava,g Ehava,g + Cy E4- + ZMT—EV
‘ o 2 CG = C4— ) Chava,g = 0! CtahribatMT_EV = C4 EtahribatMT_EV [$/Saat]
air.out “MT-EV
Tair out
LT evaparatorii
Mair in Zyat =Zyr—gy + Znpgra + Zisgi + Ziesis [$]
{ Tocin y  Ekonomik s sartlan Zis = Zservis T Zparam + Zvergi
g [ X~ Zir-sv = (Zyar/ (. 24.365) + Z;5/(AT.365) ) . M [$/saat]
i\‘ l _ Chava,g Ehava,out + ¢7 E7 = Chava,g Ehava,g + Cs ES + ZLT—EV
T L - . e
L. C7 - CS ) Chava,g - O'O ’ CtahribatLT_EV - C5 EtahribatLT_EV [$/Saat]
Tair,out

TV-1

Ekonomik sur sartlar

Zyat = Zy-1v + Znakit + Zisi + Ziesis [$]

Zis = Zservis + Zbaklm + Zvergi

Doy_q = (Zyat/(n.24.365) + Z;/(AT. 365)) .M [$/saat]
¢4 By = c3 B3+ Zpy_y

Cy = Cs, Ceanrivatry_, = €3 Etanrivatyy_, [$/saat]

TV-2

Ekonomik smir sartlar

Zyat =Zy-1v + Znaka + Ziggi + Ziesis [$]
Zis = Zservis t Zpatam + Zvergi

Dy = (Zyat/(n.24.365) + Zis/(AT.365)) M [$/saat]

csEy=c3Es+Zpy_,,Cs = (3, CtahribatTV_z =C3 EtahribatTV_z [$/saat]

o Termoekonomik Faktire Gire Degerlendirme
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Termoekonomik faktor (f) tanimi (Bejan vd., 1996) tarafindan tanimlanmis ve (Denklem 2.19)’da veril-
mistir. Termoekonomik faktor, sistemin tersinmezlik maliyeti azaldiginda sistemin ideal ¢alisma sartlarindaki
maliyet kosullarina ulasildigini ve ekserji tahribati ile maliyetin azaldigin1 gosteren bir kriterdir. Termoekono-
miklik kriterinin 1 degerine ulagmasi o bilesenin ekonomik calistiginin gostergesidir.

fr

Zi (2.19)

Zi*Ctanribaty,

Karsan-Sogutma Ltd. Sti. firmasinin sundugu maliyet degerlerine gore, sisteme ait yatirim maliyetleri Tablo
3’de, isletim maliyetleri Tablo 4’de verilmistir.

Tablo 3.
Sistem bilesenlerinin yatirim maliyetleri tablosu

Bilesen Bilesen Maliyeti [$] Nakil Maliyeti [$] Iscilik Maliyeti [$] Tesisat Maliyeti [$]

CM 1350 150 750 500

CD 900 150 350 350

MT-EV 770 150 600 300

LT-EV 950 150 700 350
Tablo 4.

Sistem bilesenlerinin isletim maliyetleri tablosu
Bilesen Servis Maliyeti [$] Bakim Maliyeti [$] Yasal Vergi Maliyeti [%] Elektrik Maliyeti [$]

CM 850 1250 18 0
CDh 700 400 18 0
MT-EV 600 200 18 0
LT-EV 700 350 18 0

3. Bulgular ve Tartisma

Gemi sogutma sistemin gergek ¢evrimine ait noktalarinin termodinamik analiz sonuglari, sogutma suyunun
kondensere giris noktasindaki 24.5 °C sicaklik degeri i¢in Tablo 5 ’te verilmistir.
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Tablo 5.

Gergek gevrim igin termodinamik parametreler (T, ; =24.5 °C ve ATr=13 °C) (Nacak ve Sarag, 2020)

Termodinamik Parametreler

S.Point Akiskan 1 [kg/s] T[°C] P [kPa] hkikg] s [kikgK] e [ki/kgK]
1 R22 0.01806  3.803 1934 4139 1.868 17.64
2 R22 001806 1361 1149 498.1 1.921 86.53
3 R22 0.01806 31 1633 238 1128 54.81
4 [x4=0.184] R22 0.0088 0 4882 238 1.139 51.75
5 [x5=0.298] R22 0.00917  -25 1934 238 1.160 45.87
6 R22 0.0088 3 2015 4067 1.758 41.99
7 R22 0.00917  -15 1934 4015 1.822 18.59
8 R22 0.0088  -7.093  193.4 406.7 1.841 18.08
M R22 0.01806 -11.11  193.4 404.1 1.831 18.32
Taug Su 02067 245 405.3 103 0.359 0.9451
Toue Su 0.2067 30 101.3 125.8 0.436 1.579
ThavagmT Hava 03316 6 1013  16.93 5.671 0.1938
ThavagMr Hava 03316 3 1013 1241 5.654 0.3445
ThavagLt Hava 01687  -10 1013 -8.077 5,578 1.676
Thovae.T Hava 0.1687  -18 1013  -16.97 6.703 2.68

Eksergoekonomik analizde termostatik genlesme valflerinin yatirim ve igletim maliyeti diger bilesenlere gore
¢ok kiictik maliyette olmasindan dolay: hesaplamalarda g6z 6niine alinmamustir.

Sekil 4> de kondenser giriginde deniz suyu sicaklik degisimi ile ekserji tahribat maliyetine olan etkileri ve
bilesenlerde olusan ekserji tahribati maliyeti degerleri verilmistir. Kondensere giren deniz suyu sicakligi azal-
dikg¢a kondenserde olusan ekserji tahribati maliyetinin yiikseldigi Sekil 4 *te goriilmektedir. Kondensere giren
deniz suyu sicakliginin ekserji tahribati maliyetine olan etkileri CM, MT-EV ve LT-EV ’de goriilmemektedir.

g 0,4
£ B 0.3314 ) Tsug=2050C
= 0
= 0,3 — 7 L Tsu,g=2459C _ |
= 0 i
Eon 0.2021 |
<
=
£ L |
=
So01 — ]
g - 0.0288 S
4] .
=<

CD MT-EV LT-EV

Sekil 4. Ekserji tahribat1 maliyetinin bilesenlerdeki degerleri

Sogutma sisteminin bilesenlerine ait termoekonomik faktor degerleri Sekil 5°te verilmistir. MT evaporatori,
LT evaporatorii ve kompresoriin termoekonomiklik kriterlerinin limitlerde oldugu goriilmektedir. Sekil 5 in-
celendiginde, kondensere ait 0.483, 0.548 ve 0.605 termoekonomik faktdr degerlerinden kondenserin ekono-
miklik kriterinin en diisiik deger aldig1 goriilmektedir. Mevcut kondenserin ekonomiklik kriterinin kondensere
giren deniz suyu sicaklig arttikga iyilestigi goriilmektedir.
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Yatirim ve igletim maliyetleri en yiiksek degerleri kapsadigindan, MT ve LT evaporatérlerinin ekonomiklik
kriterleri yiliksek olarak hesaplanmistir. Kompresdoriin izantropik verimi kii¢lik segildiginden kompresoriin ter-
moekonomiklik kriteri MT ve LT evaporatorlerinin termoekonomik Kriterlerinden kiigiik ¢ikmustir. Parasal
giderler agisindan sistem bilesenleri degerlendirildiginde, Sekil 6’da goriildiigii gibi, en yiiksek maliyetli bile-
senin kompresor oldugu bulunmustur. Cilinkii Tablo 3’ten de goriildiigii gibi kompresoriin yatirim maliyeti
diger bilesenlerden daha fazladir.

1,2

Tou,g = 24.5°C
Tsu,g =29.50C

Termoekonomik faktor [f]

\Y
Sekil 5. Sistem bilesenlerinin termoekonomik kriter degerleri
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Sekil 6. Sistem bilesenlerinin parasal giderleri

4. Sonuclar

Bu c¢alismada, M/V Saros B kargo gemisinde bulunan ve kondenser iinitesi deniz suyu ile sogutulan bir
buhar sikistirmali sogutma sistemine eksergoekonomik analiz uygulanmigtir. Calismada kondenserde
sogutucu akiskan R22’nin yogusma sicakligr ile deniz suyu sicaklik farki arastirmanin etkin degisken
parametresidir. Ekserji tahribatt maliyetleri agisindan sistem bilesenleri degerlendirildiginde kondenser,
kompresor, LT evaporatorii ve MT evaporatoriinde sirasiyla 0.2552 ($/saat), 0.2519 ($/saat), 0.0527 ($/saat),
0.0288 ($/saat) olarak hesaplanmistir. Sistem bilegenleri isletme ve yatirim maliyetleri agisindan
degerlendirildiginde, parasal giderler sirasiyla kompresor, kondenser, MT evaporatorii ve LT evaporatoriinde,
0.599 ($/saat), 0.398 ($/saat), 0.308 ($/saat) ve 0.237 ($/saat) olarak bulunmustur.
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Accepted:  17.07.2023 parameters in the proposed equation model. In this study, the main error value for 14 maintenance items required for

Published:  20.12.2023 a SHPP is calculated as 17.4819%. The maintenance cost of a SHPP to be installed in this way can be predicted with
high accuracy using the proposed equation model. In the study, the sensitivity analysis of the proposed equation

Research Article model is also performed, and maintenance cost changes are expressed in different parameter values. In the study,
corrected data from 8 SHPP in India are used. These data cover the maintenance costs of all components for the years
2015-2016. In the study, unlike the literature, the flow parameter is added to the power and head parameters. In this
way, a more sensitive equation model is developed for SHPP data. In addition, realistic results are obtained by appl-
ying constraints to the parameters. Considering the 14 different maintenance cost parameters examined in the study,
a correlation model is proposed to give better results than the literature for other maintenance costs except the power
channel and penstock cost.

Keywords — Chaos embedded adaptive particle swarm optimization, Correlation model, Sensitivity analysis, Small hydroelectric power plants,
Maintenance cost estimation

1. Introduction

The need for energy is increasing rapidly with developing technology and increasing world population.
This increasing need for energy is usually provided by fossil resources. Considering the damage caused by this
situation to the environment, the importance of renewable energy sources increases (Dincer, 2012; Uzar, 2020;
Karmendra K. A. et al.,2022). Renewable energy sources consist of hydroelectric, wind, solar, geothermal and
biomass energy sources.

Hydroelectric energy resources have a great potential for the world. It is important to use this potential
efficiently as well as to evaluate it. Cost information is important for evaluating the current potential and
converting it into investment. Therefore, cost analysis and estimation is a topic addressed by researchers (
Ogayar and Vidal 2009; Aggidis et al. 2010; Cavazzini et al. 2016; Celikdemir, Yildirim, and Ozdemir 2017;
Filho, Santos, and Barros 2017;). After the investment decision is taken for a new power plant installation,
techno-economic cost information is analyzed. This analysis information influences cost planning. The
parameters for installation cost of Small Scale Hydroelectric Power Plant (SHPP) projects are analyzed in three
main sections. These are respectively; civil works, hydromechanical and electromechanical equipment. In the
studies, cost correlations based on the installed power and head parameters of electromechanical equipment
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2 mto@firat.edu.tr
*Corresponding Author
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have been developed (Mishra et al., 2011). In addition to these parameters, the flow parameter has been added
to the equation model as a new approach for cost estimation (Cavazzini et al., 2016; Celikdemir and Ozdemir,
2022). In such a way, the smallest mean error values with the best performance were obtained. In later studies,
better results were obtained by developing equation model parameters. Optimization methods were used to
determine equation model parameters (Celikdemir, S. and Ozdemir 2021; Celikdemir and Ozdemir 2022).
Further, cost estimates were obtained with less error rate. In the studies examined, head, flow and turbine types
parameters were used in the equation models developed by the researchers.

Another issue addressed by researchers is maintenance costs. As result of that, it is seen that increased
operating and maintenance costs increase the unit production cost of energy. This increase in the production
cost of energy decreased the net profit of the projects. In the studies, different maintenance costs were analyzed
and correlations based on power and head parameters were developed (Kumar, Singal, Dwivedi, and Shukla,
2020).

Motivation of the Study;

In this study, the maintenance costs of SHPPs, which are not often addressed by researchers, were examined.
For this, the previously examined SHPPs in India are addressed. There are two main sources of motivation for
this study. First, the flow parameters were also added to the correlation models created by the researchers based
on only power and head parameters. In such a way, a more sensitive and comprehensive correlation model was
obtained. While developing this correlation model, corrected current data of SHPPs were also used. The
second, while the correlation models were being developed, some coefficients were found to be negative
because there was no limit on the coefficients of power, head and flow parameters. Such a situation would not
reflect reality. Because with increasing flow, power and head parameters, the cost value will decrease. For this,
a limitation has been applied to the coefficients of the parameters in the proposed equation model. Thus, these
two main issues ignored by the researchers constitute the main motivation of the study.

In this study was carried out in three different stages. First, the error rates of the correlation model developed
in the literature were recalculated using the corrected SHPP data. In the second stage, new coefficients were
obtained by adding the flow parameter to the correlation equation model. These calculated error values were
compared with the error rates in the existing studies. In the last stage, sensitivity analysis was performed. For
the sensitivity analysis, the effects of the parameters in the proposed equation model were examined
respectively. As a result, the maintenance costs of the equation model proposed in the study were calculated
with less errors.

2. Materials and methods

In the literature, optimization methods developed in the literature are generally developed for the most
appropriate solution to a problem. There are many different optimization algorithms in the literature.
Commonly used algorithms; bee algorithm, genetic algorithm, Particle Swarm Algorithm (PSO). The most
preferred among these is the PSO. It is an algorithm developed in 1995 (Elbatran et al., 2015). This method
imitates the swarming behavior of some living things that live in flocks. These behaviors are both to reach
food sources and to be protected from external dangers. This is achieved by communicating with all living
things in the swarm. Living things in the swarm consist of N particles living in an n-dimensional space. Here
Xi(t) represents the position of particle “i" in iteration “t”. This expression is used to evaluate the state of the
particle. PSO needs information sharing among the living things in the swarm to solve problems. Each
individual updates its position towards the best position in the swarm to avoid danger and forage. He also uses
his previous experiences for this. Particles in the swarm set their best position to the personal best position
(Xppest) and the best position in the whole swarm (Xghest). The following equation is used for the next velocity
and position of each particle (Alatas et al., 2009; Ozdemir, 2021a);
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vi(t+1) = woy (0 + 1y (0) (Xppest — %1, (8)) + a2 (8) (Xgpest — %1, (1)) (21)

xi(t+1) = x(0) + v (e + 1) (2.2)

Where c¢; and ¢, Xgpest are velocity factors, v; is the velocity of the particles, x; is the position of the particle
and w is the inertia coefficient. The flow diagram of the developed CEAPSO algorithm is given in Figure 1
(Alatas et al., 2009). The velocity expression for CEAPSO is given in Equation (2.3).

vt +1) = CM1v;;(8) + ¢, CM2 () (Xppese — i, (8)) + €,CM3(8) (Xgpese — x;,5(0)) (2.3)

Where, CM1, CM2, and CM3 are the results of the determined chaotic maps with values between 0-1. There
are many CMs used in the literature (Alatas et al., 2009). However, in this study, Chebyshev CM is preferred
as the velocity function. In this situation (Ozdemir, 2021);

CM1,2,3 = CM;,, = cos(n * arccos(CM,)) (2.4)
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Figure 1. CEAPSO flowchart
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The work of CEAPSO, on the other hand, first begins with the determination of the initial positions of the
individuals. Then, cost values are calculated for each individual using the cost function. As a result of the
calculations, the cycle continues until the lowest cost is calculated. The lowest cost value is assigned as
globalbest. The new velocity value is calculated using the velocity equation and the calculations are updated.
This process continues until the maximum number of iterations is reached. At the end of the process, the
coefficients in globalbest are given as a result. The position and speed values of individuals are determined
from the chaotic map. For this, the studies of Alatas et al. were taken as reference. Where, the initial value of
CMs was determined as 0.6. In addition, as the other parameter in the CEAPSO algorithm, the number of
iterations is 1200, the inertia coefficient is 0.8, ¢_1=0.12, ¢ _2=1.2 and the herd size is 150. It is seen that the
best mean error values for the data applied to the heuristic swarm algorithms are CEAPSO. Therefore,
CEAPSO was preferred in subsequent studies.

2.1. Classification of hydropower plant

SHPPs are classified according to different criteria. These criteria differ from country to country. The
differences in the economic and hydraulic potentials of the countries cause this situation. In many countries,
the classification of SHPPs is made according to the installed power of the plant. The classification determined
by the United Nations Industrial Development Organization (UNIDO) for different countries is given in Table
1.

Table 1
Worldwide HPP classification

> E (4] .
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E 8 é g § o i & > =
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¥ =z o° %)
3 5 5 & 3 2 < o T2 Z N
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In addition, different classifications are made according to the head, flow rate, turbine type and structures of
SHPPs. SHPPs according to their structures; It is classified as river structure, water storage, channel structure
and pump structure.

2.2. Small hydropower plant and components

Energy production in river type SHPP’s, which is one of the types of hydroelectric power plants, is
proportional to the flow of water. Although the unit costs of small SHPPs are high, they have a long life. In
addition, the negative effects on humans and the environment are negligible. A river type SHPP consists of
main inlet valve, penstock, power channel, gates, desilting tank. In addition, it consists of turbines, generators,
transformer, switchyard, governor, thrust bearing, oil pressure unit, control panel and station auxiliary.

A SHPP consists of construction, electromechanical and hydromechanical equipment and their
subcomponents. These components are given in detail in Figure 2 (Kumar et al., 2020).
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Figure 2. Detail of SHPP components

Repair and maintenance at SHPP directly affect the operating life of the system. Therefore, maintenance work
includes regular and systematic work. Effective operation and maintenance is one of the most cost-effective
approaches to achieving high energy efficiency. Insufficient maintenance of power plants causes an increase
in unit energy costs.

2.3. Data collection

In this study, data from 8 SHPP in India were used. These data cover the maintenance costs of all
components for the years 2015-2016. The power plant data for SHPP are given in Figure 3 (United Nations
Framework Convention on Climate Change, n.d.).
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Figure 3. SHPP data diagram
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Where, data for 8 SHPPs in India referenced in the study are given. Horizontal axis in Figure 3, the head (m)
information of the SHPPs, the vertical axis, the flow rate (m?/s) information of the SHPPs and the sizes of the
figures on the graph give the installed power (MW) values of the SHPPs.

Table 2
SHPP data

Power Head Flow

MW)  (m) (m°fs)
Baner 111 5 219.8 2.7 Pelton 2009
351 1.69 Pelton 2009

Plant Name Turbine Date

Iku Il 5

Drinidhar 5 250 2.58 Pelton 2010
Upper Khauli 5 400 15 Pelton 2010
Binwa 6 2332 31 Pelton 1984
Baner 12 330.1 4.3 - 1996
Gaj 3 163 2.18 Pelton 1996
Khauli 12 4757 3 - 2007

In addition, the adjusted data of 8 hydroelectric power plants used in the study are given in Table 3.

2.4. Developed equation model

The power expression of SHPPs is generally expressed as the conversion of potential energy of water into
kinetic energy. Flow and head parameters are used in the calculation of power. The expression of the work
performed in SHPPs is given in Equation (2.5).

dW =pgdVH (2.5)

Where p is the water density (kg/m®), dW is the work, g is the gravity constant (m/s?), dV is the volume of the

water and H is the head (m). Equation (2.6) is used for volume information of water (Celikdemir et al., 2017).
S

dq = — (2.6)

Where t is time (s) and g is flow rate (m*/s). The definition of power is given Equation (2.7);

aw
ap = W 2.7)

The arranged form of the equations is given in Equation (2.8) and Equation (2.9).

pgdqdtH
dt

P=pgqghn (2.9)
Where P is the power (Watt) converted from the turbine shaft and n the turbine efficiency (%).

ip - 2.8)

In the literature, three basic models are mostly used in proposing cost equations. These models are Sigma,
Linest and Logest equation models. Linest equation model is preferred as the most preferred equation model,
which is accepted to give correct results by researchers. As this preference factor, Linest equation model was
preferred in this study. Many equation models have been proposed in the literature for electromechanical
equipment cost estimation of SHPPs. These proposed equation models are given in Equation (2.10).

Cost[$] = a.P’ +c.H +e.Qf + g (2.10)

In Equation (3.10), “a and b” are the expression of power P (kW), “c and d” are the expression of head H (m),
and “e and £’ are the expression of flow Q (m®/s). Where the coefficients are constrained to be positive for
them. In this situation, more realistic results are obtained.

In the study, the maintenance costs of SHPPs, which are not often addressed by researchers, were examined.
For this, few data available in the literature with the SHPPs in India belonging to the study were examined.
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One of the motivation sources of the study was to propose an equation model with less mean. While doing
this, it is aimed to obtain a more general expression and realistic results. The calculated results were compared
with the literature results. (Kumar et al., 2020).

3. Result and discussion

The cost data used in the calculations were calculated in dollars over the exchange rate of the maintenance
year using the Central Bank data. The coefficients in Equation 2.10 have been developed for the estimation of
electromechanical equipment cost calculation of SHPPs. CEAPSO was used to calculate these values.
MATLAB program was used to calculate the parameters of the proposed equation model. The calculated
coefficients are given in Table 2 (Wang et al., 2022). The corrected data of 8 hydropower plants used in the
study are given in Table 3. Corrected data are from Clean Development Mechanism (CDM).

Table 3

Calculated coefficient parameters
Component a b c d e f g
Turbine 0.698557 4.294794 32.72562 0.562217 2081.046 1.714907 144.5411
Main inlet valve (MIV) 851.2471 0.791228 7.01079  0.791732 3.874605 4.081728 -264.658
Generator 1047.519 1.107083 10.67688 0.132195 74.67233 2.901739 96.94424
Thrust bearing 0.393331 3.707275 8.8809 0.816154 0.190436 5.783192 6.051182
Governor 678.0206 1.023596 0.464932 0.452947 124.7796 2.193964 -25.8276

Oil pressure unit (OPU) 107.4133 1.462108 12.2603  0.462201 196.0348 1.633853 794.357

Control panel 27.75594 2.568188 2.860927 0.718667 4112.165 0.762245 -5344.14
Transformer 3.517244 2.530749 0.742108 1.258029 0.555896 4.256665 897.8485
Switchyard 1.857732 2.49357  10.71817 0.915983 4.046528 4.305202 4758.941
Desilting tank 0.997891 2.811734 359.8555 0.429108 0.487902 4.863487 -1.93133
Power channel 0.001008 0.286092 11139.34 1.07E-06 14.14716 9.72E-06 -653.26

Penstock 1.68E-05 0.079193 419.7806 0.386657 39.57226 0.00281  -8.27214
Gates 11.21851 2.729121 0.006329 0.361564 2818.363 0.683863 -3780.71
Station auxiliaries 46.02745 0562321 291556  1.229814 515.1306 1.538834 1297.404

In this section, 14 different maintenance cost data for 8 hydroelectric power plants are analyzed. The cost and
error rates calculated as a result of the analysis are given in Table 4. For this, the 4 term 7 parameter equation
model in the proposed Equation 3.10 was used.
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Table 4
Costs and error rates of hydroelectric power plants

(Kumaret (Kumaretal, (Kumaretal,

Actual (Kumar et al., Analysed Analysed

Component  Plant Name Maintenance 2020) Cost al., 2020)  2020) Cost 2020) Error Maintenance Error
Error (Corrected) (Corrected)
Baner 111 3311.26 3564.35 -7.64 4888.34 -47.63 4289.54 -29.54
Iku 11 2317.88 2554.27 -10.20 2849.53 -22.94 2267.20 2.19
Drinidhar 4966.89 4341.34 12.59 4419.04 11.03 4022.55 19.01
Turbine Upper Khauli 1490.07 1458.72 2.10 2088.08 -40.13 1976.03 -32.61
Binwa 6622.52 6796.33 -2.62 6796.33 -2.62 5584.94 15.67
Baner 17935.98 17987.88 -0.29 17987.88 -0.29 18715.07 -4.34
Gaj 16556.29 16634.80 -0.47 1538.55 90.71 2886.08 82.57
Khauli 15866.45 15725.30 0.89 15725.30 0.89 14907.12 6.05
Baner 11 1158.94 1189.75 —2.66 1241.92 -7.16 1159.43 -0.04
Iku 11 1192.05 1149.96 3.53 1161.59 2.56 1170.85 1.78
Drinidhar 1158.94 1220.37 -5.30 1223.43 -5.56 1164.71 -0.50
Main inlet Upper Khauli 1192.05 1106.79 7.15 1131.59 5.07 1192.85 -0.07
valve (MIV) Binwa 1379.69 1430.60 —-3.69 1430.60 -3.69 1379.70 0.00
Baner 2649.01 2552.60 3.64 2552.60 3.64 2648.92 0.00
Gaj 8278.15 2329.02 1.53 882.92 89.33 746.53 90.98
Khauli 2345.47 2463.45 —5.03 2463.45 -5.03 2345.27 0.01
Baner I11 2317.88 2472.20 —6.66 2821.75 -21.74 2541.24 -9.64
Iku 11 2384.11 2205.53 7.49 2283.48 4.22 2213.62 7.15
Drinidhar 2483.44 2677.33 -7.81 2697.85 -8.63 2486.81 -0.14
Generator U_pper Khauli 2152.32 1916.29 10.97 2082.45 3.25 2180.60 -1.31
Binwa 3311.26 3424.39 —3.42 3424.39 -3.42 3219.83 2.76
Baner 7174.39 6972.54 2.81 6972.54 2.81 7174.33 0.00
Gaj 23178.81 6466.94 2.35 1739.55 92.50 1446.81 93.76
Khauli 6070.64 6375.19 —5.02 6375.19 -5.02 6070.61 0.00

795



Journal of Advanced Research in Natural and Applied Sciences 2023, Vol. 9, Issue 4, Pages: 788-803

Table 4
Costs and error rates of hydroelectric power plants (continued)

Baner 111 0.00 41.14 0.00 0.00 0.00 0.00 0.00
Iku 11 0.00 -16.78 0.00 0.00 0.00 0.00 0.00
Drinidhar 0.00 85.69 0.00 0.00 0.00 0.00 0.00

Thurst bearing Upper Khauli 0.00 -79.60 0.00 0.00 0.00 0.00 0.00
Binwa 397.35 382.67 3.70 382.67 3.70 397.39 -0.01
Baner 1931.57 1961.62 —-1.56 1961.62 -1.56 1931.67 -0.01
Gaj 6070.64 1649.73 4.89 -387.43 106.38 203.27 96.65
Khauli 1793.60 1831.88 —2.13 1831.88 -2.13 1793.48 0.01
Baner 111 1324.50 1441.22 —8.81 1623.58 -22.58 1524.42 -15.09
Iku 11 1324.50 1302.09 1.69 1342.76 -1.38 1290.29 2.58
Drinidhar 1490.07 1548.24 -3.90 1558.94 -4.62 1489.86 0.01

Governor Upper Khauli 1258.28 1151.19 8.51 1237.88 1.62 1260.34 -0.16
Binwa 1986.75 19309917.8 2.81 1930.99 2.81 1893.00 4.72
Baner 3863.14 3.74 3.18 3740.14 3.18 3864.17 -0.03
Gaj 12130.79 3.49 —-0.60 1072.97 91.15 912.61 92.48
Khauli 3311.26 3.43 —3.54 3428.50 -3.54 3310.95 0.01
Baner 111 927.15 957.51 -3.27 1056.28 -13.93 1015.19 -9.50
Iku 11 927.15 882.16 4.85 904.19 2.48 851.09 8.20
Drinidhar 993.38 1015.48 —2.22 1021.27 -2.81 994.65 -0.13

Oil pressure unit  Upper Khauli  827.81 800.43 3.31 847.38 -2.36 827.80 0.00

(OPU) Binwa 1214.13 1237.24 -1.90 1237.24 -1.90 1214.13 0.00
Baner 2373.07 2303.85 2.92 2303.85 2.92 2371.51 0.07
Gaj 7505.52 2144.98 —-0.03 729.15 90.29 714.97 90.47
Khauli 2069.54 2135.06 -3.17 2135.06 -3.17 2069.54 0.00
Baner 111 1324.50 1420.35 —7.24 1891.77 -42.83 1752.60 -32.32
Iku 11 1059.60 1060.70 -0.10 1165.82 -10.02 899.00 15.16
Drinidhar 1655.63 1697.00 —2.50 1724.67 -4.17 1658.15 -0.15

Control panel Upper Khauli 728.48 670.61 7.94 894.70 -22.82 728.78 -0.04
Binwa 2759.38 2719.28 1.45 2719.28 1.45 2419.38 12.32
Baner 7312.36 7593.06 -3.84 7593.06 -3.84 7861.95 -7.52
Gaj 24834.44 6889.05 291 402.74 98.38 888.00 96.42
Khauli 6898.45 6787.43 1.61 6787.43 1.61 6886.99 0.17
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Table 4
Costs and error rates of hydroelectric power plants (continued)

Baner 111 596.03 636.99 —6.87 532.63 10.64 595.50 0.09
Iku 11 761.59 716.60 591 693.33 8.96 758.75 0.37
Drinidhar 529.80 575.74 —-8.67 569.62 -7.52 631.46 -19.19

Transformer Upper Khauli 827.81 802.95 3.00 753.34 9.00 827.99 -0.02
Binwa 662.25 649.54 1.92 649.54 1.92 662.50 -0.04
Baner 1379.69 1371.21 0.62 1371.21 0.62 1378.13 0.11
Gaj 3863.14 1076.91 2.43 262.07 93.22 470.25 87.83
Khauli 1517.66 1549.54 -2.10 1549.54 -2.10 1517.78 -0.01
Baner 111 2317.88 2313.08 0.21 2283.20 1.50 2202.14 4.99
Iku 11 2384.11 2335.87 2.02 2329.21 2.30 2384.00 0.00
Drinidhar 2185.43 2295.54 -5.04 2293.79 -4.96 2247.06 -2.82

Switchyard Upper Khauli 2483.44 2360.59 4.95 2346.39 5.52 2475.66 0.31
Binwa 2317.88 2408.00 —3.89 2408.00 -3.89 2327.71 -0.42
Baner 3311.26 3162.57 4.49 3162.57 4.49 3312.46 -0.04
Gaj 10485.65 2941.33 1.82 2023.09 80.71 2000.80 80.92
Khauli 3035.32 3213.63 —5.87 3213.63 -5.87 3035.35 0.00
Baner 111 1456.95 1411.05 3.15 1289.29 1151 1255.43 13.83
Iku 11 1655.63 1503.95 9.16 1476.79 10.80 1505.38 9.08
Drinidhar 1192.05 1339.60 -12.38 1332.45 -11.78 1319.88 -10.72

Desilting tank Upper Khauli  1589.40 1604.70 -0.96 1546.82 2.68 1589.45 0.00
Binwa 1324.50 1379.57 -4.16 1379.57 -4.16 1326.25 -0.13
Baner 1986.75 1944.81 2.11 1944.81 2.11 1986.75 0.00
Gaj 6070.64 1670.62 3.68 1065.86 82.44 1073.97 82.31
Khauli 2069.54 2152.89 -4.03 2152.89 -4.03 2069.54 0.00
Baner 111 3642.38 3884.60 -6.65 3424.75 5.98 3476.92 4.54
Iku 11 4304.64 4.24 1.61 4132.88 3.99 3476.92 19.23
Drinidhar 3476.82 3614.74 -3.97 3587.75 -3.19 3476.92 0.00

Power channel Upper Khauli 4768.21 4615.94 3.19 4397.35 7.78 3476.92 27.08
Binwa 3311.26 3130.85 5.45 3130.85 5.45 3476.92 -5.00
Baner 1490.07 1456.50 2.25 1456.50 2.25 3476.92 -133.34
Gaj 4966.89 1373.27 3.23 3850.63 22.47 3476.92 30.00
Khauli 2152.32 2242.35 -4.18 2242.35 -4.18 3476.92 -61.54
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Table 4
Costs and error rates of hydroelectric power plants (continued)

Baner 111 1324.50 1369.87 -343.00 1119.29 15.49 1128.75 14.78
Iku 11 1655.63 1561.04 571 1505.16 9.09 1350.61 18.42
Drinidhar 1125.83 1222.82 -8.61 1208.11 -7.31 1185.83 -5.33

Pentstock Upper Khauli 1821.19 1768.38 2.90 1649.27 9.44 1420.06 22.03
Binwa 1103.75 1121.62 -1.62 1121.62 -1.62 1154.64 -4.61
Baner 1241.72 1184.09 4.64 1184.09 4.64 1319.20 -6.24
Gaj 3311.26 895.03 5.40 1026.41 69.00 1006.66 69.60
Khauli 1517.66 1612.31 -6.24 1612.31 -6.24 1517.80 -0.01
Baner 111 662.25 697.43 -5.31 1034.57 -56.22 889.09 -34.25
Iku 11 450.33 440.23 2.24 51541 -14.45 384.47 14.62
Drinidhar 827.81 895.28 -8.15 915.07 -10.54 832.74 -0.60

Gates Upper Khauli  165.56 161.27 2.59 321.52 -94.20 279.83 -69.02
Binwa 1655.63 1548.43 6.47 1548.43 6.47 1265.06 23.59
Baner 4552.98 4566.33 -0.29 4566.33 -0.29 4553.06 0.00
Gaj 14569.54 4179.75 -0.41 125.55 99.14 412.79 97.17
Khauli 4001.10 3990.19 0.27 3990.20 0.27 4000.84 0.01
Baner 111 1986.75 2140.10 -7.72 2104.01 -5.90 1986.58 0.01
Iku 11 2152.32 2167.63 -0.71 2159.58 -0.34 2152.82 -0.02
Drinidhar 1986.75 2118.92 -6.65 2116.80 -6.55 2059.14 -3.64

Station auxilia- Upper Khauli  2317.88 2197.48 5.19 2180.33 5.93 2315.88 0.09

ries Binwa 2483.44 2273.07 8.47 2273.07 8.47 2232.27 10.11
Baner 3311.26 3294.37 0.51 3294.37 0.51 3309.14 0.06
Gaj 10485.65 2999.67 -0.13 1753.20 83.28 1531.11 85.40
Khauli 3311.26 3356.03 -1.35 3356.03 -1.35 3310.01 0.04
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In this study, a correlation model was developed by examining the maintenance costs of 8 river type SHPPs in
India. For this, realistic maintenance costs and adjusted plant data for the years 2015-2016 were used.
Developed and literature correlation model mean error results are given in Table 5.

Table 5
Error rates of maintenance costs

Max. Error (%) Min. Error (%) Standart Deviation Mean Error
Parameters  (Kumar  Proposed (Kumar Proposed (Kumar Proposed (Kumar  Proposed
etal., Model etal., Model etal., Model etal., Model
2020) 2020) 2020) 2020)
Turbine 11.030 19.013 -47.628 = -32.614 19.508 12.203 27.030 23.998
MIV 5.072 1.779 -7.160 -0.498 1.516 0.658 15.256 11.672

Generator 4.221 7.151 -21.738 -9.636 6.782 3.881 17.698 14.345
Thrust B. 3.695 0.006 -2.135 -0.011 1.106 0.003 14.221 12.084
Governor 3.184 4.719 -22.580 = -15.094 7.536 5.534 16.361 14.386

OPU 2.917 8.203 -13.928 -9.495 4.299 4.315 14.981 13.546
Control P. 1.609 15.157 -42.829 | -32.321 15.370 11.751 23.140 20.513
Tr. 10.637 0.373 -7.516 -19.189 4.127 7.213 16.745 13.457

Switchyard 5.519 4.993 -5.875 -2.820 1.638 1.942 13.654 11.189
D. Tank 11.508 13.832 -11.778 | -10.723 4.407 6.135 16.188 14.509
Power C. 7.778 27.081 -4.183  -133.340 1.857 47.844 6.911 35.092
Penstock 15.493 22.026 -7.309 -6.240 4.365 8.195 15.354 17.627

Gates 6.475 23.590 -94.200 = -69.016 35.686 25.242 35.199 29.907
Station A. 8.471 10.114 -6.546 -3.644 3.324 3.822 14.042 12.422
Mean Error of Absolute Values 17.62 17.48

Considering the 14 different maintenance cost parameters examined in the study, the correlation model was
carried out to give better results than the literature for 12 maintenance costs except the power channel and
penstock cost. In addition, the best error values are shown in green in Table 5. The reason why the correlation
model developed for these two maintenance costs gave worse results is that there is no limitation to the head,
flow and power parameters, which are not discussed in the literature. On the other hand, the developed corre-
lation model gives more realistic results. Although the correlation model developed for the power channel and
penstock cost gives worse results, the total mean error still gives better results than the literature. The main
error results of the correlation model developed and in the literature are given in Figure 4.
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The standard deviation results of the correlation model developed in the literature are given in Figure 5.
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Figure 5. Literature and proposed equation model standard deviation error values

Similarly, when the results of the developed and literature correlation model are examined, the biggest error
rate belongs to Gaj SHPP. Since this error rate is not within the acceptable range, it can be assumed that there
is an error in the data and maintenance costs of this plant.

In this section, a sensitivity analysis was performed. The effect of the parameters in the equation model
proposed for the sensitivity analysis was examined. For this, the changes of the parameters in the proposed
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equation model were examined respectively. In this way, the effect of the parameters on the cost can be seen
clearly. In the proposed equation model, sensitivity analyses for some maintenance costs were examined using
the coefficients in Table 2.
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Figure 6. Sensitivity analysis for turbine cost
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Figure 9. Sensitivity analysis for penstock cost

Sensitivity analysis of turbine maintenance costs is given in Figure 6. According to this; in the literature
correlation, it is seen that the maintenance cost decreases with the increasing flow parameter, but the
maintenance cost increases in the developed correlation. Similarly, the sensitivity analysis of main inlet valve
maintenance costs is given in Figure 7. According to this; In the literature correlation, it is seen that the
maintenance cost decreases with the increasing flow parameter, but the maintenance cost increases in the
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developed correlation. Sensitivity analysis of power channel maintenance costs is given in Figure 8. According
to this; in the literature correlation, it is seen that the maintenance cost decreases with the increasing power
parameter, but the maintenance cost increases in the developed correlation. Similarly, the sensitivity analysis
of penstock maintenance costs is given in Figure 9. According to this; in the literature correlation, it is seen
that the maintenance cost decreases with the increasing power parameter, but the maintenance cost increases
in the developed correlation.

4. Conclusions

Maintenance costs of power plants have a direct impact on the unit production cost of energy. Therefore, it
is important to carry out regular and periodic maintenance in order to reduce the unit cost of energy and
increase the operating life of the power plant. In this study, a realistic correlation model is proposed for
investment costs. The correlation model is proposed with 4 terms and 7 parameters. In the study, model
parameters were determined by using the CEAPSO, which was developed because it has many advantages.

Considering the 14 different maintenance cost parameters examined in the study, a correlation model was
proposed to give better results than the literature for other maintenance costs except the power channel and
penstock cost. With this study, the cost of a SHPP to be maintained can be predicted with high accuracy using
the proposed equation model. Also, in the future, its accuracy can be further improved by adding new SHPP
data to the proposed equation model. The equation model proposed in this study can be improved by adding
different parameters.

The literature of this study;
v Suggesting a more sensitive equation model by adding a new parameter to the correlation model,

v/ Obtaining more realistic results by limiting head, flow and power parameters in the correlation
model,

v’ Suggesting a CEAPSO algorithm to estimate of cost equation parameters

contributions have been made.
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Article History Abstract — In this study, the effects of rotational speed of microwave turntable (0, 6.5, 9.5, and 12.5 rpm) on surface
Received: 05.08.2023 temperature distribution of lemon peels during drying and, on some quality attributes (color, water activity, total

phenolic content (TPC), and volatile organic compounds) of dried lemon peel powders were investigated. The quality
Accepted:  14.09.2023 analyses were also performed in freeze-dried peels. During microwave drying with rotation, speed of turntable
Published:  20.12.2023 affected the surface temperature values and TPC depending on the power level but did not exert a clear effect on the

homogeneity of the surface temperature distribution and the color parameters. The percentage amount of major
Research Article monoterpene hydrocarbons (limonene, y-terpinene, myrcene, p-cymene, and a-p-dimethylstyrene) detected in fresh

lemon peel decreased after microwave and freeze-drying. At 600W, formation of furan compounds (furfural, furfuryl
alcohol, tetrahydrofurfuryl alcohol, 2-acetyl furan, 5-methyl furfural, and HMF) were identified. Microwave drying
without rotation (0 rpm) caused uneven heating which led to the production of peel powders with unacceptable dark
color especially at 450 and 600W. Drying at 600W-0 rpm gave the darkest color, the highest amount of TPC (1730.7
mg GAE/100g d.b.) and furan compounds. Therefore, microwave drying at low power levels with rotation function
preserved the quality of lemon peel powder better.

Keywords —Lemon peel, microwave drying, turntable speed, uniformity, volatile compound, waste utilization

1. Introduction

Citrus peel is the primary by-product of citrus juice processing. Citrus peel is a rich source of valuable
phytochemicals, such as phenolic compounds, carotenoids, dietary fibers, ascorbic acid, and essential oils
(Singh et al., 2020). Since it contains many valuable substances, it may be utilized as a source of healthy and
functional ingredient in food industry. There are various studies in literature where dried powder of citrus by-
products has been used in preparation of various foods like bread, sausage, yogurt, ice cream (Han et al., 2021,
Yi et al., 2014; Crizel et al., 2014; Tomaschunas et al., 2013). Positive results have been obtained from the
incorporation of citrus by-product powders into different food products depending on the dose and properties
of powder. The use of this by-product in food formulations provides economic benefits to food industries
without sacrificing the environment.

The quality of peel powder is important to obtain the desired food characteristics. It is well known that drying
conditions during powder processing greatly influence the physicochemical or nutritional properties of the
final product (Karam et al., 2016). So, the application of proper drying treatment is important to obtain high
quality product while extending its storage life. Various studies have been performed to investigate the effects
of different drying treatments on physicochemical, nutritional, and technological properties of citrus peels.
Drying of citrus peels may promote important modifications affecting phenolic compounds (M’Hiri et al.,

1 ibarutcu@odu.edu.tr
2 sevilaysan1993@gmail.com
*Corresponding Athor

804


https://dergipark.org.tr/en/pub/jarnas/article/1338375
https://dergipark.org.tr/en/pub/comufbed
http://orcid.org/0000-0002-5324-8451
http://orcid.org/0000-0003-2223-0221

Journal of Advanced Research in Natural and Applied Sciences 2023, Vol. 9, Issue 4, Pages: 804-821

2017), induce significant changes in color parameters (Ghanem et al., 2012, 2020) depending on the method
of drying and type of citrus. Drying process was shown to have remarkable effect on the compounds identified
in essential oils extracted from citrus peels (Tekgiil & Baysal, 2018, 2019; Zhang et al., 2018; Farahmandfar
et al., 2020; Kamal et al., 2011).

Microwave drying has been used by some researchers for drying of citrus peels (Ozcan et al., 2020;
Farahmandfar et al., 2019, 2020; Abou Arab et al., 2017; Mahmoud et al., 2015; Ghanem et al., 2012, 2020;
Bejar et al., 2011b; Tekgiil & Baysal, 2018; Tuncer et al., 2020; Assefa & Keum, 2017). During microwave
drying, volumetric heat generation occurs within the product. This offers opportunity of higher drying rate,
especially in the falling rate period compared to traditional drying methods. Microwave power level affects
the rate of drying. The effect of microwave power level was studied by Ghanem et al. (2012, 2020) for lemon
peel, by Bejar et al. (2011b) for orange peel and by Shu et al. (2020) for tangerine peel. They noted that
microwave power level is an important factor influencing dehydration rate and some quality attributes of citrus
peels. While the microwave drying method provides many advantages it also brings some disadvantages when
used alone. The major drawback of using microwave drying alone is the non-uniform heating (Zhang et al.,
2006). The turntable, one of the basic elements of a home type microwave oven, is one of the methods to
increase temperature homogeneity (Geedipalli et al., 2007). To our knowledge, no studies have been conducted
on the effect of rotational rate of the turntable on quality characteristics of a food material. Thus, the objective
of the present study was to investigate the effect of the rotational rate of turntable on uniformity of surface
temperature distribution of lemon peels during microwave drying and some quality properties (color, total
phenolic content, and volatile organic compounds) of lemon peel powder.

2. Materials and Methods

Lemon fruit (Citrus limon (L.) var. Meyer) cultivated in Adana was obtained from a local grocery store in
Giresun, Tiirkiye. Lemon fruits were kept in a refrigerator at 4+0.5°C. Before drying experiments, lemon fruits
were taken out of the refrigerator and left for 2 hours to reach the ambient temperature. The fruits were washed
with tap water and dried with tissue paper. Peels (containing flavedo and albedo) of the fruits were manually
separated and cut into 10 mm-sided square slab shapes (~4 mm thickness).

2.1 Drying Process

The lemon peel samples were dried using a domestic microwave oven (MC32F604TCT, Samsung, Port
Klang, Malaysia). The microwave oven was modified to adjust the speed of the turntable. Lemon peel samples
were spread on a petri dish of 11.5 cm diameter as a single layer, with the albedo tissue at the top. Then, the
petri dish was placed at the centre of the turntable. Microwave drying was performed at power levels of 180W,
300W, 450W, and 600W and at rotational rates of O rpm, 6.5 rpm, 9.5 rpm, and 12.5 rpm. Drying was continued
until reducing moisture content of fresh lemon peel (78.4%) to the final moisture content of about 10% (Tekgtil
& Baysal, 2018). For each drying condition, preliminary experiments were performed to determine the drying
time required to attain final moisture content. After drying, lemon peels were ground (SCM-2934, Sinbo,
Tiirkiye) and sieved (40 mesh sieve) to obtain peel powder.

Freeze drying produces the highest-quality dried foods. Therefore, to have a basis of comparison for the
quality parameters of peel powders, lemon peels were dried also by freeze drying in a lab-scale freeze dryer
(FreeZone 2.5L 7670530, Labconco, Fort Scott, KS, USA, at -50°C and 0.1 mbar vacuum pressure).

2.2 Determination of Moisture Content

The moisture content of lemon peel was determined by drying in an oven at 105 °C to constant weight
(AOAC, 1995).
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2.3 Infrared (IR) Thermal Imaging

Infrared (IR) thermal camera (PTi120, Fluke Corp., Everett, WA, USA) was used to obtain the surface
temperatures of the samples. During drying, the sample was taken out of the microwave-oven at certain
intervals, its thermal image was taken and placed back into the oven. The imaging process was repeated in 3
parallels. The IR images were analyzed using Fluke SmartView 4.4 software program (Everett, WA, USA).

2.4 Color

A colorimeter (Minolta CR-400, Minolta Co. Ltd., Osaka, Japan) was used to determine the L* (lightness-
darkness), a* (redness-greenness), and b* (yellowness-blueness) color parameters of dried peel powders. For
color determination, each drying treatment was replicated nine times and the results were averaged.
The color parameters of a sample were obtained by taking the average of L*, a*, and b* readings
from five different positions on its surface.

2.5 Total Phenolic Content (TPC)

TPC of samples was determined by a modified Folin—Ciocalteu method (Apak et al., 2008). For extraction
of phenolic compounds, 0.5 g of peel powder was mixed with 5 ml of 90% ethanol solution. This mixture was
thoroughly mixed in a shaker (Rocker-shaker MR-12 Biosan, Vetrotecnica, Padova, Italy) at 50 rpm for 60
min. Then, the extracts were centrifuged (D2012 Plus, ISOLAB Laborgerate GmbH, Wertheim, Germany) at
15,000 x g for 10 min. The supernatant was taken and diluted with 90% ethanol solution (1:10). 60 uL of
diluted extract solution was mixed with 3.48mL distilled water and 300 pL of Folin—Ciocalteu reagent (2 N).
After waiting the mixture for 8 min at dark, 900 pl of 20% Na>COssolution was added to it. Then, the mixture
was incubated in a water bath (WSB 18L, Daihan Scientific, Korea) at 40 °C for 30 min. The absorbance was
determined at 760 nm in a spectrophotometer (UV mini-1240, Shimadzu, Kyoto, Japan). Results were
expressed as milligram gallic acid equivalents (mg GAE/100g d.b.).

2.6 Headspace - Solid Phase Microextraction (HS-SPME)

One gram of the finely crushed fresh peel or dried peel powder sample was weighed into a 15ml vial closed
with a PTFE/Silicone septa cap. The samples were placed on the heating block at 60°C and equilibrated for 15
minutes. After equilibration, a carboxen/polydimethylsiloxane (CAR/PDMS) manual fiber (75 pm Fused
Silica, Supelco Ltd., Bellefonte, PA, USA) was inserted into the vial. CAR/PDMS fiber was maintained in the
headspace for 60 min at 60°C for solid-phase microextraction (SPME) of volatile organic compounds (VOCs)
from the sample (Mazi et al., 2019).

2.7 Gas Chromatography — Mass Spectrometry (GC/MS) Analysis

The effect of different drying methods on the VOCs of lemon peel was determined using gas
chromatography/mass spectrometry (GC/MS). The desorption and chromatographic separation of VOCs was
performed in a gas chromatograph (GC) (GC-2010 plus, Shimadzu, Japan) equipped with a mass spectrometry
(MS) detector, and a Restek Rxi-5 MS capillary column (30m x 0.25mm i.d. x 0.25 pm film thickness). The
carrier gas was Helium at a flow rate of 1.44 ml/min; the column temperature program of GC was initially set
at 40°C for 2 min and gradually increased (4°C/min) to 250°C, then kept there for 3 min. The temperatures of
the injector and detector were 250°C. For GC/MS detection, electron ionization (EI) system was used with
ionization energy at 70 eV. VOCs from the samples were identified by comparing their mass fragmentation
pattern with those stored in the mass spectral libraries (NIST, Wiley and FENSC) (Mazi et al., 2019).

2.8 Statistical Analysis

The data represent mean+standard deviation of triplicate determinations unless otherwise specified. The
results were analyzed by analysis of variance (ANOVA) followed by Tukey’s multiple comparison test (p <
.05) (Minitab, version 17).
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3. Results and Discussion

3.1 Surface Temperature Distribution

IR thermal image provides information about the surface temperature distribution. IR thermal images of
lemon peels obtained during microwave drying at 180, 300, 450 and 600W power levels were presented in
Figures 1, 2, 3, and 4, respectively.
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Figure 1. IR thermal images of lemon peels during microwave drying at 180 W and rotational rate of O rpm a),
6.5 rpm b), 9.5 rpm c¢), 12.5 rpm d)
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Figure 2. IR thermal images of lemon peels during microwave drying at 300 W and rotational rate of 0 rpm a),
6.5 rpm b), 9.5 rpm c), 12.5 rpm d)
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As expected, the homogeneity of the temperature distribution during microwave drying without rotation (0
rpm) was lower compared to the microwave drying with rotation irrespective of the power level. During drying
at 0 rpm, surface temperature raised to high levels in a certain region outside the center which caused non
uniformity of temperature distribution in the product and, hence, inhomogeneous drying. In the case of
microwave drying with rotation at high power levels (450, 600W), the surface temperature of samples located
in the intermediate diameter were higher compared to the ones located at other regions. At lower power levels,
microwave drying with rotation provided more uniform temperature distribution. During microwave drying,
the drying time ranged from 32 to 36 min, 16 to 21 min, 9.0 to 11.3 min, and 7.0 to 8.5 min at power levels of
180, 300, 450, and 600 W, respectively. Longer drying time required at lower power levels may allow transfer
of heat by conduction from hot regions to relatively colder regions and consequently formation of more
uniform temperature distribution. Change of turntable rotation speed did not yield a noticeable effect on the
homogeneity of the surface temperature distribution.

@

°C

2 min S min 10 min 12 min
Figure 3. IR thermal images of lemon peels during microwave drying at 450 W and rotational rate of 0 rpm a),
6.5 rpm b), 9.5 rpm c), 12.5 rpm d)
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1 min 2 min 8 min
Figure 4. IR thermal images of lemon peels during microwave drying at 600 W and rotational rate of 0 rpm a),
6.5 rpm b), 9.5 rpm ¢), 12.5 rpm d)

Histograms of the thermal images were obtained using the SmartView (4.4.355.0) program of the Fluke camera
(Figures 5-8). During initial period of microwave drying with rotation, a narrow single peak existed in
histograms, but the number and width of the peaks increased in the later stages of drying process. This shows
that there was a decrease in the homogeneity of the surface temperature distribution during the drying process.
At power levels above 180 W, lower surface temperature values were reached at 9.5 rpm compared to 6.5 and
12.5 rpm rotation speeds at the end of the drying process. On the contrary, at 180 W power level, it was seen
that the temperature values obtained at 9.5 rpm were higher. Acquisition of thermal images was performed in
triplicate for each drying condition. The average of maximum temperature values obtained in samples during
drying was calculated. At the end of the microwave drying without rotation, the maximum temperatures
recorded were 71.4+2.7 °C, 109.7+2.4 °C, 127.6+2.9 °C and 153.5+9.5 °C at power levels of 180, 300, 450
and 600 W, respectively. The maximum temperatures recorded during microwave drying with rotation ranged
between 74.2-82.0 °C, 90.4-103.8 °C, 104.5-116.4 °C, and 114.4-120.1 °C at power levels of 180, 300, 450
and 600 W, respectively. At 180 W power level, the temperature remained below 100 °C during drying. During
microwave drying without rotation, the temperature in certain parts of the samples exceeded 100 °C in
approximately 15 min at 300 W, within the first 10 min at 450 W and within the first 5 min at 600 W.
Occurrence of overheating in these regions caused local burns. Similarly, during microwave drying with
rotation, overheating was observed in certain areas at 450 W and 600 W power levels. The degree of local
burns was less at 9.5 rpm than at 6.5 and 12.5 rpm.
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Figure 5. Histograms obtained from thermal images of lemon peels after 2 min a), 10 min b), 20 min c), and
30 min d) of microwave drying at 180 W
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3.2 Color and Water Activity

The pictures of microwave dried lemon peel powders were given in Figure 9. Lemon peels were dried until
reaching moisture content of 10%. Water activity (aw) of dried powders were given in Table 1. Water activity
of peel powders ranged between 0.528 and 0.545. All ay, values were below 0.6 which is the limit for microbial
growth (Tapia et al., 2020).

Color is one of the most important quality attributes of dried foods. The L*, a, and b* values of peel powders
varied between 42.03-83.66, 10.65-17.29, and 26.86-49.35, respectively (Table 1). The highest L* and the
lowest a* value belonged to the freeze-dried sample. The decrease in L* is generally attributed to the formation
of brown pigments. A lower L* value means darker color. During microwave drying, the occurrence of
Maillard reactions due to high temperatures may contribute to darkening of sample. Freeze dried lemon peel
powder had similar or higher b* values compared to microwave dried ones depending on the microwave drying
conditions. During drying, apart from the Maillard reactions, color of lemon peel is influenced by many factors
such as degradation of carotenes, ascorbic acid oxidation, the removal of water and its replacement with air,
the increase in the dry matter and color substance concentration, and the change of the surface and internal
structure of the material (Pathare et al., 2013). Carotenoids are the primary pigments responsible for the color
of the peel of most mature citrus fruits. The proportion of each carotenoid in peel is the determining factor on
the color of peel. During microwave drying, high temperatures may produce higher degree of deterioration of
color pigments which gave lower b* values. While the temperature is high during microwave drying, the drying
time was very short compared to freeze drying. This may, at least in part, limit the color degradation during
microwave drying.

In general, an increase in power level yielded a reduction in L* and b* values. This may be related with the
higher temperatures reached in samples at higher power levels. Lower b* value indicates lower yellowness.
The reduction in yellowness was attributed to the higher degree of deterioration of color pigments. In a study
searching the effect of drying on total carotenoid content of kinnow peel, Rafiq et al. (2019) detected a decrease
in carotenoid content and yellowness of peel after drying and interpreted that reduction in yellowness of peel
is associated with the degradation of carotenoids. During microwave drying with rotation, 450 and 600 W
provided similar L*, a*, and b* color parameters irrespective of the rate of rotation. Changing the rate of
rotation between 6.5 and 12.5 rpm did not cause a marked influence on color parameters of lemon peel
powders. Microwave drying without rotation created lower L* and b* values compared to microwave drying
with rotation. The effect of rotation function on L* and b* values was notable at high power levels. At 450 and
600 W power levels, microwave drying without rotation caused local temperature rise in sample. At 0 rpm, the
maximum surface temperatures detected at power levels of 450 and 600W was about 128 and 154°C,
respectively. This resulted in local burns within samples and consequently formation of unacceptable dark
powder. Microwave drying at 600 W -0 rpm gave the darkest sample. At 180 W, all lemon peel powder samples
had similar color parameters.
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Figure 9. Microwave dried and freeze-dried lemon peel powders

3.3 Total Phenolic Content (TPC)

TPC of fresh peel was 896.5 mg GAE/100g d.b. TPC of dried lemon peels were presented in Table 1. Total
phenolic content of dried lemon peel samples ranged between 554 and 1731 mg GAE/100 g d.b. TPC of
samples dried by freeze-drying and microwave drying at 180 W were found to be lower when compared to
fresh sample. For citrus peels, a decrease in TPC after drying has been reported by several authors (Bejar et
al., 2011a; Ghanem et al., 2020; Romdhane et al., 2015; Zhang et al., 2018; Li et al., 2020; Assefa & Keum,
2017). In these studies, the reduction level in TPC of citrus peels ranged between 10 and 70%. In our study,
freeze-drying caused 36.8% reduction in TPC and microwave drying at 180 W resulted in a reduction ranging
between 21.6 and 33.7%.

The reduction in TPC with drying has been attributed to various factors such as activation of oxidative
enzymes, thermal degradation of polyphenols, changes in the chemical structures of polyphenols, binding of
polyphenols to proteins and lower extraction yields of phenolics (Deng et al., 2019; Li et al., 2020). Except
180 W, lemon peels subjected to microwave drying had similar or higher TPC compared to fresh peel.
Although most of the studies reported a decrease in TPC of citrus peels, in some cases, depending on the drying
conditions and the type of citrus, an increase in TPC with drying has been detected (Tekgiil & Baysal, 2018,
2019). The release of bound phenolics or some cell wall phenolics due to the high pressure and temperature
generated within the tissue during microwave drying may be a possible reason for the increase in TPC (Ghanem
et al., 2020; Xu et al. 2017). Phenolics are heat sensitive compounds. However, while some phenolic
components are inactivated by heat treatment, some phenolic components are released by the degradation of
the cell wall and matrix, resulting in an increase in TPC content. Ghanem et al. (2020) detected that, the TPC
of lemon peel subjected to microwave drying between power levels of 300 and 600 W degraded following
first-order Kinetics during initial period but increased after a certain period. It is well known that freeze-drying
is an effective method to obtain high quality dried products. However, in this study, freeze-drying did not
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provide the best results in terms of TPC of lemon peel powder. At all conditions, TPC of microwave dried
peels were higher than that of freeze-dried one. This may be at least in part due to the increase in free fraction
of phenolic acids. Hayat et al. (2010) subjected the mandarin peel powders to microwave treatment and
observed an increase in the contents of free phenolic acid, flavanol, flavanone, flavonol compounds but a
decrease in bound phenolic acid content. This study’s finding agrees with those obtained by Chen et al. (2011)
who showed that drying of the orange peel over 70 °C provided higher TPC compared to the freeze-drying and
by Papoutsis et al. (2017) who found higher TPC in hot air dried (70-110 °C) lemon peels compared to freeze-
dried one. They attributed this to the release of some bound phenolics and the decrease of the polyphenol
oxidase enzyme by the heating effect.

Table 1
Water activity (aw), color parameters, and total phenolic content (TPC) of lemon peels

Drying treatment Color TPC

Power Rate of rotation aw L ax b* (mg GAE/100g d.b.)
(rpm)

Freeze-drying 0.528 £0.000¢" 83.66+1.382% 10.65+0.80F 46.77 £2.9] abcd 566.30 £29.21

0 0.538 0.003 *@  76.33 £0.95% 13.64+£1.20%  46.5243.23 3bcdefy 675.01 £16.14
6.5 0.535+0.000%  77.42+0.77° 13.82+0.91% 4896+2.10° 703.22+ 104"
10w 9.5 0.539+0.003 3@ 77.70 £ 1.08®  13.88+0.74 b 4935417472 594.60 +29.8 4
12.5 0.542+0.002 @4 77,50 £ 0.87° 14.04+1.19 %% 49,01 +£2.29°2 670.29 £ 8.2
0 0.53540.002 %  63.35+3.579 1635+0.91%  41.70 + 4.36 bedef 1101.07+11.4%
6.5 0.537£0.001 ©  7225+2.78¢ 15.57£1.57 %%  47.76 +3.86 3¢ 878.00 £ 17.4 9"
300w 9.5 0.538 £0.003 P 72,68 £2.94¢  15.49+1.64 ¢ 48,12 +£4.26 % 841.80 £25.7"
12.5 0.538 £0.001 2 71.61+£2.52¢ 16.11£1.51 4 46,97+3.83 abcdefy 967.30+41.07
0 0.540+0.001 34 48.37+3.69¢ 15.39+£1.77 ¥  31.30+2.66" 1105.00 + 54.4 ¢
6.5 0.539£0.001 @4 64,02 +4.109 16.32+1.05%°  40.48 +4.51 1189.80 +29.3 <
oW 9.5 0.543 £0.001 % 62.33+£2.859 17.17+0.94°2 41.42 £4.01 %fo 1060.30 + 94.5 ©f
12.5 0.537 +0.003 °¢  61.58+3.70¢9 17.17+1.05°2 41.78 +4.9] bedefy 1115.00 + 60.8 %
0 0.541+0.003 8cd 4203 +£2.76F 12.71+1.43¢ 26.86+£421" 1730.71£129°2
6.5 0.543 £0.000 % 60.29+3.21¢9 17.05+0.82°2 41.06 +4.851 1402.90 £29.9°
oW 9.5 0.546 +£0.001 @ 62.10+2.869 17.11+0.812 41.11+4.74 9 1152.10+42.9 9%
12.5 0.544 £0.001®  61.35+3.459 17.29+0.64° 41.56 + 4,10 cdefo 1261.40+£24.1°¢

*Means + standard deviation within a column followed by different letters is significantly different (p <0.05)

TPC of the samples increased with increasing power level. Ghanem et al. (2012) and Bejar et al. (2011b) also
observed similar trend during microwave drying of orange peel. This is probably due to the higher temperatures
reached in sample during drying at higher power levels (Table 1). The highest TPC (1730.71£12.9 mg
GAE/100 g d.b.) belonged to the sample undergoing microwave drying without rotation (0 rpm) at 600 W. It
was seen that the maximum surface temperature recorded under this drying condition was quite high (150 °C).
Several researchers subjected the citrus peels to elevated drying temperatures and noted similar findings.
Papoutsis et al. (2017) detected higher TPC in lemon peels subjected to hot air and vacuum drying treatments
at 110 °C compared to the ones dried at 70 °C. In their study, increasing drying temperature provided
significant increase in gallic acid content. Chen et al. (2011) dried orange peels in an oven at different
temperatures ranging between 50 and 100 °C and obtained the highest flavonoid and phenolic acid contents in
the peels dried at 100 °C. For 300 and 600 W, the highest TPC was determined at 0 rpm. The sample dried at
600 W-0rpm conditions was found to have the highest TPC content among all samples. This was attributed to
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the respectively higher temperatures reached in this sample under these drying conditions. According to the
Tukey's pairwise comparison test, the group average obtained at O rpm rotational speed was the highest and
that obtained at 9.5 rpm was the lowest. Considering the surface temperatures, it was seen that, at 0 rpm, the
temperature rises to relatively higher values due to local overheating and the surface temperature values
obtained at 9.5 rpm are lower compared to those obtained at 6.5 and 12.5 rpm.

3.4 Volatile Organic Compounds

The list of volatile compounds in lemon peel and their percentages were given in Table 2. A total of 65
volatile compound was detected in fresh lemon peel. The major volatile compounds in fresh peel were
limonene (57.91%), y-terpinene (6.40%), myrcene (5.59%), p-cymene (3.52%), and a-p-dimethylstyrene
(3.45%) which are monoterpene hydrocarbons. Thymol, a monoterpene phenol, was another main compound
identified in lemon peel, with percentage of 2.58%. Drying process caused a decrease in percentage amount of
these major monoterpene hydrocarbons. The percentage amount of limonene dropped to 34.9 % after freeze
drying and to a value ranging between 25.55% and 35.10% after microwave drying. Previous studies showed
that, the effect of drying treatment on volatile components varies depending on the method of drying
(Farahmandfar et al., 2020) and citrus species (Kamal et al., 2011).

In general, the rate of rotation did not exert a clear effect on the amount of major monoterpene hydrocarbons
detected in lemon peel. Depending on the power level and rotation function, microwave drying caused
appearance of some derivatives of furan compounds (furfural, furfuryl alcohol, tetrahydrofurfuryl alcohol, 2-
acetyl furan, 5-methyl furfural, and hydroxy methyl furfural (HMF)). Of these compounds, furfuryl alcohol is
classified as Group 2B (possibly carcinogenic to humans) by International Agency for Research on Cancer
(IARC, 2019). In the samples dried at 600W, all these compounds existed. In the samples dried at 180 W
power level with rotation, formation of furfural, 2-acetyl furan, and 5-methyl furfural was observed but in a
lower level compared to 600 W. Microwave drying at 600 W without rotation (0 rpm) caused also appearance
of 3-furfural. Furan and its derivatives were identified in a variety of heat-treated foods through various
mechanisms. Akyildiz et al. (2021) detected formation of furfural and HMF in orange juice subjected to
thermal treatment (70-90 °C). Lemon peel contains soluble sugars (glucose, sucrose, fructose, raffinose) and
ascorbic acid (Aung et al., 1998). Thus, during drying, derivatives of furan compounds in lemon peel may be
formed by Maillard reaction or ascorbic acid degradation. In a study, Randhawa et al., (2020) recorded
formation of furfuraldehydes (HMF, 2-furfural, 5-methyl furfural) during storage of orange juice at different
temperatures (0-40 °C). They noted a significant correlation between vitamin C loss and HMF accumulation
in orange juice during storage and stated that the formation of HMF is mainly due to the ascorbic acid
degradation. Garcia-Salas et al., (2013) detected formation of HMF and furfural in freeze-dried and vacuum-
dried whole lemon powder. In our study, freeze-dried lemon peel powder contained furfural (0.07 %) but not
HMF. Total amount of furan derivates identified in peels dried at O rpm, 6.5 rpm, 9.5 rpm, and 12.5 rpm was
7.683%, 5.048%, 4.071%, and 4.714%, respectively at 600 W and 0.745 %, 0.402 %, 0.484 %, and 0.737 %,
respectively at 180 W. Caramelization, which requires high temperature and sugar, may also lead the formation
of furfural and HMF (Agcam, 2022). This might contribute to the comparatively higher level of furfural
obtained at 600 W.
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Table 2
Percentage composition (%) of volatile compounds in fresh and dried lemon peels
Peak : MD at 180W MD at 600W
No RT(min) Compound Name CAS # Fresh FD 0 65 95 125 0 65 95 125
rpm__ rpm__ rpm__ rpm___ rpm__ rpm___ rpm___ rpm
1 4977 Capronaldehyde 66-25-1 0.20 0.13 0.02 0.02 0.02 0.02 - 0.01 0.01 0.01
2 5.788 3-Furfural 498-60-2 - - - - - - 0.28 - - -
3 5.884 Furfural 98-1-1 - 0.07 0.48 0.27 0.35 0.57 471 3.53 2.83 3.56
4 6.497 E-2-Hexenal 6728-26-3 0.85 1.03 - - - - - - - -
5 6.630 Furfuryl alcohol 98-0-0 - - 0.07 - - - 0.61 0.54 0.45 0.34
6 7.550 Tetrahydrofurfuryl alcohol ~ 97-99-4 - - 0.01 - - - 0.14 0.08 0.08 0.10
7 7.769 Styrene 100-42-5 0.02 0.04 0.06 0.07 0.08 0.09 0.06 0.06 0.08 0.08
8 8.497 2-acetyl Furan 1192-62-7 = = 0.08 0.04 0.05 0.07 0.17 0.17 0.15 0.17
9 9.095 a- Thujene 2867-5-2 0.32 0.11 0.08 0.07 0.09 0.08 0.09 0.09 0.08 0.10
10 9.323 a- Pinene 80-56-8 1.23 0.32 0.24 0.22 0.25 0.25 0.30 0.26 0.27 0.29
11 10.173 E-Hept-2-enal 18829-55-5 - - 0.02 0.01 0.01 0.01 0.03 0.09 0.10 0.09
12 10.282 Benzaldehyde 100-52-7 1.04 0.36 0.47 0.54 0.42 0.37 0.21 0.31 0.29 0.32
13 10.431 5-methyl Furfural 620-2-0 - - 0.10 0.09 0.09 0.09 1.48 0.60 0.47 0.45
14 10.839 Sabinene 3387-41-5 0.20 0.08 0.06 0.05 0.06 0.06 0.08 0.05 0.05 0.07
15 10.933 B- Pinene 127-91-3 0.77 0.24 0.23 0.21 0.24 0.24 0.33 0.22 0.25 0.25
16 11.563 Myrcene 123-35-3 5.59 1.35 0.97 0.80 0.84 0.95 1.07 0.95 0.89 1.26
17 12.019 a- Phellandrene 99-83-2 0.25 0.06 0.07 0.06 0.10 0.06 0.05 0.05 0.05 0.05
18 12.507 a- Terpinene 99-86-5 0.40 0.16 0.15 0.14 0.14 0.15 0.14 0.14 0.13 0.15
19 12.817 p- Cymene 99-87-6 3.52 0.96 0.94 0.80 0.84 0.94 1.03 0.92 0.84 0.86
20 13.039 Limonene 138-86-3 5791 34.90 3272 2555 29.88 3153 34.78 3355 31.10 35.10
21 13.101 Eucalyptol 470-82-6 1.28 0.27 0.38 0.34 0.27 0.27 0.36 0.28 0.28 0.26
22 13.394 (2)-. B- Ocimene 3338-55-4 0.49 0.07 0.12 0.08 0.07 0.08 0.11 0.13 0.09 0.10
23 13.791 (E)-. B- Ocimene 3779-61-1 0.56 0.14 0.20 0.18 0.20 0.18 0.16 0.18 0.16 0.16
24 14.182 y- Terpinene 99-85-4 6.40 4.23 5.23 4.20 4.55 5.04 4.66 5.05 4.60 4.85
25 15.354 a- p- Dimethylstyrene 1195-32-0 3.45 1.84 2.76 243 241 2.63 2.02 2.60 2.29 2.06
26 15.787 Linalool 78-70-6 0.51 0.86 0.91 0.87 0.95 0.85 0.46 0.51 0.56 0.62
27 15.957 Pelargonaldehyde 124-19-6 0.25 0.16 0.21 0.20 021 0.20 0.12 0.17 0.17 0.16
28 16.231 Phenethyl alcohol 60-12-8 0.03 0.04 0.05 0.04 0.04 0.05 0.04 0.05 0.04 0.04
29 17.325 trans-3-Caren-2-ol 0-0-0 0.11 0.22 0.44 0.35 0.39 0.41 0.42 0.64 0.56 0.48
30 17.844 Isopulegol 89-79-2 0.56 1.07 1.65 1.22 151 1.50 1.15 1.37 1.43 1.30
31 18.757 Terpinen-4-ol 562-74-3 0.15 0.15 0.21 0.20 0.22 0.21 0.14 0.20 0.18 0.18
32 19.271 a- Terpineol 98-55-5 0.26 1.12 0.85 0.86 0.96 0.86 0.46 0.53 0.54 0.63
33 19.476 Dihydrocarveol 38049-26-2 0.05 0.12 0.21 0.18 0.21 0.20 0.11 0.18 0.18 0.15
34 19.601 v- Terpineol 586-81-2 0.34 0.98 1.81 1.47 1.69 1.56 0.86 1.43 1.45 1.27
35 19.825 Capraldehyde 112-31-2 0.16 0.21 0.31 0.29 0.32 0.29 0.23 0.29 0.29 0.26
36 20.192 Linalyl formate 115-99-1 0.09 0.15 0.23 0.24 0.24 0.24 0.31 0.20 0.21 0.15
37 20.279 Nona-2(E).4(E)-dienal 5910-87-2 0.08 0.19 0.20 0.20 0.21 0.20 0.33 0.29 0.26 0.22
38 20570  Hydroxy methyl furfural  67-47-0 . . . . = . 030 012 008 008
39 20.676 L- Citronellol 7540-51-4 0.24 0.62 0.45 0.40 0.43 0.43 0.53 0.56 0.52 0.64
40 20.921 Methylthymol 1076-56-8 0.51 0.69 0.98 0.88 0.98 0.91 0.68 0.81 0.85 0.72
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Table 2 (Continued)
Peak _ MD at 180W MD at 600W
No RT(min) Compound Name CAS # Fresh FD 0 65 95 125 0 65 95 125
rpm_ rpm_ rpm__ rpm__ rpm__ rpm___ rpm__ rpm
41 21.133 Neral 106-26-3 0.13 0.29 0.41 0.35 041 0.37 0.25 0.34 0.35 0.35
42 21.238  Carvone 99-49-0 0.04 012 008 0.07 008 0.07 0.07 008 0.07 0.8
43 21.634  Geraniol 106-24-1 0.04 013 006 004 006 005 005 005 005 0.06
44 21.873  (E)-2- Decenal 3913-81-3 001 003 006 005 005 006 005 0.07 0.07 0.06
45 22215  Geranial 141-27-5 032 104 099 093 101 091 062 074 079 080
46 22.342  Perillaldehyde 2111-75-3 0.08 064 027 027 028 024 019 020 022 019
47 23.014 Thymol 89-83-8 2.58 8.58 6.61 6.85 6.80 6.33 4.79 5.44 5.10 6.05
48 23,525  Undecanal 112-44-7 013 035 038 041 042 039 032 036 035 035
49 23.753  4-vinyl Guaiacol 7786-61-0 - 0.01 007 004 003 005 059 087 068 056
50 24.658 - Elemene 20307-84-0 010 044 047 063 055 056 052 052 061 057
51 25.082  o- Cubebene 17699-14-8 007 018 026 031 029 026 037 025 029 025
52 25.136  Citronellyl acetate 150-84-5 0.08 035 037 035 038 037 027 032 035 027
53 25526 Neryl acetate 141-12-8 019 083 098 100 104 094 075 079 08 0.76
54 26.002  o- Copaene 3856-25-5 017 049 049 056 055 051 044 044 052 046
55 26.178  Geranyl acetate 105-87-3 003 013 013 013 014 013 011 012 012 0.0
56 26.559  B- Elemene 33380-83-9 136 478 494 605 537 549 620 6.05 6.72 6.06
57 27.128  B- Caryophyllene 87-44-5 004 025 037 043 040 038 031 033 034 028
58 27.313  o- Cedrene 469-61-4 0.07 028 032 039 036 033 027 027 032 027
59 27.496  B- Cedrene 546-28-1 072 206 197 232 223 212 167 175 206 191
60 28.001 o-trans- Bergamotene 64727-43-1 1.10 3.78 4.27 5.04 478 4.44 3.50 3.75 4.22 3.65
61 28.640 (E)- B- Farnesene 18794-84-8 0.73 5.50 5.27 6.73 5.97 5.61 457 4.87 5.29 4.47
62 28.812 B-Santalene 511-59-1 0.08 0.23 0.23 0.36 0.26 0.25 0.21 0.17 0.27 0.19
63 28.922 Cadina-1(6).4-diene 20085-11-4 0.06 0.20 0.22 0.35 0.23 0.24 0.29 0.17 0.29 0.18
64 29.531 Germacrene D 105453-16-5 0.68 3.93 4.71 5.81 5.26 4.84 2.61 4,16 4.85 457
65 29.700  B- Selinene 17066-67-0 038 079 073 113 082 083 104 057 075 051
66 29.989 - Bulnesene 3691-11-0 082 141 122 208 145 172 225 104 145 0.89
67 30.146 Bicyclogermacrene 24703-35-3 0.16 080 0.79 1.13 0.89 0.84 0.71 0.67 0.84 0.67
68 30.358  B-Bisabolene 495-61-4 155 790 785 1038 882 833 612 693 766 6.39
69 30.573 - Cadinene 39029-41-9 007 020 023 032 026 026 033 021 024 021
70 30.717  B- Sesquiphellandrene 20307-83-9 0.04 009 010 015 012 012 012 0.08 0.09 0.8
71 30.845 8- Cadinene 483-76-1 0.26 0.88 0.85 1.20 0.96 0.95 1.01 0.81 0.90 0.80
72 31.298 Lilial 80-54-6 0.03 005 005 009 006 008 012 0.07 0.08 0.06
73 31.404 Neryl butyrate 999-40-6 0.02 0.15 0.13 0.22 0.16 0.17 0.13 0.14 0.17 0.13
74 31.941 Germacrene B 15423-57-1 0.04 0.20 0.17 0.26 0.21 0.20 0.13 0.16 0.19 0.18

Abbreviations: -, not detected; RT,Retention time; FD, Freeze drying; MD, microwave drying. Major volatile compounds were shown in bold text

4, Conclusion

During microwave drying, application of rotation function or the change in rotational speed of turntable did
not create a clear influence on homogeneity of surface temperature distribution, color and TPC of lemon peels
at 180W. However, at 450 and 600 W, microwave drying without rotation (0 rpm) caused localized overheating
which led to the production of peel powders with unacceptable dark color. The maximum temperatures
recorded on the surface of the peels during microwave drying, except at 180W, was slightly lower at 9.5 rpm
compared to 6.5 and 12.5 rpm. At these power levels, variation in rotational speed of turntable significantly
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affected the TPC of lemon peel powders. Freeze-dried peel and peels dried by microwave drying at 180 W had
lower TPC while those dried at 450 and 600W had higher TPC compared to fresh peel. Drying caused loss of
main volatile compounds detected in fresh peel and formation of some furan compounds depending on the
drying conditions. Formation of furfuryl alcohol which is possibly carcinogenic to humans was detected in
peels dried at 600W irrespective of speed of rotation and at a relatively lower level in the peel dried at 180W
without rotation but not in other samples. Lemon peel powder dried at 600W contained higher percentage
concentration of total furan compounds compared to ones dried at 180W. Results showed that good quality
lemon peel powder may be produced by microwave drying with rotation at low power levels.

Acknowledgement
This study was funded by Ordu University (B 2127).

Author Contributions
Sevilay San: Collected data and performed the analysis.

Isil Barut¢u Mazi: Planned the study, performed statistical analysis, and wrote the paper.

Conflicts of Interest
The authors declare no conflict of interest.
References

Abou-Arab, E. A., Mahmoud, M. H., & Abu-Salem, F. M. (2017). Functional properties of citrus peel as
affected by drying methods. American Journal of Food Technology, 12, 193-200. DOI:
https://doi.org/10.3923/ajft.2017.193.200

Agcam, E. (2022). A kinetic approach to explain hydroxymethylfurfural and furfural formations induced by
Maillard, caramelization, and ascorbic acid degradation reactions in fruit juice-based mediums. Food
Analytical Methods, 15, 1286-1299

Akyildiz, A., Simsek Mertoglu, T., & Agcam, E. (2021). Kinetic study for ascorbic acid degradation,
hydroxymethylfurfural and furfural formations in orange juice. Journal of Food Composition and
Analysis, 102, 103996. DOI: https://doi.org/10.1016/j.jfca.2021.103996

AOAC (1995). Official methods of analysis. Washington, DC, USA: Association of Official Analytical
Chemists

Apak, R., Giiclii, K., Ozyiirek, M., & Celik, S. E. (2008). Mechanism of antioxidant capacity assays and the
CUPRAC (cupric ion reducing antioxidant capacity) assay. Microchimica Acta, 160, 413-419. DOI:
https://doi.org/10.1007/s00604-007-0777-0

Assefa, A. D., & Keum, Y. S. (2017). Effect of extraction solvent and various drying methods on polyphenol
content and antioxidant activities of yuzu (Citrus junos Sieb ex Tanaka). Journal of Food Measurement
and Characterization, 11, 576-585. DOI: https://doi.org/10.1007/s11694-016-9425-x

Aung, L. H., Obenland, D. M., & Houck, L. G. (1998). Conditioning and heat treatments influence flavedo
soluble sugars of lemon. Journal of Horticultural Science & Biotechnology, 73, 399-440.

Bejar, A. K., Ghanem, N., Mihoubi, D., Kechaou, N., & Mihoubi, N. B. (2011a). Effect of infrared drying on
drying Kinetics, color, total phenols and water and oil holding capacities of orange (Citrus sinensis) peel
and leaves. International Journal of Food Engineering, 7, 5. DOI: https://doi.org/10.2202/1556-
3758.2222

Bejar, A. K., Kechaou, N., & Mihoubi, N. B. (2011b). Effect of microwave treatment on physical and
functional properties of orange (Citrus sinensis) peel and leaves. Journal of Food Processing and
Technology, 2, 109. DOI: https://doi.org/10.4172/2157-7110.1000109

Chen M. L., Yang, D. J., & Liu, S. C. (2011). Effects of drying temperature on the flavonoid, phenolic acid
and antioxidative capacities of the methanol extract of citrus fruit (Citrus sinensis (L.) Osbeck) peels.
International Journal of Food Science and Technology, 46, 1179-1185. DOI:
https://doi.org/10.1111/j.1365-2621.2011.02605.x

818



Journal of Advanced Research in Natural and Applied Sciences 2023, Vol. 9, Issue 4, Pages: 804-821

Crizel, T. D. M., Araujo, R. R. D., Rios, A. D. O., Rech, R., & Flores, S. H. (2014). Orange fiber as a novel
fat replacer in lemon ice cream. Food Science and Technology (Campinas), 34, 332-340 DOI:
https://doi.org/10.1590/fst.2014.0057

Deng, L. Z., Mujumdar, A. S., Yang, W. X,, Zhang, Q., Zheng, Z. A., Wu, M., & Xiao, H. W. (2019). Hot air
impingement drying kinetics and quality attributes of orange peel. Journal of Food Processing and
Preservation, 44, e14294. DOI: https://doi.org/10.1111/jfpp.14294

Farahmandfar, R., Tirgarian, B., Dehghan, B., & Nemati, A. (2019). Comparison of different drying methods
on bitter orange (Citrus aurantium L.) peel waste: Changes in physical (density and color) and essential
oil (yield, composition, antioxidant and antibacterial) properties of powders. Journal of Food
Measurement and Characterization, 14, 862-75. DOI: https://doi.org/10.1007/s11694-019-00334-x

Farahmandfar, R., Tirgarian, B., Dehghan, B., & Nemati, A. (2020). Changes in chemical composition and
biological activity of essential oil from Thomson Navel orange (Citrus sinensis L. Osbeck) peel under
freezing, convective, vacuum, and microwave drying methods. Food Science and Nutrition, 8, 124-138.
DOI: https://doi.org/10.1002/fsn3.1279

Garcia-Salas, P., Gomez-Caravaca, A. M., Arraez-Roman, D., Segura-Carretero, A., Guerra-Hernandez, E.,
Garcia-Villanova, B., & Fernandez-Gutiérrez, A. (2013). Influence of technological processes on
phenolic compounds, organic acids, furanic derivatives, and antioxidant activity of whole-lemon
powder. Food Chemistry,141, 869-878.

Geedipalli, S. S. R., Rakesh, V., & Datta, A. K. (2007). Modeling the heating uniformity contributed by a
rotating turntable in microwave ovens. Journal of Food Engineering, 82, 359-368. DOI:
https://doi.org/10.1016/j.jfoodeng.2007.02.050

Ghanem, N., Mihoubi, D., Bonazzi, C., Kechaou, N., & Boudhrioua, N. (2020). Drying characteristics of
lemon by-product (Citrus limon. v. lunari): Effects of drying modes on quality attributes kinetics. Waste
Biomass Valorization, 11, 303-22. DOI: https://doi.org/10.1007/s12649-018-0381-z

Ghanem, N., Mihoubi, D., Kechaou, N., & Mihoubi, N. B. (2012). Microwave dehydration of three citrus peel
cultivars: Effect on water and oil retention capacities, color, shrinkage, and total phenols content.
Industrial Crops and Products, 40, 167-77. DOI: https://doi.org/10.1016/j.indcrop.2012.03.009

Han, L., Zhang, J. & Cao, X. (2021). Effects of orange peel powder on rheological properties of wheat dough
and bread aging. Food Science and Nutrition, 9, 1061-1069. DOI: https://doi.org/10.1002/fsn3.2080

Hayat, K., Zhang, X. M., Chen, H. Q., Xia, S. Q., Jia, C. S., & Zhong, F. (2010). Liberation and separation of
phenolic compounds from citrus mandarin peels by microwave heating and its effect on antioxidant
activity. Separation and Purification Technology, 73, 371-376. DOLl:
https://doi.org/10.1016/j.seppur.2010.04.026.

IARC (2019). IARC working group on the evaluation of carcinogenic risks to humans. Some chemicals that
cause tumours of the urinary tract in rodents. Available at: www.ncbi.nlm.nih.gov/books/NBK546924/
(accessed 08 March 2023).

Kamal, G. M., Anwar, F., Hussain, A. I., Sarri, N., & Ashraf, M. Y. (2011). Yield and chemical composition
of citrus essential oils as affected by drying pretreatment of peels. International Food Research Journal,
18, 1275-1282.

Karam, M. C., Petit, J., Zimmer, D., Djantou, E. B., & Scher, J. (2016). Effects of drying and grinding in
production of fruit and vegetable powders: A review. Journal of Food Engineering, 188, 32-49. DOI:
https://doi.org/10.1016/j.jfoodeng.2016.05.001

Li, W.F., Li, Y. H., Bi, J., Ji, Q., Zhao, X., Zheng, Q. R., Tan, S., & Gao, X. X. (2020). Effect of hot air drying
on the polyphenol profile of Hongjv (Citrus reticulata Blanco, cv. Hongjv) peel: A multivariate analysis.
Journal of Food Biochemistry, 44: e13174. DOI: https://doi.org/10.1111/jfbc.13174

Mahmoud, M. H., Abou-Arab, A. A., & Abu-Salem, F. M. (2015). Effect of some different drying methods on
the chemical analysis of citrus by-products. Research Journal of Pharmaceutical, Biological and
Chemical Sciences, 6, 105-16.

Mazi, B. G., Kog Giiler, S., & Bostan, S. Z. (2019). Post-harvest ripening of Kiwifruit: changes in volatile
compound profile. In: Third international conference on agriculture, food, veterinary and pharmacy
sciences (ICAFOP)(pp. 1574-1582).Trabzon, Turkey.

819



Journal of Advanced Research in Natural and Applied Sciences 2023, Vol. 9, Issue 4, Pages: 804-821

M'hiri, N., loannou, ., Ghoul, M., & Boudhrioua, N. M. (2017). Phytochemical characteristics of citrus peel
and effect of conventional and nonconventional processing on phenolic compounds: A review. Food
Reviews International, 33, 587-619. DOI: https://doi.org/10.1080/87559129.2016.1196489

Ozcan, M. M., Ghafoor, K., Al Juhaimi, F., Uslu, N., Babiker, E. E., Ahmed, I. A. M., & Almusallam, I. A.
(2020). Influence of drying techniques on bioactive properties, phenolic compounds and fatty acid
compositions of dried lemon and orange peel powders. Journal of Food Science and Technology, 58,
147-58. DOI: https://doi.org/10.1007/s13197-020-04524-0

Papoutsis, K., Pristijono, P., Golding, J. B., Stathopoulos, C. E., Bowyer, M. C., Scarlett, C. J., & Vuong, Q.
V. (2017). Effect of vacuum-drying, hot air-drying and freeze-drying on polyphenols and antioxidant
capacity of lemon (Citrus limon) pomace aqueous extracts. International Journal of Food Science and
Technology, 52, 880-887. DOI: https://doi.org/10.1111/ijfs.13351

Pathare, P. B., Opara, U. L., & Al-Said, F. A. (2013). Colour measurement and analysis in fresh and processed
foods. Food Bioprocess Technology, 6, 36-60. DOI: https://doi.org/10.1007/s11947-012-0867-9.

Rafiqg, S., Singh, B., & Gat, Y. (2019). Effect of different drying techniques on chemical composition, color,
and antioxidant properties of kinnow (Citrus reticulata) peel. Journal of Food Science and Technology,
56, 2458-2466. DOI: https://doi.org/10.1007/s13197-019-03722-9

Randhawa, M. A., Javed, M. S., Ahmad, Z., Amjad, A., Khan, A. A, Shah, F. U. H., & Filza, F. (2020).
Amassing of hydroxymethylfurfural, 2-furfural and 5-methyl furfural in orange (Citrus reticulata) juice
during storage. Food Science and Technology, 40, 382-386. DOI: https://doi.org/10.1590/fst.41718

Romdhane, N. G., Bonazzi, C., Kechaou, N., & Mihoubi, N. B. (2015). Effect of air-drying temperature on
kinetics of quality attributes of lemon (Citrus limon cv. lunari) peels. Drying Technology, 33, 1581-89.
DOI: https://doi.org/10.1080/07373937.2015.1012266

Shu, B., Wu, G. X., Wang, Z. N., Wang, J. N., Huang, F., Dong, L. H., Zhang, R. F., Wang, Y., & Su, D. X.
(2020). The effect of microwave vacuum drying process on citrus: drying Kinetics, physicochemical
composition, and antioxidant activity of dried citrus (Citrus reticulata Blanco) peel. Journal of Food
Measurement and Characterization, 14, 2443-52. DOI: https://doi.org/10.1007/s11694-020-00492-3

Singh, B., Singh, J. P., Kaur, A., & Singh, N. (2020). Phenolic composition, antioxidant potential and health
benefits  of citrus peel. Food Research International, 132, 109114. DOI:
https://doi.org/10.1016/j.foodres.2020.109114

Tapia, M. S., Alzamora, S. M., & Chirife, J. (2020). Effects of water activity (aw) on microbial stability as a
hurdle in food preservation. In G. V. Barbosa-Canovas, A. J. Fontana, S. J. Schmidt, & T. P. Labuza
(Eds.), Water Activity in Foods: Fundamentals and Applications (pp. 323-355). Hoboken, NJ: John
Wiley & Sons. DOI: https://doi.org/10.1002/9781118765982.ch14

Tekgiil, Y., & Baysal, T. (2018). Comparative evaluation of quality properties and volatile profiles of lemon
peels subjected to different drying techniques. Journal of Food Process Engineering, 41, €12902. DOI:
https://doi.org/10.1111/jfpe.12902

Tekgiil, Y., & Baysal, T. (2019). Optimization of process conditions for vacuum microwave drying of lemon
peel by response surface methodology: quality characteristics and volatile compounds. Journal of Food
Process Engineering, 42, €13080. DOI: https://doi.org/10.1111/jfpe.13080

Tomaschunas, M., Zor, R., Fischer, J., Kohn, E., Hinrichs, J., & Busch-Stockfisch, M. (2013). Changes in
sensory properties and consumer acceptance of reduced fat pork Lyon-style and liver sausages
containing inulin and citrus fiber as fat replacers. Meat Science, 95, 629-640. DOI:
https://doi.org/10.1016/j.meatsci.2013.06.002

Tuncer, A. D., Giiler, H. O., & Usta, H. (2020). Modeling of drying characteristics of pomelo (Citrus maxima)
peel.  El-Cezeri  Journal of Science and  Engineering, 7, 198-210. DOI:
https://doi.org/10.31202/ecjse.616497

Xu, M. Y., Tian, G. F., Zhao, C. Y., Ahmad, A., Zhang, H. J., Bi, J. F., Xiao, H., & Zheng, J. K. (2017).
Infrared drying as a quick preparation method for dried tangerine peel. International Journal of
Analytical Chemistry, 6254793. DOI: https://doi.org/10.1155/2017/6254793

Yi, T., Huang, X., Pan, S., & Wang, L. (2014). Physicochemical and functional properties of micronized
jincheng orange by-products (Citrus sinensis Osbeck) dietary fiber and its application as a fat replacer

820


https://apps.webofknowledge.com/OutboundService.do?SID=C4iLf7YggNC7Eln9wQ2&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=6013408
https://apps.webofknowledge.com/OutboundService.do?SID=C4iLf7YggNC7Eln9wQ2&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=3389152
https://apps.webofknowledge.com/OutboundService.do?SID=C4iLf7YggNC7Eln9wQ2&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=3389152
https://apps.webofknowledge.com/OutboundService.do?SID=C4iLf7YggNC7Eln9wQ2&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=2505326
https://apps.webofknowledge.com/OutboundService.do?SID=C4iLf7YggNC7Eln9wQ2&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=481977
https://apps.webofknowledge.com/OutboundService.do?SID=C4iLf7YggNC7Eln9wQ2&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=758274
https://apps.webofknowledge.com/OutboundService.do?SID=C4iLf7YggNC7Eln9wQ2&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=758274
https://apps.webofknowledge.com/OutboundService.do?SID=C4iLf7YggNC7Eln9wQ2&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=18668996
https://doi.org/10.1016/j.meatsci.2013.06.002

Journal of Advanced Research in Natural and Applied Sciences 2023, Vol. 9, Issue 4, Pages: 804-821

in yogurt. International Journal of Food Sciences and Nutrition, 65, 565-572. DOI:
https://doi.org/10.3109/09637486.2014.898252

Zhang, L. L., Lv, S., Xu, J. G., & Zhang, L. F. (2018). Influence of drying methods on chemical compositions,
antioxidant, and antibacterial activity of essential oil from lemon peel. Natural Product Research, 32,
1184-88. DOI: https://doi.org/10.1080/14786419.2017.1320791

Zhang, M., Tang, J., Mujumdar, A. S., & Wang, S. (2006). Trends in microwave-related drying of fruits and
vegetables.  Trends in  Food Science &  Technology, 17, 524-534. DOl:
https://doi.org/10.1016/j.tifs.2006.04.011

821


https://www.sciencedirect.com/journal/trends-in-food-science-and-technology

e-ISSN 2757-5195

Canakkale Onsekiz Mart University

Journal of Advanced Research in Natural and Applied Sciences

Open Access

doi.org/10.28979/jarnas.1324188 2023, Vol. 9, Issue 4, Pages: 822-830 dergipark.org.tr/tr/pub/jarnas

Kepler Light Curve Modeling of KIC 9788457

Fahri Alicavus®,*

Canakkale Onsekiz Mart University, Faculty of Science, Physics Department, Canakkale, Tiirkiye
1Canakkale Onsekiz Mart University, Astrophysics Research Center and Ulupinar Observatory, Canakkale, Tiirkiye

Article History Abstract — Eclipsing binary systems are significant objects for astrophysical studies since they offer more accurate

I fundamental stellar parameters (mass, radius). In particular, the determination of the astrophysical parameters of
Received: 07.07.2023 . . o . L . -

semi-detached binary stars is important in terms of examining the physical processes that occur as a result of interac-

Accepted:  10.08.2023 tions between components such as mass transfers and mass losses, since one of their components fills the Roche-

Published:  20.12.2023 lobe. Therefore, in this study, the first binary modeling of KIC 9788457 is presented to estimated the fundamental

stellar parameters of the system. The photometric data of the system were taken from Kepler that provides high-

Research Article quality data. When the light curve was checked it was found that the more luminous massive component has a sig-

nificant light contribution into total. Therefore, using the spectral energy distribution and also color index (B-V)
values effective temperature (T ) value was estimated for the primary component. Utilizing this Te value, the binary
modeling of the system was carried out. As a result, fundamental physical parameters of KIC9788457 were obtained.
The radius (R) and mass (M) values of the components are M;=1.89 + 0.05 My, and Ry= 2.03 + 0.02 Ry, for the
massive component and M=0.81 =+ 0.02 Mg, and Ry= 1.74 + 0.03 Ry, for the less massive component, respectively.
Additionally, the distance of the system was determined to be 1407 + 85 pc.
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1. Introduction

Binary stars are important objects, especially if they are an eclipsing binary star. They are invaluable objects
for stellar astrophysics, as their fundamental stellar parameters (mass M, radius R) can be determined with
high precision (Torres et. al., 2000; Southworth 2013). Fundamental parameters obtained from the analysis of
observational data are essential for checking the accuracy of the evolutionary models and understanding the
impact of binarity effects on stellar evolution. Many studies have been carried out in the literature on this
subject (e.g. Kahraman Alicavus et al., 2022). Semi-detached binary systems, which are a subclass of the
interacting binaries, are valuable for the analysis of the component’s interaction in stellar evolution. Therefore,
determination of the absolute parameters with the high precision data is essential for discerning the semi-
detached binary systems. Hence, in this study, the first binary light curve examination of the Kepler field star,
KIC 9788457, is presented by using high-quality Kepler data.

KIC 9788457 (2MASS J19524768+4631476, TIC 273870931, Gaia DR3 2085538610305376128, VV=12".89)
was first observed by Kepler. It was classified as an eclipsing binary system with an orbital period of 0.963345
day (Slawson et al., 2011). The binary modeling of the system has not been carried out in the literature yet.
Conroy et al. (2014) first examined the Kepler data of the binary system to investigate its orbital-period
variation. In their study, they obtained 2938 minima times and found that the system has a third component
with a 1000 days orbital period. The Kepler minima times of the system were also analysed by Borkovits et
al. (2016). In their study, they showed that the variation on the orbital period caused by a third component
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which moves around the same centre of mass. Borkovits et al. (2016) also determined that the binary system
has an eccentric orbit with a value e=0.46 (1) and it moves around the centre of mass with 1960 days orbital
period. They estimated a minimum mass to be 0.07 Mo for the possible third component.

The out-of-eclipse light variations of the KIC 9788457 were also examined by Gaulme and Guzik (2019). In
this study, they found that the system exhibits Delta Scuti type pulsations. The pulsation properties and
available third component in the system make it very remarkable to be investigated. Therefore, obtaining the
fundamental stellar parameters of the system with a detailed analysis is important. Hence, a high-quality Kepler
light curve analysis of KIC 9788457 is presented in the current study.

The paper is organized as follows. In Sect. 2, the observational data and the analysis of spectral energy
distribution are introduced. The light curve analysis is presented in Sect. 3. Calculation of the fundamental
stellar parameters and conclusions are given in Sect. 4 and Sect. 5, respectively.

2. Observational data and Spectral energy distribution

The increasing number of space observations has improved the accuracy of the photometric data and helped
us to determine even small amplitude variations. Especially thanks to the Kepler (Borucki et al., 2010) and
Transiting Exoplanet Survey Satellite (TESS, Ricker et al. 2010) data, we are now able to reach the high-
guality light curves of stellar systems including the eclipsing binaries. Kepler provides two cadences of data:
short cadence (SC) and long cadence (LC). KIC 9788457 has LC Kepler data which were observed from
quarter 1 to 17 expect for two quarters of 7 and 15. In this study, the quar-ter 1 and 2 data of the star were used,
and these data were taken from the Barbara A. Mikulski Archive for Telescopes (MAST) database. The
observational data first were converted to the magnitude, and it was phased by using the values of P=09.963345
and T0=2454965.186856 (Slawson et al., 2011). The observational data were normalized for further analysis.

KIC9788457
Kurucz ODFNEW /NOVER models, Teff:8250, logg:4, Meta.:0, Av:0.50
le-13 —e— Model
; » Fitted
: Observed
& 1: Upper limit

Flux (ergfcm2/s/A)

Wavelength (A)

Figure 1. The spectral energy distribution for KIC 9788457.

When the light curve of the system was examined, it was seen that the primary component has a significantly
high luminosity contribution in total (~93%). Therefore, the spectral energy distribution analysis of the system
will give us a good estimation of the effective temperature (Te) for the primary component. Hence, the liter-
ature magnitudes in different colours were gathered. When the literature magnitudes of KIC 9788457 were
searched for, we found that the system has APASS B-V, Sloan SDSS g-r, Pan-STARSS g,r,i,z, y, 2MASS J-
H-Ks and also WISE W1, W2,W3 and W4 colors in the literature. The used fluxes in the spectral energy
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distribution are given in Table 1. To eliminate the interstellar extinction effect, the extinction coefficient value
of the star was calculated by using the Schlafly et al. (2011) and the Gaia DR3 distance (Gaia Collaboration et
al., 2021) and the value was obtained to be A,=0m.516 (For detail please see Eker et al. 2020). The spectral
energy distribution analysis was performed in the Vosa database (Bayo et al., 2008) by using the Kurucz mod-
els (Kurucz, 1993) and assuming the surface gravity (log g) and metallicity values (M/H) as 4 and 0. In con-
clusion, the Tefs of the primary system was determined to be 8250 + 280 K. The theoretical spectral energy
distribution fit to the observational data is illustrated in Fig. 1.

Table 1
The list of the used fluxes in the generation of spectral energy distribution of KIC 9788457.
Observed Dereddened Model
Filter Amed Flux AFlux Flux AFlux Flux
APASS.B 4297.17  3.35E-14 8.64E-16 6.20E-14 1.60E-15 6.34E-14
SDSS.g 4640.42  3.34E-14 4.61E-16 5.84E-14 8.06E-16 5.58E-14
PSl.g 4810.88  3.22E-14 1.02E-16 5.53E-14 1.75E-16 5.27E-14
GAIA.Gbp 5050 2.61E-14 5.94E-15 4.36E-14 9.95E-15 4.30E-14
APASS.V 539429  2.61E-14 1.75E-15 417E-14 2.80E-15 4.14E-14
SDSS.r 6122.33  1.51E-14 3.14E-15 2.27E-14 A70E-15 2.94E-14
PS1.r 6156.33  1.89E-14 6.53E-16 2.82E-14 9.76E-16  2.91E-14
GAIA.G 6230 1.86E-14 4.23E-15 2.77E-14 6.31E-15 2.79E-14
PSL.i 7503.66  9.37E-15 6.65E-16 1.27E-14 9.03E-16 1.70E-14
GAIA.Grp 7730 1.24E-14 2.83E-15 1.67E-14 3.81E-15 1.60E-14
PSl1.z 8668.53  9.61E-15 1.94E-16 1.23E-14 2.48E-16 1.15E-14
PSly 9613.4 7.88E-15 1.53E-16 9.72E-15 1.89E-16 9.07E-15
2MASS.J 12350 2.39E-15 4.40E-17 2.75E-15 5.06E-17 4.25E-15
2MASS.H 16620 1.01E-15 1.96E-17 1.11E-15 2.14E-17 1.61E-15
2MASS.Ks 21590 4.08E-16 7.89E-18 4.32E-16 8.36E-18 6.09E-16
WISE.W1 33526 1.30E-16 2.87E-18 1.34E-16 2.97E-18 1.17E-16
WISE.W?2 46028 3.77E-17 7.28E-19 3.85E-17  7.45E-19  3.44E-17
WISE.W3 115608 1.37E-18 2.22E-19 1.39E-18 2.25E-19 9.29E-19
WISE.W4 220883 1.34E-18 3.05E-19 1.35E-18 3.08E-19  7.04E-20

3. Light curve analysis

To determine the precise fundamental parameters (M, R) of KIC 9788457, Kepler light curve analysis was
performed. The normalized and phased Kepler light curve of the KIC 9788457 was analysed. In the light curve
analysis, it is very critical to fix the Tes value of the primary component by a good estimation. Armstrong et
al. (2014) estimated the Terr Values of the primary and secondary binary components as Tem=10107 £ 1313 K
and Tem=6148 + 1454 K respectively. Unfortunately, their Terr estimations have large error bars. Another Tes
estimation for the system is given as 7939 K by the investigation of the Kepler data (Prsa et. al. 2011; Slawson
et. al. 2011; Kirk et. al. 2016). When these Tef vValues were taken into account, the Te value calculated in the
current study by a spectral energy distribution was found between the previous T estimations. Another Tes
estimation of the system could be done by using the B-V. In the Te calculation with B-V, the E(B-V) value
was used by estimating from the calculated A,. The (B-V)o value was calculated to be 0™.164 + 0.023 by using
the APASS B (13™.22) and V (12™.89) colours. The Tes values from this analysis will give us a good evaluation
for the primary components Tess when the less flux contribution of the secondary component was considered.
By using the (B-V)o value and the colour-Te relations given by Eker et al. (2020), the Tes value for the primary
component was obtained to be 8032 + 150K. This value was used in the binary light curve analysis as it has
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lower uncertainty value. The bolometric albedos and the gravity darkening values of the binary components
were fixed during the analysis.

The bolometric albedos were taken as 1 and 0.5 for the radiative and convective atmospheres, respectively
(Rucinski, 1969). The gravity darkening values were also fixed as 1 (Von zeipel, 1924) for the primary and
0.32 (Lucy, 1967) for the secondary components. The eccentricity (e) value was taken as 0 during the analysis
as this value is expected for Algol type binary systems. The synchronize rotation was assumed as well (F12-1).
The Tes of the secondary component, the mass ratio (q), orbital inclination (i), phase shift, third light (1), the
relative luminosities and also dimensionless surface potentials (Q1,2) of the components were searched for. The
light curve analysis was carried out with the Wilson-Devinney (W-D) code (Wilson & Devinney, 1971)
simulated with Monte-Carlo (MC) (Zola et al., 2010). In the analysis, no differences between the solutions
with third body consideration or without were found. The minimum y? value was found for the semi-detached
configuration mode, mode5. As a result, it was determined that the secondary component fills its Roche lobe,
the primary component fills 83% of its first Roche lobe. Also, considering the minimum third body mass found
by Borkovits et al. (2016), a significant light contribution could not be obtained as expected. The final
parameters of the light curve analysis are given in Table 2. The resulting theoretical fit to the observations and
the Roche lobes of the components are demonstrated in Fig. 2.

gﬁgignzwetric solution parameters and their errors for KIC 9788457 system. *fixed parameters.
Parameters Value Error
Terr, (K) 8032* 150
TeffZ(K) 4598 180

i (deg) 83.029 0.095
(o)) 3.296 0.010
Q; 2.745 0.029
g (=M2/My) 0.429 0.001
Phase shift 0.0005 0.0002
Li/(L1+L2) 0.923 0.008
Lo/(L1+L2) 0.077 0.008
I3 0.00 -
Filling factor(%) 83 -
Filling factor(%) 100 -

ri (mean) 0.3558 0.0001
ro (mean) 0.3051 0.0001
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Figure 2. The best fitting theoretical binary modeling of KIC 9788457 and Roche configuration.

4. Fundamental stellar parameters

The fundamental stellar parameters of KIC 9788457 were calculated by using the results of the light curve
analysis given in Table 2. This method is commonly used for the binary system not having spectroscopic data
(Zola et al., 2010). In the calculations, first M of the primary component was estimated as M;=1.89 + 0.05 Mgyn
by considering it as a main-sequence star and also using the Tes — Spectral type and M relation given by Eker
et al. (2020). Then the M value of the secondary component was calculated taking into account the M; and g
values. The semi-major axes (a) was also calculated from the Kepler third law. The R of the component stars
was determined by utilizing the fractional radii obtained in the light curve analysis and a value. The luminos-
ities (L) and the bolometric magnitudes (Myo) Of the components were calculated with the help of solar Te =
5772 K, Mo = 4™.74 values and bolometric corrections given by Eker et al. (2020). The log g values were also
determined by using the R and M of the components. The distance of the system was estimated using the E(B-
V), absolute magnitude (M) values and also flux ratios of the components. For calculation of the distance (d)
following parameters were used; E(B-V) = 0™.16, BC.: = 0".02, m\; = 12™.98, My, = 1M.74 and as a result, d
was found to be 1407 = 85 pc. All calculated astrophysical parameters of KIC 9788457 were given in Table 3.
The uncertainties of the parameters given in Table 3 were estimated taking into account the errors revealed by
the MC method as a result of the light curve analysis and the observational errors from some basic parameter
assumptions. In addition, with the help of the calculated fundamental parameters, the age of KIC9788457 is
around 650 million years when the position of the primary component in the H-R diagram is examined con-
sidering the single star evolution (MIST models (Dotter 2016; Choi et. al. 2016; Paxton et. al. 2011; Paxton
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et. al. 2013; Paxton et. al. 2015; Paxton et. al. 2018) were used and assuming the Asplund et al. 2009 solar
abundance as Z= 0.0142). However, binary star evolution models that take into account mass transfer and loss
mechanisms and orbital evolution are very important in order to determine the age of such semi-detached
systems more accurately. For such evolution models to give accurate results, spectral data of the components
are needed.

Table 3

Absolute parameters of KIC 9788457.
Parameter Values Error
a (Rsun) 5.72 0.24
M, (Msun) 1.89 0.05
M, (Msun) 0.81 0.02
R, (Rsun) 2.03 0.02
R, (Rsun) 1.74 0.03
log g, 4.10 0.02
log g, 3.86 0.02
L, (Lsun) 15.51 1.25
L, (Lsun) 1.22 0.18
M,,,, (Mag) 1.76 0.09
M,,,, (Mag) 4,52 0.16
d (pc) 1407 85

5. Conclusion

In this study, the fist binary modelling of KIC 9788457 is presented by using the Kepler data. According
to the light curve it was estimated that the luminous massive component in the system has significant light
contribution. Therefore, the Tt parameter for the primary component was determined by using the photometric
colours with the spectral energy distribution. In addition, Tes value of the primary component was estimated
with B-V colour. Since the uncertainness of B-V colour Tes is lower, that value was used in the binary
modeling. The binary modeling was carried out with the WD program and the binarity parameters were
determined. Using the resulting parameters from the binary modelling, some fundamental stellar parameters
were estimated. The M parameters for the primary and secondary components were found to be 1.89 + 0.05
Msun and 0.81 + 0.02 Msyn, respectively. The R parameters were also estimated as 2.03 £ 0.02 Rgyn and 1.74 +
0.03 Rqun for the primary and secondary systems. According to filling factors the secondary components fills
its Roche lobe. The distance of the system was calculated as well and found to be 1407 + 85 pc. When the Gaia
distance (1568 pc) was compared with the distance found in this study, there is around 150 pc differences
between two distances. This difference may be due to observational measurement errors and inability to
calculate interstellar absorption accurately. When the astrophysical parameters found in this study were
examined, it is seen that the primary component is in the instability region where delta Scuti type oscillation
is dominant, as stated by Gaulme and Guzik (2019). The results obtained because of sensitive satellite
observations of such binary systems with pulsating components are very important in terms of contributing to
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the studies on the pulsating components. In addition to these, it is very important to make spectral observations
of the system in order to control the findings in this study and to conduct evolutionary status studies in detail.
In addition, long-term spectral observations are needed to check the existence of a third body.
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considering the cargo sector, which is one of the important fields of activity of the transportation sector, where the
Research Article carbon emission rate is high. SWARA and WASPAS methods, which are among the Multi-Criteria Decision Making

methods, are used in the evaluation phase of the strategies determined through the Delphi technique and literature
review. Strategies are asked to be prioritized for the implementation of 16 determined strategies within the cargo
sector, and “Using electric vehicles” ranked first in both methods. “Use of carbon capture, exploitation and storage
technologies”, “Balancing greenhouse gas emissions”, “Existence of carbon tax to reduce carbon emissions” strate-
gies have also been identified as other top priority strategies. It is thought that the strategies listed as a result of the
study can help reduce our carbon footprint and help reach negative carbon by reducing CO; levels in the atmosphere.
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1. Introduction

Carbon emission is the main reason of global warming. There are several industrial processes that release
significant amounts of CO; into the atmosphere (Sinha and Chaturvedi, 2019). Greenhouse gas emissions from
human activities have caused significant climate change since the Industrial Revolution (Guo et al., 2022), and
climate change and its social, environmental, economic and ethical implications are major interconnected
challenges facing human societies. is widely accepted (Huisingh et al., 2015). However, global awareness of
the effects of climate change has led to a more restrictive and demanding society on consumption-related
greenhouse gas emissions (Florindo et al., 2018). Furthermore, carbon emissions from processes could be
controlled by the technologies in different processes of industries (Sinha and Chaturvedi, 2019). In this context,
reducing carbon emissions has been an inevitable tendency and a global concurrence. Therefore, it is an
important task for supply chain members to reduce their emissions in a low carbon environment (Ji et al.,
2017). So, achieving net zero carbon emissions (Chen et al., 2022) and reducing carbon emissions is an
important requirement. In order to meet climate reduction targets and achieve a net reduction in atmospheric
carbon, some strategies need to be implemented at a large scale (Sanchez and Kammen, 2016). With negative
carbon intensity, efficiency can be achieved both in the conversion of energy and in the conversion of carbon
(Budzianowski, 2012). While many countries aim to be carbon neutral by 2050-2070, only 4.5% of countries
have achieved carbon neutrality (Chen et al., 2022).
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There are various studies in the literature. Such as; related to carbon reduction (Galinato and Yoder, 2010; Li
et al., 2021; Siegel et al., 2021; Derse, 2023) and carbon neutral (Kato and Yamagata, 2014; Anderson and
Peters, 2016; Van Vuuren et al., 2017; Emmerling et al., 2019) there are many studies on it. Budzianowski
(2012) analyzes renewable energy technologies to reach carbon negative. Gallego-Alvarez et al. (2015)
analyzes the impact of changes in carbon dioxide emissions on financial and operational performance.
Huisingh et al. (2015) focus on researchsing technical innovations and policy interventions for improved
energy efficiency and reduction of carbon emissions for different sectors. Ji et al. (2017) focus on a model that
includes a low-carbon preference. The article analyzes a detailed model that includes a low carbon preference.
The results show that the introduction of the online channel is profitable for the manufacturer when the low
carbon sensitivity degree of consumers meets certain conditions. Florindo et al. (2018) lists in their work,
taking into account the criteria in possible improvement actions that allow the reduction of the Carbon
Footprint. A SWOT matrix is presented for each evaluated alternative and MCDM methods are applied to
measure and rank possible improvement actions. Liu et al. (2019) analyzes the impact of income inequality on
carbon emissions in the United States, taking into account the effects of income inequality on carbon emissions
and the distribution of emissions. The results provide policymakers with important information on improving
the quality of economic development and addressing climate change. In their study, Sinha and Chaturvedi
(2019) review the research studies carried out for the execution of energy efficient and low carbon technologies
for industries at different stages and classify these studies as process stages. Research studies for the planning
of carbon emission limits are also examined. Johansson et al. (2020) produce and compare cost-effective
emission routes that meet two different climate targets. Xuan et al. (2020) Based on China's carbon emissions
trading experiment, this study adopts a model to explore the impact of carbon emissions trading policies on
carbon emission reduction. Zhang et al. (2020) uses an econometric method to evaluate the impact of the
emissions trading system on carbon emission reduction in their work. Li et al. (2021) measured the order and
differences in the development and use of renewable energy in different regions in terms of carbon emission
reduction, which provides an analytical perspective and a renewable energy-based solution for the use and
distribution of renewable energy in China. Chen et al. (2022) presents decarbonisation technologies and
initiatives, as well as negative emission technologies, and discusses carbon trading and carbon tax. Guo et al.
(2022) states that China aims to reach its carbon emission peak before 2030 and carbon neutrality before 2060.
The paper reviews and discusses technical strategies to achieve their goals in China's metal mines. Siksnelyte-
Butkiene et al. (2022) develops a framework by establishing the TOPSIS method to obtain the ideal
synthesizing properties, materials and electrochemical measurements of the activated carbons electrode.
Rahimirad and Sadabadi (2023) considers the goals of low-carbon energy transition and sustainable carbon-
neutral society creation.

In the study, SWARA and WASPAS methods, which are among the Multi-Criteria Decision Making methods,
are discussed. It is aimed to rank the negative carbon strategies with the methods discussed. When the literature
was evaluated, no study was found in which these methods were sorted. However, there are some studies
(Ghorshi Nezhad et al., 2015; Yurdoglu and Kundak¢i, 2017; Sremac et al., 2018; Toklu et al., 2018;
Ghoushchi et al., 2021; Yiicenur and Ipekci, 2021; dealing with SWARA and WASPAS methods.

In this study, which deals with the cargo sector, it is aimed to rank the strategies determined by considering
the strategies that can be applied within the scope of reducing and making negative for the carbon arising from
the activities occurring in the sector, according to their importance with Multi-Criteria Decision Making
methods. Increasing carbon emissions, climate change, the ozone layer, and the negative effects of human
health, and increasing awareness and strategies are the motivation of the study. In the first part of the study,
information and research on carbon neutrality and carbon reduction are presented. The second part of the study
includes Materials and Methods, the third part includes the Findings, the fourth and last part includes
Conclusions and Discussions.

2. Materials and Methods

In this part of the study, the determination of the strategies developed for being carbon negative and their
evaluation studies are presented (Fig.1). The desired and required strategies for carbon negative were primarily
determined through literature review. Then, the opinions of 2 people working in the cargo sector, 4
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academicians who are well-versed in carbon emissions, carbon footprint and climate change, and opinions that
will affect the cargo sector's reaching negative carbon were received. The Delphi method was used to clarify
and decide on the strategies in this context.

Finding strategies Deciding strategies Prioritizing strategies

«Strategies are *Negative carbon *Determined
determined by strategies are strategies are with
experts in the field decided by taking SWARA-based
and by making a expert opinions WASPAS
literature review. through literature (S-WASPAS)

review and Delphi « Compared with
method. AHP-based
WASPAS
(A-WASPAS).
o J o J

Figure 1. Analysis steps of developed strategies

The Delphi technique is a quantitative method that enables the development, evaluation and synthesis of ideas
expressed on a particular subject (Christopher, 1994). According to Dalkey and Helmer (1963), the aim of the
Delphi technique is to reach consensus on the opinions of a group of experts on a subject in the most reliable
way. The application of the Delphi technique consists of a series of stages to reveal the approaches and
perspectives of the experts (Cho and Turoff, 2001) or the representatives of the target audience on the problem
situation, to examine and to reach a consensus. In this context, first of all, the development of a strategy for
negative carbon includes the general purpose of the problem, in terms of transportation and transportation
being a heavy sector in the cargo sector and causing carbon emissions. Within the framework of the defined
problem, firstly, possible strategies that will contribute to the literature were discussed with the expert
consisting of 6 people and their thoughts were asked. In line with the answers received, the suggested
strategies, which were written in items, were presented to the experts' opinions again and they were asked to
be scored on the Likert scale. With the repeated answers, one more cycle was achieved and the final criteria
table was reached (Table 1). The determined strategies are 16 and are based on the answers of the literature
and expert opinions.
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Table 1
Developed negative carbon strategies

Code Negative carbon strategies Authors Description

NC1  Balancing greenhouse gas * It refers to the efforts to increase the reduction of
emissions greenhouse gas emissions and to prevent their in-

crease.

NC2  Use of carbon capture, exploi- Chenetal., 2022; It refers to a series of processes that allow CO2 to be
tation and storage technolo- Fuetal., 2022; captured, stored and used directly or indirectly in var-
gies Fawzy et al. 2020  ious products.

NC3  Using electric vehicles Chenetal., 2022 It refers to the use of alternative vehicles (electric ve-

hicles).

NC4  Ensuring the use of renewable  Millot and Maizi It refers to the use of renewable and sustainable energy
energy sources 2021; Fawzy et al.  as an alternative to fossil fuels.

2020

NC5  Using recyclable packaging in * It refers to reducing the carbon footprint and reducing
packaging the environmental impact of life cycle assessment.

NC6  Increasing environmental * It emphasizes the necessity of organizing periodic
awareness trainings for em- trainings on climate change and carbon footprint is-
ployees sues.

NC7 Increasing vehicle efficiency Chenetal., 2022; It expresses the quality and number of vehicles used in

Sharifi, 2021 the cargo sector.

NC8  Existence of carbontaxtore-  Qiu et al., 2020 In terms of its deterrent feature, it means ensuring the
duce carbon emissions continuity of the carbon tax rate set by the govern-

ments.

NC9  Implementation of afforesta- Terlouw et al., Afforestation refers to afforestation where there is no
tion/reforestation studies per 2021; Schirmer forest cover recently, while reforestation refers to the
transport and Bull, 2014 re-establishment of deforested forest areas.

NC10 Presence of resistant designs Wang et al., 2018 It emphasizes the need to innovate and use resilient de-
resistant to natural disasters in signs in cargo buildings as well as in transportation.
cargo buildings

NC11 Spreading the circular econ- * It refers to the use of resource management with the
omy model logic of reduce-recycle-reuse instead of the logic of

buy-make-consume.

NC12 Optimization of cargo distri- * It means reducing the transportation time by making a
bution management good road analysis of the cargoes for distribution.

NC13 The growth of sharing econo-  Chenetal., 2022 It refers to making a less needed tool or service avail-
mies such as parking spaces able to other users who need it.
and crowdsourcing

NC14 Existence of recycling incen-  * It covers the incentives for the packages in the hands
tives for packaging for end us- of the customers to be delivered to the cargo compa-
ers nies after the distribution.

NC15 Increasing stakeholder en- * It means raising awareness and taking a role of all
gagement and collaboration stakeholders, from the supplier to the customer, for a

carbon neutral life.

NC16 Limitation of cargo distribu- * It refers to the limitation of the distribution of cargo

tion contrary to what is known

distributions on certain days and hours (during heavy
traffic, etc.).

2.1. SWARA method

SWARA (Stepwise Weight Assessment Ratio Analysis) was developed in 2010 by Kersuliene et al. It is a
multi-criteria decision-making method developed by and aiming to rank the criteria to be analyzed in order of
importance (Kersuliene et al., 2010).

Step 1: The criteria are sorted in descending order of importance in line with expert opinion and the geometric
mean is taken.
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Step 2: The importance level of the criteria is determined. The value known as sj (comparative significance of
the mean value), j. criterion, (j+1). by comparison with the criteria j. your criterion (j+1). it is determined as
how important it is from the criterion (Ruzgys et al., 2014).

Step 3: The coefficient kj for each criterion is determined as in Equ (2.1).

(1 =1
lj = {sj +1[j > 1} (2.1)
Step 4: The coefficient gj, which expresses the weights, is calculated as in Equ (2.2).
1 ;=
. =1
qj = qj—1). } (22)
{ g >1

Step 5: With the help of (2.3) in the last step of the method, wij, j. the relative weight of the criterion is
determined.

wj = =2 (2.3)

h=1qK

2.2. WASPAS Method

WASPAS is a multi-criteria decision-making approach that combines the results of two different models,
“Weighted Sum Model” and “Weighted Product Model” (Chakraborty & Zavadskas, 2014). By using these
two methods together, it is aimed to increase the reliability of the solution results and to correctly order the
decision alternatives.

Step 1: At the stage of creating the decision matrix, the xij values are combined into a matrix.

Step 2: In order to normalize the decision matrix, the values are normalized with the help of Equ (2.4) and
(2.5) to take values in the range of [0,1].

_ i - -
min(x;;) ._ .
Xij = —(xij)’ i=1,2.mj=1,2..n (2.5)

Step 3: Based on the weighted sum method i. calculation of the total relative importance of the alternative is
performed.

Qi =¥ x;j.w; (2.6)

Step 4: Based on the weighted multiplication method i. Calculation of the total relative importance of the

alternative is carried out according to equation (2.7) by taking the force.
wj

Qi(Z) = ;.121 xij (2_7)

Step 5: The (Qi) value is calculated by calculating the weighted common general criterion value for the
weighted sum and weighted product models (2.8).

Qi = 0.5Qi™ + 0.5Qi® (2.8)

3. Application of the Study

The next step for the determined negative carbon strategies is to make an evaluation from six experts in the
status of expert. At this stage, it was desired to use SWARA and WASPAS techniques. AHP technique was
used for comparison. First of all, the criteria determined for the ranking of the strategies were asked from the
experts to rank correctly from the most important criterion to the less important criterion with the SWARA
technique, and the results obtained in Table 2 are presented.
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Table 2

SWARA expert opinions
Code Criteria 1 2 3 4 5 6 Rank

(Ave)

C1 Strategy implementation cost 1 3 2 1 2 1 151
C2 Strategy implementation time 3 2 4 3 3 3 29%
C3 Contribution to carbon reduction 2 1 1 2 1 1 126
C4 Contribution to sustainable development goals 6 5 6 4 6 6 544
C5 Social acceptability 4 4 3 5 5 4 411
C6 Strategy implementation risk 5 6 5 6 4 5 512

SWARA steps were followed for each expert and their importance levels were determined according to the
results. Table 3 shows an example order for Expert 3. Accordingly, the most important criteria for Expert 3
were determined as C1 and C3. By applying the same steps with other experts, the importance level of each
strategy was averaged and the final ranking was determined (Table 4).

Table 3
SWARA steps for Expert 3
Code Negative carbon strategies Rank i%rgg:tgl;ce Sj Kj i Wi
C3 Contribution to carbon reduction 1.26 1.00 1.00 1.00 0.20
C1 Strategy implementation cost 1.51 2.00 0.01 1.01 099 0.20
Cc2 Strategy implementation time 2.94 3.00 0.15 115 0.86 0.18
C5 Social acceptability 411 4.00 0.15 1.15 0.75 0.15
C6 Strategy implementation risk 5.12 5.00 0.10 1.10 0.68 0.14
C4 Contribution to sustainable development goals  5.44 6.00 0.10 1.10 0.62 0.13
Table 4
Ranking as a result of averaged values
Code Negative carbon strategies w;j Ave Rank
C1 Strategy implementation cost 0.20 2
C2 Strategy implementation time 0.18 3
C3 Contribution to carbon reduction 0.21 1
C4 Contribution to sustainable development goals 0.12 6
C5 Social acceptability 0.16 4
C6 Strategy implementation risk 0.14 5

When the results obtained according to the SWARA method (Table 3) are interpreted, the “Contribution to
carbon reduction” criterion becomes the first priority criterion for negative carbon studies. Then the “Strategy
implementation cost” criterion took the second place.

For the WASPAS method, it was first requested to rank the strategies within the framework of certain criteria
(C1 (Strategy implementation cost), C2 (Strategy implementation time), C3 (Contribution to carbon
reduction), C4 (Contribution to sustainable development goals), C5 (Social acceptability), C6 (Strategy
implementation risk)). According to these criteria, a decision matrix was formed by taking the average of the
scores between 1-10 obtained from the experts (Table 5).
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Table 5
WASPAS decision matrix

Criteriadirection min min max max max min

Code Cl1 C2 C3 C4 C5 Cb6

NC1 167 467 767 633 7.67 3.00
NC2 133 333 733 6.00 533 233
NC3 1.00 3.67 833 7.00 833 533
NC4 267 433 6.67 733 7.00 433
NC5 433 433 533 7.00 7.33 4.67
NC6 3.67 433 500 6.67 733 7.33
NC7 533 7.33 567 6.67 5.67 7.33
NC8 7.00 267 733 6.00 533 4.00
NC9 433 567 533 7.00 500 533
NC10 467 4.00 5.00 533 4.67 4.67
NC11 5.67 4.67 467 733 6.67 533
NC12 733 6.33 533 533 533 6.00
NC13 6.67 4.67 500 533 4.67 4.67
NC14 7.00 500 433 6.00 433 6.33
NC15 6.33 4.00 533 7.33 4.67 5.00
NC16 7.00 567 567 500 3.67 433

Criteria weight 020 018 021 012 016 0.14

For the normalized decision matrix as a result of the decision matrix, the criterion aspect is taken as minimum
for the implementation cost of the strategy, the implementation time of the strategy and the implementation
risk criteria of the strategy; maximum direction has been taken for its contribution to carbon reduction, its
contribution to sustainable development goals, and social acceptability criteria. Again, in line with the
WASPAS steps, the weights of the criteria were determined by the SWARA method with expert opinion (Table
4). As a result of the applications, the ratings based on the weighted sum and weighted multiplication methods
in Table 6 and Table 7 were calculated.

Table 6
Relative importance values based on weighted sum method

CL C2 C3 C4 C5 C6 Qi)

NCl o012 01 019 01 015 011 0.768097
NC2 015 014 018 01 0.1 014 0811492
NC3 02 013 021 011 0.16 0.06 0.866688
NC4 007 011 016 0.12 0.13 008 0.676897
NC5 005 011 013 011 0.14 0.07 0611165
NC6 005 011 012 011 0.14 004 0.58014
NC7 004 006 014 011 0.11 004 0.503139
NC8 003 018 018 01 0.1 008 0.668735
NC9 005 008 013 011 0.1 006 0.532059
NC10 004 012 012 009 009 007 0530694
NC1l 003 01 011 012 0.13 006 0.560166
NC12 003 007 013 009 0.1 005 0.476877
NC13 003 01 012 009 0.09 007 0501077
NC14 003 009 011 0.1 008 005 0.462485
NC15S 003 012 013 0.12 0.09 007 0.555812
NC16 003 008 0.14 008 0.07 008 0.479009
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Table 7
Relative importance values based on weighted multiplication method

Cl C2 C3 C4 C5 C6 Qi(2

NCl 09 091 098 098 099 097 0753051
NC2 094 096 097 098 093 1  0.804416
NC3 1 094 1 099 1 089 0836249
NC4 082 092 096 1 097 092 0.643782
NCS 075 092 091 099 098 091 0554095
NC6 077 092 09 099 098 085 0527121
NC7 072 084 092 099 094 085 0.43906
NC8 068 1 0.97 0.98 0.93 0093 0.559569
NC9 075 087 091 099 092 089 0487778
NC10 074 093 09 096 091 091 0.492383
NC1l o071 091 089 1 0.97 0.89 0.490548
NC12 063 086 091 096 093 0.88 0.414654
NCI3 069 091 09 096 091 091 0.44655
NC14 068 089 087 098 09 087 0.407327
NCI15S 07 093 091 1 091 09 0.483385
NC16 063 087 092 096 088 092 0.423011

As a result of the weighted sum method and the weighted multiplication method, the A value was taken as 0.5
and the final ranking table was created (Table 8).

Table 8
Strategies sorted by S-WASPAS method

Negative carbon strategies code Qi Rank

NC1 0.76 3
NC2 081 2
NC3 085 1
NC4 066 4
NC5 0.58 6
NC6 055 7
NC7 0.47 13
NC8 061 5
NC9 051 11
NC10 051 10
NC11 053 8
NC12 0.45 15
NC13 0.47 12
NC14 0.43 16
NC15 052 9
NC16 0.45 14

As a result of the SWARA-based WASPAS application, the first priority strategy in the ranking was
determined as NC3 coded “Using electric vehicles”. In order to compare the results of S-WASPAS, the AHP
method was used, and the decision matrix was determined within the framework of the (1-9) scale, which was
determined by Saaty's opinion of six experts (Table 9), and the degree of importance was calculated by
normalizing it (Table 10).
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Table 9
AHP decision matrix
C1l C2 C3 C4 C5 C6
C1 1.00 4.33 0.54 4.83 6.00 5.17
Cc2 0.23 1.00 0.23 3.50 3.50 2.50
C3 2.17 4.50 1.00 5.50 5.33 5.50
C4 0.21 0.29 0.18 1.00 3.50 0.42
C5 0.17 0.31 0.17 0.26 1.00 0.38
C6 0.20 0.42 0.18 2.50 2.83 1.00
Total 3.98 10.85 2.30 17.60 22.17 14.96
Table 10
AHP normalized matrix
C1l C2 C3 C4 C5 C6 Importance value
C1 0.251 0.399 0.236 0.275 0.271 0.345 0.30
C2 0.059 0.092 0.098 0.199 0.158 0.167 0.13
C3 0.544 0.415 0.435 0.313 0.241 0.368 0.39
C4 0.053 0.027 0.080 0.057 0.158 0.028 0.07
C5 0.042 0.028 0.072 0.015 0.045 0.025 0.04
C6 0.051 0.038 0.080 0.142 0.128 0.067 0.08

It is desired that the consistency ratio of the importance degrees obtained as a result of the calculation of the
normalized matrix should be below 0.1. For this reason, the ratios determined by the experts in the study
emerged as CR=0.089 and its consistency was confirmed. Then, the determined weights were applied in the
WASPAS method, as in the equation 2.6 and 2.7, and the sequences of operations were applied and the
strategies listed as a result of AHP-based WASPAS were determined (Table 11).

Table 11

Strategies sorted by A-WASPAS method
Negative carbon strategies code Qi Rank
NC1 1 3
NC2 1.04 2
NC3 12 1
NC4 094 4
NC5 08 5
NC6 077 9
NC7 072 11
NC8 08 6
NC9 0.77 8
NC10 0.66 12
NC11 0.76 10
NC12 0.61 16
NC13 062 14
NC14 0.62 13
NC15 078 7
NC16 0.61 15
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4. Conclusion and Discussions

According to the results, the “Using electric vehicles” strategy took the first place and gave a similar result
with the SWARA technique and AHP technique (Fig.2). “Use of carbon capture, exploitation and storage
technologies” took the second place and “Existence of carbon tax to reduce carbon emissions” took the third
place.

NC1 NC2 NC3 NC4 NC5 NC6 NC7 NC8 NC9 NC10 NC11 NC12 NC13 NC14 NC15 NC16
B A-WASPAS 3 2 1 4 5 9 11 6 8 12 10 16 14 13 7 15

HS-WASPAS 3 2 1 4 6 7 13 5 11 10 8 15 12 16 9 14

Figure 2. S-WASPAS and A-WASPAS comparison

Considering the strategies that the cargo sector should prioritize in order to reach negative carbon, the top five
are; NC3 “Using electric vehicles”, NC2 “Use of carbon capture, exploitation and storage technologies”, NC1
“Balancing greenhouse gas emissions”, NC4 “Ensuring the use of renewable energy sources”, NC5 “Using
recyclable packaging in packaging”, NC8 “Existence of carbon tax to reduce carbon emissions” strategies are
coming (Fig.2).

The ever-increasing consumption of fossil fuels based on the growing population has caused the greenhouse
gas effect with the CO; levels in the atmosphere rising rapidly from 280 ppm to 415 ppm by 2021
(Friedlingstein et al., 2020). The increasing greenhouse gas effect, which causes climate change along with
global warming, brings along many problems. Therefore, each of the countries, institutions and sectors need
to determine and implement strategic targets and policies in order to fulfil their emissions reduction
commitments (Fu et al., 2022).

The current study aimed to apply the transportation sector in the cargo sector in order to reduce the greenhouse
gas effect as well as to increase the negative carbon applications. Taking into account the activities in the cargo
sector, “Balancing greenhouse gas emissions, Use of carbon capture, exploitation and storage Technologies,
Using electric vehicles, Ensuring the use of renewable energy sources, Using recyclable packaging in
packaging, Increasing environmental awareness trainings for employees, Increasing vehicle efficiency,
Existence of carbon tax to reduce carbon emissions, Implementation of afforestation/reforestation studies per
transport, Presence of resistant designs resistant to natural disasters in cargo buildings, Spreading the circular
economy model, Optimization of cargo distribution management, The growth 16 strategies were determined,
of sharing economies such as parking spaces and crowdsourcing, Existence of recycling incentives for
packaging for end users, Increasing stakeholder engagement and collaboration, Limitation of cargo distribution
contrary to what is known”. Evaluation of the specified strategies in SWARA based WASPAS method and
AHP based WASPAS method C1 (Strategy implementation cost), C2 (Strategy implementation time), C3
(Contribution to carbon reduction), C4 (Contribution to Sustainable Development Goals), C5 (Social
acceptability), C6 (Strategy implementation risk) ranked in order of importance, taking into account the
criteria. When the results of the Multi-Criteria Decision Making methods (S-WASPAS, A-WASPAS) are
examined, it is seen that consistent rankings are obtained. “Using electric vehicles” took the first place in both
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methods. “Use of carbon capture, exploitation and storage technologies”, “Balancing greenhouse gas
emissions”, “Existence of carbon tax to reduce carbon emissions” strategies have also been identified as other
top priority strategies.

As a result of increasing environmental concerns, it has become important for the sectors to determine
strategies to eliminate this concern, to set relevant targets and to work towards these targets. The cargo sector,
which has an important place in the transportation sector, is at the forefront of the companies that want to
contribute to sustainability by carrying out these studies. Being carbon negative is an opportunity for the cargo
sector by putting the strategies suggested in the current study into practice and putting the prioritized strategies
into practice.

As a result of the study, it is thought that the carbon footprint will decrease, the damage to the environment
and the greenhouse gas emission levels in the atmosphere will decrease with the implementation of the
strategies listed to reach negative and neutral carbon. In future studies, the situation of carbon reduction
strategies in different sectors can be examined and the importance of strategies can be examined with different
Multi-Criteria Decision Making methods.

Author Contributions

Emel Yontar: Conceptualization, methodology, analysis and modelling, writing original draft, review and ed-
iting.
Onur Derse: Conceptualization, methodology, writing original draft, review and editing.

Conflicts of Interest

The authors declare no conflict of interest.

References

Anderson, K., & Peters, G. (2016). The trouble with negative emissions. Science, 354(6309), 182-183. DOI:
10.1126/science.aah4567

Budzianowski, W. M. (2012). Negative carbon intensity of renewable energy technologies involving biomass
or carbon dioxide as inputs. Renewable and Sustainable Energy Reviews, 16(9), 6507-6521.
https://doi.org/10.1016/j.rser.2012.08.016

Chakraborty, S., & Zavadskas, E. K. (2014). Applications of WASPAS method in manufacturing decision
making. Informatica, 25(1), 1-20. https://content.iospress.com/articles/informatica/inf25-1-01

Chen, L., Msigwa, G., Yang, M., Osman, A. |, Fawzy, S., Rooney, D. W., & Yap, P. S. (2022). Strategies to
achieve a carbon neutral society: a review. Environmental Chemistry Letters, 20(4), 2277-2310.
https://doi.org/10.1007/s10311-022-01435-8

Chen, Z., Lv, H., Zhang, Q., Wang, H., & Chen, G. (2022). Construction of a cement-rebar nanoarchitecture
for a solution-processed and flexible film of a Bi2Te3/CNT hybrid toward low thermal conductivity and
high thermoelectric performance Carbon Energy, (1), 115-128. https://doi.org/10.1002/cey2.161

Cho, H. K., & Turoff, M. (2001). Debiasing Group Judgments through Computerized Delphi Systems.
http://aisel.aisnet.org/amcis2001/51?utm_source=aisel.aisnet.org%2Famcis2001%2F51&utm_medium=P
DF&utm_campaign=PDFCoverPages

Christopher, M. (1994). Developing strategic and operational plans for logistics. Handbook of Logistics and
Distribution Management. 43-62.

Dalkey, N., & Helmer, O. (1963). An experimental application of the Delphi method to the use of experts.
Management science, 9(3), 458-467. https://doi.org/10.1287/mnsc.9.3.458

Derse, O. (2023). CO2 capture, utilization, and storage (CCUS) storage site selection using DEMATEL-based
Grey Relational Analysis and evaluation of carbon emissions with the ARIMA method. Environmental
Science and Pollution Research, 30(6), 14353-14364. https://doi.org/10.1007/s11356-022-23108-3

Emmerling, J., Drouet, L., van der Wijst, K. I., Van Vuuren, D., Bosetti, V., & Tavoni, M. (2019). The role of
the discount rate for emission pathways and negative emissions. Environmental Research Letters, 14(10),
104008. https://doi.org/10.1088/1748-9326/ab3cc9

841


https://doi.org/10.1126/science.aah4567
https://doi.org/10.1126/science.aah4567
https://doi.org/10.1016/j.rser.2012.08.016
https://content.iospress.com/articles/informatica/inf25-1-01
https://doi.org/10.1007/s10311-022-01435-8
https://doi.org/10.1002/cey2.161
http://aisel.aisnet.org/amcis2001/51?utm_source=aisel.aisnet.org%2Famcis2001%2F51&utm_medium=PDF&utm_campaign=PDFCoverPages
http://aisel.aisnet.org/amcis2001/51?utm_source=aisel.aisnet.org%2Famcis2001%2F51&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.1287/mnsc.9.3.458
https://doi.org/10.1007/s11356-022-23108-3
https://doi.org/10.1088/1748-9326/ab3cc9

Journal of Advanced Research in Natural and Applied Sciences 2023, Vol.9, Issue 4, Pages: 831 - 843

Fawzy, S., Osman, A. I, Doran, J., & Rooney, D. W. (2020). Strategies for mitigation of climate change: a
review. Environmental Chemistry Letters, 18, 2069-2094. https://doi.org/10.1007/s10311-020-01059-w
Florindo, T. J., Florindo, G. D. M., Talamini, E., da Costa, J. S., de Léis, C. M., Tang, W. Z., ... & Ruviaro, C.
F. (2018). Application of the multiple criteria decision-making (MCDM) approach in the identification of
Carbon Footprint reduction actions in the Brazilian beef production chain. Journal of Cleaner Production,
196, 1379-1389. https://doi.org/10.1016/j.jclepro.2018.06.116

Friedlingstein, P., O'sullivan, M., Jones, M. W., Andrew, R. M., Hauck, J., Olsen, A, ... & Zaehle, S. (2020).
Global carbon budget 2020. Earth System Science Data, 12(4), 3269-3340. https://doi.org/10.5194/essd-
12-3269-2020

Fu, J., Li, P, Lin, Y., Du, H., Liu, H., Zhu, W., & Ren, H. (2022). Fight for Carbon Neutrality with State-of-
the-art Negative Carbon Emission Technologies. Eco-Environment & Health.
https://doi.org/10.1016/j.eehl.2022.11.005

Galinato, G. I., & Yoder, J. K. (2010). An integrated tax-subsidy policy for carbon emission reduction.
Resource and Energy Economics, 32(3), 310-326. https://doi.org/10.1016/j.reseneeco.2009.10.001

Gallego-Alvarez, 1., Segura, L., & Martinez-Ferrero, J. (2015). Carbon emission reduction: The impact on the
financial and operational performance of international companies. Journal of Cleaner Production, 103, 149-
159. https://doi.org/10.1016/j.jclepro.2014.08.047

Ghorshi Nezhad, M. R., Zolfani, S. H., Moztarzadeh, F., Zavadskas, E. K., & Bahrami, M. (2015). Planning
the priority of high tech industries based on SWARA-WASPAS methodology: The case of the
nanotechnology industry in Iran. Economic research-Ekonomska istrazivanja, 28(1), 1111-1137.
https://doi.org/10.1080/1331677X.2015.1102404

Ghoushchi, S. J., Bonab, S. R., Ghiaci, A. M., Haseli, G., Tomaskova, H., & Hajiaghaei-Keshteli, M. (2021).
Landfill site selection for medical waste using an integrated SWARA-WASPAS framework based on
spherical fuzzy set. Sustainability, 13(24), 13950. https://doi.org/10.3390/su132413950

Guo, Q., Xi, X,, Yang, S., & Cai, M. (2022). Technology strategies to achieve carbon peak and carbon
neutrality for China’s metal mines. International Journal of Minerals, Metallurgy and Materials, 29(4), 626-
634. https://doi.org/10.1007/s12613-021-2374-3

Huisingh, D., Zhang, Z., Moore, J. C., Qiao, Q., & Li, Q. (2015). Recent advances in carbon emissions
reduction: policies, technologies, monitoring, assessment and modeling. Journal of cleaner production, 103,
1-12. https://doi.org/10.1016/j.jclepro.2015.04.098

Ji, J., Zhang, Z., & Yang, L. (2017). Carbon emission reduction decisions in the retail-/dual-channel supply
chain  with  consumers' preference. Journal of cleaner production, 141, 852-867.
https://doi.org/10.1016/j.jclepro.2016.09.135

Johansson, D. J., Azar, C., Lehtveer, M., & Peters, G. P. (2020). The role of negative carbon emissions in
reaching the Paris climate targets: the impact of target formulation in integrated assessment models.
Environmental Research Letters, 15(12), 124024. https://doi.org/10.1088/1748-9326/abc3f0

Kato, E., & Yamagata, Y. (2014). BECCS capability of dedicated bioenergy crops under a future land-use
scenario  targeting net negative carbon emissions. Earth's  Future, 2(9), 421-439.
https://doi.org/10.1002/2014EF000249

Kersuliene, V., Zavadskas, E. and Turskis, Z. (2010). Selection of rational dispute resolution method by
applying new step-wise weight assessment ratio analysis (Swara). Journal of Business Economics and
Management, 11(2), pp.243-258 https://doi.org/10.3846/jbem. 2010.12

Lee, S.R,, Lee, J., Lee, T., Tsang, Y. F., Jeong, K. H., Oh, J. I., & Kwon, E. E. (2017). Strategic use of CO2
for co-pyrolysis of swine manure and coal for energy recovery and waste disposal. Journal of CO2
Utilization, 22, 110-116. https://doi.org/10.1016/j.jcou.2017.09.018

Li, T., Li, A., & Song, Y. (2021). Development and utilization of renewable energy based on carbon emission
reduction—evaluation  of  multiple MCDM  methods.  Sustainability,  13(17), 9822.
https://doi.org/10.3390/su13179822

Liu, C., Jiang, Y., & Xie, R. (2019). Does income inequality facilitate carbon emission reduction in the US?.
Journal of Cleaner Production, 217, 380-387. https://doi.org/10.1016/j.jclepro.2019.01.242

Millot, A., & Maizi, N. (2021). From open-loop energy revolutions to closed-loop transition: What drives
carbon  neutrality?.  Technological  Forecasting and  Social Change, 172, 121003.
https://doi.org/10.1016/j.techfore.2021.121003

842


https://doi.org/10.1007/s10311-020-01059-w
https://doi.org/10.1016/j.jclepro.2018.06.116
https://doi.org/10.5194/essd-12-3269-2020
https://doi.org/10.5194/essd-12-3269-2020
https://doi.org/10.1016/j.eehl.2022.11.005
https://doi.org/10.1016/j.reseneeco.2009.10.001
https://doi.org/10.1016/j.jclepro.2014.08.047
https://doi.org/10.1080/1331677X.2015.1102404
https://doi.org/10.3390/su132413950
https://doi.org/10.1007/s12613-021-2374-3
https://doi.org/10.1016/j.jclepro.2015.04.098
https://doi.org/10.1016/j.jclepro.2016.09.135
https://doi.org/10.1088/1748-9326/abc3f0
https://doi.org/10.1002/2014EF000249
https://doi.org/10.3846/jbem.%202010.12
https://doi.org/10.1016/j.jcou.2017.09.018
https://doi.org/10.3390/su13179822
https://doi.org/10.1016/j.jclepro.2019.01.242
https://doi.org/10.1016/j.techfore.2021.121003

Journal of Advanced Research in Natural and Applied Sciences 2023, Vol.9, Issue 4, Pages: 831 - 843

Qiu, R., Xu, J., Xie, H., Zeng, Z., & Lv, C. (2020). Carbon tax incentive policy towards air passenger transport
carbon emissions reduction. Transportation Research Part D: Transport and Environment, 85, 102441.
https://doi.org/10.1016/j.trd.2020.102441

Rahimirad, Z., & Sadabadi, A. A. (2023). Green hydrogen technology development and usage policymaking
in Iran using SWOT analysis and MCDM methods. International Journal of Hydrogen Energy, 48(40),
15179-15194. https://doi.org/10.1016/j.ijhydene.2023.01.035

Sanchez, D. L., & Kammen, D. M. (2016). A commercialization strategy for carbon-negative energy. Nature
Energy, 1(1), 1-4. http://dx.doi.org/10.1038/nenergy.2015.2

Schirmer, J., & Bull, L. (2014). Assessing the likelihood of widespread landholder adoption of afforestation
and reforestation projects. Global Environmental Change, 24, 306-320.
https://doi.org/10.1016/j.gloenvcha.2013.11.009

Sharifi, A. (2021). Urban sustainability assessment: An overview and bibliometric analysis. Ecological
Indicators, 121, 107102. https://doi.org/10.1016/j.ecolind.2020.107102

Siegel, D. A., DeVries, T., Doney, S. C., & Bell, T. (2021). Assessing the sequestration time scales of some
ocean-based carbon dioxide reduction strategies. Environmental Research Letters, 16(10), 104003.
https://doi.org/10.1088/1748-9326/ac0be0

Siksnelyte-Butkiene, 1., Streimikiene, D., & Balezentis, T. (2022). Addressing sustainability issues in
transition to carbon-neutral sustainable society with multi-criteria analysis. Energy, 254, 124218.
https://doi.org/10.1016/j.energy.2022.124218

Sinha, R. K., & Chaturvedi, N. D. (2019). A review on carbon emission reduction in industries and planning
emission limits. Renewable and Sustainable Energy Reviews, 114, 109304.
https://doi.org/10.1016/j.rser.2019.109304

Sremac, S., Stevi¢, Z., Pamudar, D., Arsi¢, M., & Mati¢, B. (2018). Evaluation of a third-party logistics (3PL)
provider using a rough SWARA-WASPAS model based on a new rough dombi
aggregator. Symmetry, 10(8), 305. https://doi.org/10.3390/sym10080305

Terlouw, T., Bauer, C., Rosa, L., & Mazzotti, M. (2021). Life cycle assessment of carbon dioxide removal
technologies: a critical review. Energy & Environmental Science, 14(4), 1701-1721.
https://doi.org/10.1039/DOEEQ03757E

Toklu, M. C., Cagil, G., Pazar, E., & Faydali, R. (2018). SWARA-WASPAS metodolojisine dayali tedarikgi
secimi: tlrkiye'de demir-gelik endistrisi 6rnegi. Academic Platform-Journal of Engineering and
Science, 6(3), 113-120. https://doi.org/10.21541/apjes.441362

Van Vuuren, D. P., Hof, A. F., Van Sluisveld, M. A., & Riahi, K. (2017). Open discussion of negative
emissions is urgently needed. Nature energy, 2(12), 902-904. https://doi.org/10.1038/s41560-017-0055-2

Wang, H. F., Tang, C., & Zhang, Q. (2018). A review of precious-metal-free bifunctional oxygen electrocat
lysts: rational design and applications in Zn— air batteries. Advanced Functional Materials, 28(46),
1803329. https://doi.org/10.1002/adfm.201803329

Xuan, D., Ma, X., & Shang, Y. (2020). Can China’s policy of carbon emission trading promote carbon
emission reduction?. Journal of Cleaner Production, 270, 122383.
https://doi.org/10.1016/j.jclepro.2020.122383

Yoon, K., Oh, J. I, Tsang, D. C., Kwon, E. E., & Song, H. (2019). Catalytic thermolysis of oak sawdust using
Fe-based catalyst and co2. Journal of Cco2 Utilization, 32, 269-275.
https://doi.org/10.1016/j.jcou.2019.04.024

Yiicenur, G. N., & Ipekei, A. (2021). SWARA/WASPAS methods for a marine current energy plant location
selection problem. Renewable Energy, 163, 1287-1298. https://doi.org/10.1016/j.renene.2020.08.131

Yurdoglu, H., & Kundakci, N. (2017). SWARA ve WASPAS yontemleri ile sunucu se¢imi. Balikesir
Universitesi Sosyal Bilimler Enstitiisii Dergisi, 20(38), 253-270.
https://doi.org/10.31795/baunsobed.645105

Zhang, Y., Li, S, Luo, T., & Gao, J. (2020). The effect of emission trading policy on carbon emission
reduction: Evidence from an integrated study of pilot regions in China. Journal of Cleaner Production, 265,
121843. https://doi.org/10.1016/j.jclepro.2020.121843

843


https://doi.org/10.1016/j.trd.2020.102441
https://doi.org/10.1016/j.ijhydene.2023.01.035
http://dx.doi.org/10.1038/nenergy.2015.2
https://doi.org/10.1016/j.gloenvcha.2013.11.009
https://doi.org/10.1016/j.ecolind.2020.107102
https://doi.org/10.1088/1748-9326/ac0be0
https://doi.org/10.1016/j.energy.2022.124218
https://doi.org/10.1016/j.rser.2019.109304
https://doi.org/10.3390/sym10080305
https://doi.org/10.1039/D0EE03757E
https://doi.org/10.21541/apjes.441362
https://doi.org/10.1038/s41560-017-0055-2
https://doi.org/10.1002/adfm.201803329
https://doi.org/10.1016/j.jclepro.2020.122383
https://doi.org/10.1016/j.jcou.2019.04.024
https://doi.org/10.1016/j.renene.2020.08.131
https://doi.org/10.31795/baunsobed.645105
https://doi.org/10.1016/j.jclepro.2020.121843

e-ISSN 2757-5195

Canakkale Onsekiz Mart Univerrsity

Journal of Advanced Research in Natural and Applied Sciences

Open Access

doi.org/10.28979/jarnas. 1228740 2023, Vol. 9, Issue 4, Pages: 844-853 dergipark.org.tr/tr/pub/jarnas

Kidney Segmentation with LinkNetB7

Cihan Akyel*

Ministry of Education, General Directorate of Construction and Real Estate, Ankara, Tiirkiye

Article History Abstract — Cancer is a deadly disease for which early diagnosis is very important. Cancer can occur in many organs
Received:  03.01.2023 and tissues. Renal cell carcinoma (RCC) is the most common and deadly form of kidney cancer. When diagnosing

the disease, segmentation of the corresponding organ on the image can help experts make decisions. With artificial
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Research Article intelligence and image processing. The main advantages of these methods are that they do not involve human error

in the diagnostic process and have almost no cost. In studies of kidney segmentation with artificial intelligence, 3d
deep learning models are used in the literature. These methods require more training time than 2d models. There are
also studies where 2d models are more successful than 3d models in organs that are easier to segment on the image.
In this study, the LinkNetB7 model, which has not been previously used in renal segmentation studies, was modified
and used. The study achieved a dice coefficient of 97.20%, precision of 97.30%, sensitivity of 97%, and recall of
97%. As a result of the study, LinknetB7 was found to be applicable in kidney segmentation. Although it is a 2d
model, it is more successful than UNet3d and some other 2d models.

Keywords — Decision Support System, image processing, image segmentation, kidney cancer, LinkNetB7.

1. Introduction

The kidney is a vital organ that filters pollutants from the blood and provides for the excretion of waste
through the urine. Although there are several types of kidney cancer, the deadliest and most common form is
renal cell carcinoma (RCC). RCC accounts for about 90% of all kidney cancers. Kidney cancer can metastasize
to other organs through the bloodstream. For this reason, early diagnosis of kidney cancer is extremely
important. It is observed that metastases occur in about 30% of patients when renal cancer is first diagnosed
(Demir & Balgik, 2022).

The incidence of kidney cancer may increase due to factors such as smoking and physical inactivity. Early
diagnosis of cancer is very important to increase the survival rate of patients and prevent metastasis. Regular
screening is important for early detection of kidney cancer. Despite treatment, metastasis can occur in this type
of cancer (Koliiketi et al., 2019).

Although the diagnosis can be made by examining CT images, histopathologic examination is required for
definitive diagnosis of renal cancer (Devrim, 2019). CT images of the abdominal region are used to detect
renal cancer. However, CT images of this region also show other organs such as the liver (Uyetiirk et al., 2014).
In this case, the differentiation (segmentation) of the kidney on these images becomes important for the
diagnostic process.

RCC is the most common urologic cancer with a mortality rate of over 40% (Budak et al., 2013). Diagnosis of
RCC can be made by experts by examining ultrasound and/or CT images. Depending on the results, a definitive
diagnosis may be made by histopathological examination, if necessary. In the diagnostic process, segmentation
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of the kidney in abdominal CT images can be considered as the first step for both classical methods and
artificial intelligence-based methods.

To perform kidney segmentation with artificial intelligence algorithms, datasets containing masks suitable for
supervised learning are needed. One of these datasets is the dataset named "KiTS19 challenge dataset" in 2019
(KiTS19, 2019). This dataset is preferred in many studies because it is open to the right and allows comparison
with other studies.

The biggest challenge for the healthcare industry is to provide quality services at an affordable cost. At this
stage, decision support systems (DSS) can help the expert make the right decision. By using artificial
intelligence algorithms in decision support systems, greater success can be achieved (Kumar et al. (2011).

There are studies in the literature showing that LinkNet is more successful than UNet in segmenting medical
images (Kallam et al. (2020), Akyel and Aric1 (2022). The success of the models can be increased by hybrid
use in medical image segmentation. As an alternative to the 2d and 3d models in the existing literature, the
LinkNet-based LinkNetB7 model study was used. LinkNetB7 was preferred due to its flexible structure
(encoder-decoder architecture), its great success in medical image segmentation, and the fact that it is not used
in this field.

1.1. Literature Review

Deep learning models with a seeker-solver architecture provide successful results in medical image seg-
mentation. In models with this structure, features are extracted from images along coding blocks. Solver blocks
attempt to obtain output data corresponding to these features. Hsiao et al. (2022) obtained a dice coefficient of
96.90% using the KitS2019 dataset. In the study, an algorithm with an encoder-decoder architecture was de-
veloped. EfficientNetB5 was chosen as the encoder model. EfficientNet is an algorithm with high success
scores that was introduced by Google in 2019. In the study, images were subjected to contrast enhancement
before being imported into the system.

The dataset used for kidney segmentation with Deep Learning can directly influence success. In particular,
images where the kidney is not included in the dataset can reduce success. As a solution to this situation, some
studies do not include images that do not contain the kidney in the training. In the study by Da Cruz et al.
(2021), UNet was the preferred model. In the study, CT images that did not contain the kidney were extracted
and not included in the segmentation training. In the study, a dice coefficient of 96.33% was obtained with
KiTS2019 data.

In image preprocessing, removing the areas outside the kidney that are classified as noise can have a positive
impact on success. Zhao et al. (2020) presented a study on Kidney segmentation in 2020. In the study, they
used a UNet-based algorithm. It was found that the noise on CT can negatively influence the success. From
this point of view, it is found that the noise is cleaned in the data to be trained. In this study, a dice coefficient
of 96.69% was obtained using the KiTS19 dataset.

The UNet algorithm can be used as a hybrid with different models. Different models can be used for the coding
blocks in the UNet model. This increases the success and thus the number of features that can be extracted
from images. A review of the literature shows that models such as UNet and Effi-cient-Net and ResNet can be
preferred together. One of the studies that illustrates this type of usage is Li et al. (2022). In the study, residual
blocks, which are the basis of ResNet algorithm, are used together with UNet. Using the algorithm called Res-
UNet, an accuracy of 96.54% was achieved in the segmentation of kidneys. It was noted that proprietary da-
tasets were used in the study.

Pixel loss in the data being trained is one of the problems encountered in media image segmentation. System
constraint can be used to train the images of the dataset by reducing their size. In some studies, the images are
divided into slices to solve this situation. In a study by Haghighi et al. (2018), kidney images were segmented.
They used a dataset called DCE-MRI, which contains data from 30 patients. One of the most important aspects
of the study is the segmentation of each training image. In this study, a dice coefficient of 91.4% was obtained
using the UNet model.

LinkNet is a low training time model in the decoder architecture used in image segmentation. There are studies
in which it is more successful than the UNet architecture. One of these examples was presented by Akyel and
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Aric1 (2022). In their study, about 8% higher detection success was achieved in skin cancer image segmentation
than with the standard UNet model. In another study, a modified LinkNet model was used to segment histo-
pathological images. According to this study, LinkNet showed about 2% higher success (Kallam et al. 2020).

3d models are generally preferred for segmentation of organs such as kidney and liver. With this default, it is
effective that CT images can be trained in slices. However, there are also examples in the literature of 2d
models being effective for organs that are easier to segment, such as kKidneys. An example of this situation is
the work of Zettler and Mastmeyer, (2021). In the study, 2d and 3d UNet models were compared. According
to the comparison result, 3d UNet consumes more system memory than 2d UNet. UNet3d, in turn, requires 41
seconds more epoch time. UNet2d achieved about 1% higher success in liver segmentation and 2% higher
success in kidney segmentation. The reason for this is the low number of axial slices.

A review of the literature shows that a LinkNet-based algorithm is not used in kidney segmentation. In this
study, unlike the literature, the LinkNetB7 model was preferred. In the study using the KiTS19 dataset, the
images were divided into 36 patches to avoid pixel loss. Contract enhancement and normalization were applied
to the KiTS19 dataset. In the second part of the study, the models and methods used are described in detail.
The third section presents the obtained results compared to some studies. The fourth section summarizes the
study and discusses what can be done in future studies.

2. Materials and Methods

A publicly available dataset with CT images from KiTS2019 was used for the study. During the training
phase, the dataset was split into 80% training and 20% validation. The hyperparameters used are listed in Table
1. The results obtained with the 2d LinkNetB7 model used were combined and converted to a 3d form.

Table 1

Hyper parameters
Parameter Value
Learning Rate 0.0001
Optimizer Adam
Output Function Sigmoid
Loss Function DLMSE
Epoch Number 50
Input Size 256x256x3

2.1. Dataset

It consists of kidney images CT from 300 patients between 2010 and 2018 in the KiTS19 dataset. These images
are in NIFTI format and consist of a varying number of slices. In the study, the images in NIFTI format were
converted to jpeg format and used for training. All slices were combined into a single folder without distin-
guishing between patients. Information about the KiTS19 dataset that was used can be found in Table 2.

Table 2
KiTS19 Dataset
Parameter Value
Slice thicknesses range Immto 5 mm
Number of files in NIFTI format 300 (210 for Training, 90 for Test)
Number of images in jpeg format 432000 (360000 for Training, 72000 for Test)
Licence information Public CC BY-NC-SA

2.2. Pre-Processing Phase

First, normalization or contrast enhancement was performed with Clahe to distinguish the kidney from the
abdominal cavity by increasing the contrast difference between the images. This process is shown in Fig 1.

846



Journal of Advanced Research in Natural and Applied Sciences 2023, Vol. 9, Issue 4, Pages: 844-853

Original Image Normalization

Figure 1. Image processing steps

In the next step, the images of the dataset are divided into 36 layers with a resolution of 256x256. With this
method, there is no pixel loss for images up to 1536x1536 resolution, and pixel loss is reduced for higher
resolutions. In addition, the images that could not contain kidneys in the training images of the study were not
included in the system according to the mask value with the image processing technique. This process is shown

in Fig 2.
0 1 2 3 4 5
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B 3]
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Figure 2. The process of dividing the image into pathces

2.3. LinkNet and LinkNetB7 Architecture

Two features that distinguish LinkNet are its low training time and its success in medical image segmenta-
tion. This model was proposed in 2017. It consists of 4 coding blocks and 4 decoding blocks. In the coding
blocks, Res-Net18 is preferred to reduce the epoch time. As with the UNet model, LinkNet can also achieve
an increase in success by choosing different coding models (Chaurasia & Culurciello, 2017). The LinkNet
architecture is shown in Fig 3.
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Figure 3. LinkNet architecture (Chaurasia & Culurciello, 2017)

The LinkNetB7 algorithm is a LinkNet-based model. In this model, EfficientNetB7 is preferred as the encoder.
With the encoder blocks, the input image is reduced to half its size by pooling at each station. The attributes
are extracted from the images in the encoder blocks. The number of attributes extracted with EfficientNetB7
has been increased. In terms of cost, the epoch time was higher than for the standard LinkNet.

A middle block was added to the architecture, which was not included in the original model. The middle block
consists of a total of 3 3x3 convolutional layers with 1024 cores. Feature extraction is also performed between
the middle block and the encoder and decoder blocks. The image downsampled to 8x8 resolution in the decoder
blocks reaches 2x resolution with upsampling at each station. The activation function Relu is used.

Although the ResNet block added before the last layer increases the success by 0.1%, it was removed from the
original LinkNetB7 architecture because it increases the epoch time and makes the algorithm cumbersome.
Figure 4 shows the architecture of the algorithm. Encoder layers can be seen in Table 3.
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Figure 4. LinkNetB7 architecture (Akyel, & Arici, 2022)

Table 3

Encoder Layers
Phase Operator Resolution Channels Layers
1 Conv 7x7,/2 128 x 128 64 1
2 Conv 3x3 128 x 128 64 1
3 Block 1 — MBconv1 3x3 128 x 128 32 3
4 Block 2 — MBconv6 3x3 64 x 64 48 7
5 Block 3 — Mbconv6 5x5 64 x 64 80 7
6 Block 4 — Mbconv6 3x3 32x32 80 10
7 Block 5 — Mbconv6 5x5 32x32 224 10
8 Block 6 — Mbconv6 5x5 16 x 16 384 13
9 Block 7 — Mbconv6 3x3 16 x 16 640 4

2.4. Metrics

2.4.1. Dice Coefficient

Dice coefficient calculates the match between the real (Y) and predicted (X) segmentation areas. The for-
mula for dice coefficient is given in Equation 2.1 (Akyel, & Arici, 2022).

Dice Coefficient = (2 * | X N Y /(I X| + [Y]) (2.1)
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2.4.2. Loss Function

In this study, instead of using a single loss function, two different functions are combined and their advan-
tages are combined. The loss functions used are dice loss (DL) and mean square error (MSE). The main ad-
vantage of die loss is that it is successful against oversegmentation errors. MSE, on the other hand, can increase
success by reducing overall image details. As can be seen in Equation 2.2, the two functions are combined
under the name DLMSE (Akyel, & Arici, 2022).

DLMSE = MSE + DL (2.2)

2.4.3. Optimizer

In the study, adam was chosen as the optimizer. Adam is a stochastic gradient descent method (Akyel, &
Arici, 2022). Adam can achieve high success from less epoch nhumber.

2.4.4. Recall

Determines the accuracy rate of positively predicted data in the test dataset being actually positive (Akyel,
& Aric, 2022).

Recall= True Positive/( True Positive + False Negative) (2.3)

2.4.5. Precision

It is a measure of how positive predicted values in the test data set actually are. In Equation 2.4, the equation
for calculating the estimation value is given (Akyel, & Arici, 2022).

Precision= True Positive/(True Positive + False Positive) (2.4)

3. Results and Discussion

The model was run for 50 epochs with the parameters given in Table 1. Table 4 shows the results obtained in
comparison with some other studies. And in Figure 5, training graphic can be seen. For the segmentation of
images composed of layers, 3d models come to the fore because of their compatibility with this structure. 2d
models, on the other hand, can be used for segmentation of CT images by considering all the sliced images as
a single dataset. The biggest advantage of 2d models over 3d models is that they require less system resources.
There are examples such as Zettler and Mastmeyer, (2021) where the 2d model is more successful than the 3d
model in segmenting CT images of the liver. A look at Table 4 shows that the model used has a high degree
of success. The main reason why the used model is more successful is that the blocks belonging to
EfficientNetB7 were selected as encryption blocks.

Model Paerformance

10

0.8

0.6
— Acc

Metric

— Loss
0.4

0.2

004 &

1] 10 20 30 40 50
Epoch

Figure 5. Training graphic
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Table 4

Comparison Results
Reference Method Dice Coefficient Precision (%) Sensitivity (%) Recall (%) Dataset

(%)

Hsiao et al., 2022 EfficientNetB5 96.90 97.47 - 96.45 KiTS19
Dacruzetal.., 2020 UNet2d 96.33 - 95.32 - KiTS19
Zhao et al., 2020 UNet3d 96.90 97.10 - 96.80 KiTS19
Li etal., 2022 ResUnet 96.54 - 96.49 - Own
Haghighi et al., UNet3d 87.50 92.7 - DCE-MRI
2018
UNet2d UNet2d 96,50 96,55 95,90 96.20 KiTS19
UNet3d UNet3d 96,80 96,85 96,10 96.25 KiTS19
Used Model LinkNet 96.62 96.58 96.97 96.18 KiTS19
Used Model LinkNetB7 97.20 97.30 97 97 KiTS19

3.1. Ablation Study

In this study, an ablation study was performed to investigate the effects of segmentation (ES), use of
EfficientNetB7 as an encoder (EB7), contrast enhancement, and normalization methods (CN) on success. The
results are shown in Table 5. Figure 6 shows examples of mask estimates.

Table 5
Ablation Study

Structure Dice Coefficient (%)
LinkNetB7 90

LinkNetB7 + ES 91.75

LinkNetB7 + EB7 94.05

LinkNetB7 + KN 91.80

LinkNetB7 + ES 92.04

LinkNetB7 + ES + EB7 95,35

LinkNetB7 + ES + EB7 + CN 97.20

Ground Truth UNet UNet3D

LinkNetB7

Figure 6. Sample segmentation results
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4. Conclusion

The results obtained in the study show that the LinkNetB7 model has a higher success than the other com-
pared models. The success was 0.4% higher than that of the 3d-UNet model. The main reason is that segmen-
tation is easier in kidney images and the number of layers is less. In addition, the success of the architecture in
segmentation was also higher compared to UNet3d. There is no other study in the literature that uses
LinkNetB7 for kidney segmentation. Therefore, this study found that the LinkNetB7 model was suitable for
kidney segmentation. LinkNetB7 that is 2d model was preferred because of its accuracy in medical segmen-
tation. Also 2d model requires fewer system memory than 3d models.

As can be seen in Table 6, the 2d LinkNetB7 model used requires less epoch time than 3d UNet + Efficient-
NetB7. Although the basic UNet model requires relatively less epoch time than LinkNet, the fact that LinkNet
is more successful than UNet puts the LinkNet model forward. Also it was seen that the LinkNetB7 model has
high success values in kidney segmentation.

Table 6
Training times
Model Epoch Time (min)
UNet3d 9.60
UNet3d + EfficientNetB7 13.10
LinkNet 8.70
UNet2d 8.55
LinkNetB7 11.10

As the resolution and number of images in the image datasets used in deep learning methods increase, the
systems become insufficient. The slicing method can be used to solve this situation. In future studies, the
system can be trained by using more epochs with higher input size in a system with better hardware. In future
studies, different encoder models can be tried to consume less resources without decreasing the success rate.
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industrialization started very late and were not mature enough, could not reach the desired level in terms of real estate
Research Article valuation. In other words, lagging in industrialization naturally leads to being late and behind in the real estate valu-

ation branch, which is an output of industrialization. The problem created by this situation cannot remain local in
today's socioeconomically globalized world. Therefore, the problem affects the whole world and developed countries.
In this context, as an example, this study presents the contradictions related to the real estate legislation in Turkey
and the application errors in valuation and offers suggestions for the elimination of all these.

Keywords — Real estate, valuation, development, public administration, regulations, cost analysis

1. Introduction

Economist M. Porter (1990) states that the competitiveness of a country depends on the development and
innovation capability of its industry. The need for property, which has increased with industrialization, has
also increased the importance of the correct valuation of properties. After the industrial revolution, the cadas-
tralization of the lands with the licensing of the buildings and their taking them under the guarantee of the state
was now an obvious necessity. In the following years, depending on the population concentration in the cities,
lands and structures became subject to purchases, rents and guarantees, and immovables became more im-
portant elements of capital than ever before. At the end of the 20th century, determining the values of real
estate became more significant than ever for the public and private sectors. In particular, the increase in popu-
lation, the decrease in agricultural areas and the increase in urbanization were constantly increasing the values
of immovables. Today, the fact that the real estate sector triggers the global economic crisis that has emerged
especially in the recent period shows the importance of connecting real estate valuation activities to interna-
tional standards. Because an established real estate valuation system produces fair and predictable results in
practices such as the determination of public financial values, taxation, privatization, expropriation, and cred-
iting. It guides in terms of insurance and capital market risks. For these, public administration valuation stand-
ardization should primarily be carried out with legal regulations and practices that will not cause conflicting
results in public real estate.

Towards the 2000s, professions to determine the price of real estate for a fee began to be seen in many organ-
izational structures all over the world (Morgan 1998; Ramsey 2004). The 2008 global financial crisis, which
started due to the real estate markets, further demonstrated the importance of real estate valuation expertise
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(Zrébek et al. 2013). Greater emphasis has been placed on the regulation of valuation services. There has been
a lot of work in the literature on the concepts of real estate development and valuation, its applications, and its
effects on urban transformation (d'Arcy et al 1997, Donaldson and Van der Merwe 1999, Palicki and Racka,
2016, Lai and Lorne 2019, Kog¢ 2021a, b, ¢, Kog ve Cicek 2021). By 2020, more than 60 countries now have
valuation professional bodies that are members of the International Valuation Standards Council (IVSC 2020).
Especially for today, it can be said that real estate trade is tightly regulated all over the world (RICS 2022). S.
Bartke and R. Schwarze (2021) point out that in practice, nothing else is so strictly defined and controlled by
laws as zoning laws. The inability to update the market values of properties over time according to the current
selling price trend is an important reason for the global economic crisis that started in 2008 (Taylor 2009;
Mooya 2011). Another reason is the inadequacy of the methodologies used to evaluate market values, which
mainly require lengthy processes (D'Amato and Kauko 20017). Direct estimates may be affected by accepted
approaches and lead to erroneous results (Bitner 2008; Downie and Robson 2008). As a result, the inadequacy
of the valuation methods adopted by credit institutions created problems in the financial transmission of the
housing price bubble in the USA. The static structures of valuations and the inability to understand complex
socio-economic dynamics and their effects on the real estate market have led to the global economic crisis
(Marco et al. 2020). The International Valuation Standards define a uniform and common guidelines among
professionals to guarantee a unique code based on the same principles and rules and the public interest in
valuation models (Gilbertson and Preston 2005). The need to control uncertainty aims to prevent or at least
reduce the possibility of systemic financial and economic market crises, similar to those that occurred in the
US subprime in 2007 (Marco et al. 2020).

The real estate sector and the determination of real estate values have become some of the most important
elements of global economic relations, beyond being local. In this context, global organizations such as the
United Nations, the World Bank and the European Union constantly emphasize the duties of the public admin-
istration in ensuring the transparency of the real estate market and establishing the real estate valuation system
in their directives and statements (Eriksson et al. 2005; EC 2006; Peldschus 2010). Since the real estate sector
is the trigger of the recent global economic crises, international scientific real estate valuations are being tried
to be standardized (Cete and Yomralioglu 2013; EU 2004). Because real estate valuation; is also important in
investment and stock market transactions, value and property records, and concepts such as cost, reconstruction
and replacement (A¢lar and Cagdas 2002). The successful realization of the valuation directly depends on the
determination of the properties of the real estate and the selection of the valuation criteria and method accord-
ing to the market of the real estate based on this (Erkek et al., 2021). In the public and private sectors, it is very
important to record the precedent values according to the properties of the immovable with a correct and proper
system and to create a database. A standardized valuation system needs to be revised according to needs in
line with the principles of continuous improvement. Thus, both fairness and transparency and healthy and
sustainable real estate valuation are ensured (Erdem, 2020).

2. The Problems Investigated in This Study

In Turkey, especially in the valuation of public real estate, only the cost value is taken as the value of the
real estate together with the land share. It is not correct to take the value of the real estate as equal to the cost
spent in creating that real estate. Even determining with precedent values cannot be completely accurate. No
real estate can be the same as other real estate. First, its point location is unique. For value, the property's
unique social and natural environments must be considered. Based on the best usability of the property, the
current value of the income that can be generated from the property over its future life should also be included
(Bartke and Schwarze 2021). Van der Spek (2017)'s research has shown that real estate is perceived as a long-
term income. So, this should be reflected in the valuation of the property. Thus, although the property can be
valued using a variety of valuation methods, Vrbka et al. (2019) focused on the synthesis of valuation methods
that determine the total amount of investment. Indeed, according to A. Sharkawy and W. Barnes (1992), there
is no significant relationship between value-based underwriting criteria and default, and strict cost-based cri-
teria are closely related to the probability of default. This shows that the valuation cannot be made with purely
cost calculation, and the possible return on investment of the property must be considered. A market value
estimate includes not only the continued use of the asset in its current state but also its full potential use. At
the core of market value estimation is the concept of highest and best use (Appraisal Institute 2008). VValuation
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is the activity of estimating the most probable selling price or 'market value' (D'Amato 2015). Taslan et al.
(2013) state that the replacement value should be applied to appraise a house with social housing status. To
determine the replacement value, operating expenses such as administration, maintenance, taxes, and insurance
must be subtracted from the expected operating income such as rent and residual value. Because of the below-
market rent, the replacement value of a social home will be lower than that of a private residence. This differ-
ence determines the market price discount range for development sites (Taslan et al. 2013). In any case, how-
ever, it is necessary to reflect the entrepreneur's earnings on the replacement value for social housing as well.

The fact that the expropriation and privatization and registration activities of the public are carried out by
commissions formed in-house and composed of personnel who may not be very competent in valuation exper-
tise, makes it difficult to determine the real values. This situation creates problems in public finance and the
registration of public property values. It causes situations such as the possible reflections of public real estate
values on the market to mislead the market, or especially expropriation activities are subject to objections and
lawsuits. In practices in Turkey, the commissions that make the valuation of public immovables are generally
composed of the employees of the public institution that owns the immovable. Most of these employees do not
have competency in valuation expertise. The valuation of public buildings is usually made using the cost
method as a customary method. As the value, the sum of the progress payments paid by the public institution
to the contractor while having the building constructed is taken. The problem, however, is that entrepreneurial
profit is not reflected in this value. As a result, the data files that will form the real estate valuation information
system and the reflection of the values available in the market are adversely affected. Because, taking the value
of the building equal to the price paid only for the construction of the building, that is, the cost, cannot be a
correct approach in terms of market conditions and practices. In the cost value method, the profit of the entre-
preneur, which is essentially different from the profit of the contractor, must also be reflected in the value.
Keeping public buildings separate from this reality will result in the accounting of government properties not
reflecting the real situation. This creates risks for the sustainable economy. In this study, this issue was em-
phasized by taking examples from the literature and applications. University campuses are often far from city
centers and trading counterparts are difficult to find. For this reason, it is difficult to reflect the entrepreneur’s
profit to the cost value found from the progress payments also. For these reasons, especially the valuation of a
college campus has been taken as an example, in terms of representing public immovables.

Moreover, in Turkey, two separate legal communiqués, one about the property tax and the other about the
approximate unit cost of the structures, give different results, up to 25%, in the cost calculations for the same
type of buildings. This situation causes contradictory data in the building information files, which are important
for the real estate valuation system. In this study, this situation is also examined with legislative comparisons.

3. The Importance of Accounting for Public Immovables and the Situation in Turkey

There are criticisms in the literature focusing on the role that accounting standards played in the 2008 global
financial crisis (André et al. 2009; Bengtsson, 2011; Quagli & Ricciardi, 2010). Because accounting standards
can affect resource allocation and a wide range of social actors (Farjaudon and Morales, 2013; Kothari et al.
2011; Llewellyn and Milne, 2007). For these reasons, it becomes important to include the public interest among
the objectives of accounting regulators (Stuebs & Wilkinson, 2014). For these reasons again, both the European
Union (EU) and the United Nations Inter-Agency Standing Committee (IASC) demand international harmo-
nization of financial accounting standards. The institutional framework, historical background and current
achievements of national accounting regulations are reviewed and compared by the EU and IASC. Therefore,
national standard setters have important duties related to this process. Policies should be developed to ensure
that national and international standard setters work in a mutually supportive manner rather than in a compet-
itive manner (Thorell and Whittington 1994). However, problems in some national accounting standards could
not be resolved in Europe. For example, the application of elements of the International Financial Reporting
Standards based on the EU accounting Directive (2013/34/EU) to Czech accounting standards is still only
partial (Jindrichovska and Kubickova 2017). Turkish accounting standards are also being tried to be regulated,
but as discussed in this section, the desired successes have not been achieved yet. However, there are of course
positive examples. For example, Sally Aisbitt (2002) notes that the first discussions of legal harmonization of
financial reporting in Scandinavian countries were reported in the 1930s. Thus, financial reporting began early
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in the Nordic countries, and legislation implemented in the 1970s was based on the proposal for a common
Scandinavian Companies Act (Aisbitt 2002). The state, which is the highest level of social organization, must
provide justice and security in society. These are the classical duties of the state. However, modern functions
of the state such as economic development, fair income distribution, employment and stability have also
emerged. To fulfil all its functions, the state becomes partners with the economic resources of the society
through taxes, debts, purchases, and leases. It gives them back to society through utilities, purchases of goods
and services, or transfer expenditure. These activities of the state cause various effects in terms of macroeco-
nomics. These effects should be able to be measured and evaluated with government accounting. In addition
to current assets such as income and expense items of the government, fixed assets that make up its assets are
also included in the accounting. Because, in the public economy, what the state receives from the social seg-
ments and gives to them becomes clear only when the changes in the values of the state assets are taken into
account in a period. These changes can be physical, such as wear and tear, or financial, such as profit and loss
(Giingor, 1981).

In all societies, the state uses 25% or even more of the national income. Thus, the state is the largest institution
that creates value movements in the economy. There is a special accounting system developed for the record-
ing, tracking and auditing of these assets since the state is the largest resource collector and allocator in the
economy. Thanks to this system, it is possible to monitor and control the values that the state receives from
the national income (Aksoy, 1994). As a concept, property accounting refers to the acquisition of fixed assets
of the state by purchasing or similar means, their use, evaluation, and disposal, keeping their records in a
certain system and monitoring their physical and monetary changes (Bulutoglu and Kurtulus, 1988). Fixed
assets are goods such as buildings, land, vehicles, movable properties, and fixtures. The values of fixed assets
must be determined correctly. Because the benefit to be obtained from a good depends, first of all, on knowing
the value of that good. However, in Turkey, although some accounts were included in the context of property
accounting in the past in government accounting, which has been in practice for more than a century, these
accounts were not operated due to various reasons, especially implementation difficulties (Kizilkaya, 2002).
Until 2004, there was no "property accounting™ in the government accounting system. The basis of government
accounting system was based on the collection of revenues, payment of expenses, and advance, escrow, and
dispatch transactions. The fixed assets that make up the state's assets were not seen in the accounts of the
accountancy and were not included in the trial balance accounts (Altinok, 1973). In addition to these, there
were also deficiencies in Turkey, such as the fact that government accounting was based on cash, lacked clas-
sification and coding, and hindered accountability because it was not suitable for financial reporting (Keri-
moglu, 2002). Based on these points, the legislator enacted the Public Financial Management and Control Law
No. 5018, which includes reporting and financial control, aimed at creating public accountability and financial
transparency to ensure more effective, economic, and efficient use of public resources.

The law introduced new reforms in public finance (Ugbas, 2004). A system is suitable for accounting and
auditing by international standards is envisaged. (Aslan, 2004). Several innovations have been introduced in
the context of accounting for fixed assets that constitute the state's assets, both with this law and with the
regulations. For example, according to Article 58 of the Government Accounting Regulation, fixed assets in-
clude assets that are acquired for use for more than one year and are not expected to be converted into cash or
consumed within one year.

Determining the value of the land is one of the responsibilities of the General Directorate of Land Registry and
Cadastre (TKGM in Turkish) in Turkey (TKGM 2020). Although there are some academic studies investigat-
ing collective valuation with advanced statistical and machine learning techniques, there is no official defini-
tion of real estate value and annual property tax assessments representing market values (Giines and Yildiz
2015, 2016). In this context, TKGM initiated some parcellation projects within the scope of the Land Registry
and Cadastre Modernization Project (World Bank 2008). In 2018, TKGM Land Valuation Department was
established to determine the value of immovables by collective valuation methods and to manage the valuation
information centre (Official Gazette 2018). It is possible to evaluate vacant lands and similar low-income
places with the market price method, buildings and similar fixed facilities with the cost method, and income
lands and lands with the income capitalization method (Giingdr 1981). Undoubtedly, a good government ac-
counting system must include property accounts (fixed assets) as well as cash accounts (current assets). The
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concept of efficiency, which was mostly expressed for public expenditures in Turkey until 2004, has now
begun to be used for the fixed assets of the state, which are included in the state accounting system. Because
Article 1 of the Law stipulates the effective, economic, and efficient use of public resources. Also, in the 4th
article of the Law, movable and immovable properties are counted within the scope of public resources. As
the quantity and quality of the fixed assets of the government will be included in the knowledge of public
financial management, the management of these assets will become more effective. Otherwise, especially im-
movable properties, which are included in public resources, are not used in place and on time, they are left idle
and thus the benefits to be obtained from them are deprived (Arslan 2004).

Accounting for the fixed assets of the state will also prevent the unbalanced distribution of goods between
institutions. The fact that the fixed assets of the state are out of the accounting system results in an incomplete
preparation of the state's balance sheet. However, good government accounting should not leave any transac-
tions out of accounting and the accounts in question should be suitable for consolidation, in the context of
providing information that can shed light on economic and fiscal policies. To achieve this, the State Accounting
Regulation, which includes public institutions and organizations, has been put into effect (Bagbaslioglu, 2004).
Because in Turkey, it has long been desired to bring public financial management to a modern financial control
system by ensuring that public accounts are kept and reported by international standards and EU norms.

Based on developments in government accounting, international financial institutions such as OECD, IMF,
World Bank and economic and political unions such as the EU need to create financial statistics and reports of
other countries (Kerimoglu, 2002). Because these institutions especially want the balance sheet of the country,
they want to give loans. In this framework, government borrowing will be more rational, as property accounts
will show the real state of the state's fixed assets (Akca, 1998). Since the expenses for the acquisition of fixed
assets are capitalized and depreciated, government accounting will become solid and reliable data for public
financial management.

4. The Importance of Valuation of Public Immovables and the Operation in Turkey

To use the immovables in public and private property by making cost-benefit analyses in line with the
needs, their current values in the market should be determined. Real estate values: in addition to many trans-
actions such as expropriation, insurance, privatization, and nationalization, it is also used for balance sheet
accounts and transfer transactions in public administrations (Soto, 2017). Immovable values: it is necessary
information to know on subjects such as buying-selling, investment and inheritance sharing. Public real estate
also needs a valuation. For example, in Sweden; in the calculation of capital costs to produce services, in
selling high-priced immovables and switching to cheaper immovables, in calculating the financial situation by
including the value of the immovables to get a good rating from the government, in the transfer of public
immovables in the local and regional administration of the central government, in the privatization of service
buildings sold by the public or there were problems in pricing the immovables rented out and the value of
public immovables was needed (Lundstrom & Lind, 1996).

The global real estate market consists of national public and private markets of local economies united across
borders. Both public and private real estate play important roles in the value of real estate market offerings.
The greater financial transparency of the European and North American economies has resulted in consistent
patterns being established in both public and private real estate market cycles. But Asia's public real estate
market cycles are volatile and there may be economic instability (Liow & Yeo, 2018). Asian markets are
predominantly dominated by construction activities. Therefore, it is important for also global markets that real
estate valuations are standard and scientific in these markets.

According to the annual report of the General Directorate of National Real Estate (MEGM), there are approx-
imately 4,5 million Treasury properties in Turkey, which constitute approximately 37,6% of Turkey's surface
area (MEGM, 2020). Owners of privately owned immovables have the right to dispose of their immovables as
they wish, within the framework of legal rules (TMK, 2001). However, in areas where the benefit of the indi-
vidual meets the benefit of the community, the benefit of the community is held superior (Constitutional Court
of the Republic of Turkey, 1966). The public administrations of the central government within the scope of
the general budget are represented by the legal entity "State", the immovables it acquires are registered under
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the name of "Treasury" and are managed by the Ministry of Environment and Urbanization. The immovables
belonging to other public administrations are registered in the land registry on behalf of their legal entities and
each public institution manages it by itself. According to the Public Financial Management and Control Law
No. 5018 (Public Property, 2003) and the Regulation on the Registration of Immovables Owned by Public
Administrations (Public Record, 2006), the relevant institution is responsible for ensuring financial transpar-
ency regarding immovables and is monitored by the Ministry of Treasury and Finance. By the standards spec-
ified in the General Management Accounting Regulation, the accounting of immovables is ensured by making
use of the Central Government Accounting Regulation. In administrative law, State and local administrations
are defined as "public legal entities in the form of a group of persons”. Public legal entities in the form of a
collection of goods are also called 'public institutions' (Go6zler, 2011). Examples of public institutions in Turkey
are Universities, the General Directorate of Foundations, the General Directorate of Highways, the General
Directorate of State Hydraulic Works, Capital Markets Board (Public Property, 2003).

State property in Turkey, on the other hand, is divided into two public goods and private property of the state.
Public goods are derelict places, common goods and service goods. There are separate official norms such as
Forest Law, Pasture Law and Coastal Law for some of the derelict places and common properties and they are
traded within this scope. Service Goods are the goods registered in the land registry of other public legal
entities other than the State Legal Entity. Private goods of the state are goods that are not public goods and
contribute indirectly to the provision of public services with income. In other words, such goods are not allo-
cated for public benefit or public use (Arslan 2017; MEGM 2019). The treasury lands and the facility of state-
owned enterprises are the private property of the state within this scope. State property; while it is used socially
in public services (such as government mansions, hospitals and schools) and for the general benefit of the
public (such as roads, squares and pastures), it is also economically used for financial purposes (such as the
sale or lease of treasury lands) (Soyler 2005a, 2005b). It is stated that there is a complexity about the places
under the rule and disposal of the state, and it is still difficult to distinguish these goods from each other from
past to present (Arslan 2017; Soyler 2007). The legal vacuum continues and there is a problem because “there
is no clear distinction between private property owned by public legal entities and the status that public goods
are subject to” (Kaplan 2004).

In the recording and accounting of public immovables as immovable value; records are kept on cost value, fair
value, trace value and property tax value. The immovables under the title of "Immovables Registered in the
Land Registry" are recorded over their cost value, and those whose cost value cannot be determined from these
immovables are recorded over their current values (Public Record, 2006). The “cost value” is the sum of the
current progress payment amounts paid for the manufacture of a building, the expropriation price or the pur-
chase price, the expenses on the land title deed, the expenses made to make the real estate usable, or the sum
of the values given. The current value corresponds to the normal trading value on the valuation day. However,
in Central and General Management Accounting Regulations, the term “fair value” was accepted instead of
“current value” (Public Record, 2006). In accounting, immovables acquired from tangible assets are considered
at cost. However, for the building value, the profit of the entrepreneur should be reflected in the cost price.

The RICS EU (2008) on Sustainable Property Investment and Management highlighted an important issue
when it stated: Even if professionals do not have a deep knowledge of the value of liquidity, there is a great
deal of risk when they treat the property as an asset class with another degree of liquidity. Because Property
assets are illiquid and have high transaction costs and are geographically related. In various previous studies,
spatial relationships were discussed in real estate market analysis (Thibodeau et al., 1998; Bourassa. et al 2007,
Des Rosiers et al., 2000). On January 17, 2020, the European Securities and Markets Authority initiated a
consultation on draft guidelines on the completeness and consistency thresholds of securitization repository
data. It aimed to set out the key elements of disclosure obligations for securitization transactions, as well as
the operational standards of securitization. As a result, the stored data would improve information flows and
data access, with the development of a centralized database built on environmental data for the financial sector
(Richter 2020).
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5. General Situation of University Real Estate in Turkey

Places under the rule and disposal of the state, places in the common use of the public, places reserved for
the performance of public services, immovables under the private ownership of the Treasury and State Prop-
erties under the administration and management of the State. Among these, the goods registered with the public
legal entity and the use of which are in the public interest are public immovables (Cadastre 1987). Some of the
immovables registered with the public legal entity are those belonging to universities. According to the histor-
ical development of universities in Turkey, campuses generally established outside the city consist of public
immovables used by universities (Aydin, 2019). These immovables were mainly obtained as a result of the
allocation of treasury or forest lands. Privately owned immovables were expropriated and registered in the
name of the university. However, it is seen in the activity reports of the universities that there are immovable
properties still waiting for expropriation.

For the immovables under the ownership and use of the university to be managed sustainably, good manage-
ment should be ensured by incorporating their past and present features into a system. Universities should offer
a livable campus life to future generations by better managing the immovables in their use. Establishing a
parcel-based information system for this; is necessary to plan for protecting natural resources such as water,
soil and living things in nature. In addition to an up-to-date, accurate and reliable cadastral map and title deed
information such as property and value, zoning plans, topographic maps, geological maps, and other produced
maps are also needed. In the real estate type of Universities in Turkey, the land is generally denser. Most of
the universities have their legislation on real estate administration. The immovables managed by the universi-
ties may consist of piecemeal parcels on different campuses. The reason for this is in universities that are open
to continuous development and technology, opening new departments, increasing student quotas. Universities
are growing in parallel with the developments, and some land needs arise. In this context, valuation information
should be obtained so that university immovables can be managed and planned very well.

State universities, by the State by law; foundation universities can be established by foundations subject to the
supervision and control of the State (Constitution of the Republic of Turkey, 1982, Article 130). According to
the statistical data for the year 2018-2019, there are 129 state universities and 74 foundation universities and
4 foundation vocational schools in Turkey (YOK 2020). Higher Education Institution and Universities; it is
classified as a special budget administration within the scope of the central government. The immovables
registered in the name of the university in the land registry are service goods within the scope of public goods
(Arslan, 2017). University immovables are permanently exempt from property tax, if they are not rented out.
It is also exempt from fees and stamp tax (Tapu 2014).

6. As an Example, Valuation of a College Campus in Turkey

Public immovables are public properties that are reserved for use in public services and that are identified
in the name of legal entities in the land registry. University real estate is classified as public property. To
inventory and account for these goods, their values should be calculated objectively (Unel 2021). The estab-
lishment of a valuation infrastructure is essential to determine the classes of immovables and to manage them
sustainably. In this section, as an example, immovable properties in a high school campus in Turkey are dis-
cussed. The factors that show the characteristics of the immovables and affect their value and their arrangement
are exemplified. Common mistakes made in practice are shown and what should be done is explained. In other
words, the path to be followed for the use of data in valuation analysis has been determined.

There are common practice errors in registering and accounting for immovable and movable properties of
universities, which are public institutions. For example, in Turkish Universities, real estate valuation studies
are generally carried out by collecting the amounts paid within the scope of progress payments for immovables
whose tenders have been made and whose construction has been completed by the university. In the 2019
External Audit General Evaluation Report of the Turkish Republic Court of Accounts, published in September
2020, it is stated that one of the most common mistakes is not reflecting all aspects of the transactions of public
institutions' real estate in the financial statements. The most common errors detected by the auditors of the
court of accounts are that the immovables registered in the land registry in the name of the administration are
not included in the institution's financial statements and the types of the immovables are not corrected.
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The vocational school, which is the subject of the research, is located on the main real estate with a surface
area of 44,000.00 m? and in the area marked as university in the zoning plan. There is an education block, a
canteen building, an indoor parking lot, an energy block, a centre of the heat, a basketball court and guard-
houses which were completed within the boundaries of the vocational school campus and used in education
and training services. The prices paid to the contractor firm within the scope of the tender for the buildings
used in the education and training services of the university were determined and used in the valuation with
the cost method. With the completion of the construction of buildings or other structures, their temporary
acceptance is made and a real estate valuation report is created. However, in public institutions, construction
costs may change in final acceptance (Final Account) transactions after the tender period. For this reason, there
may be changes in the expenditures of the building or other productions after the final acceptance. In this case,
these changes are reported to the relevant unit based on the recorded immovable valuation report with their
reasons, and a correction is requested.

Since public buildings are built for a specific purpose, they are structures that are not subject to purchase and
sale. In the valuation of these structures, it is tried to determine their values by using the cost method. Cost
method: instead of purchasing real estate, it considers the possibility that the same real estate or another real
estate that will provide the same benefit can be built. This method aims to arrive at the cost value of the real
estate on the valuation day. Cost approach: it is at the forefront in the valuation of properties that are not
frequently traded in the market, in the valuation of buildings with private use, and when it is not an income
generating property. In Turkey, especially the Real Estate Tax Law No. 1319 and the Expropriation Law No.
2942 envisage the valuation of built real estate using the cost method.

Since there are many buildings on the main immovable campus examined; the value of the main immovable
will be determined by the peer comparison-market research method, as recommended in the Real Estate Tax
Law, and the land value will be specified separately. Negotiations were held with local real estate companies
to apply the peer comparison method in the district centre where the campus is located, and the average current
price of the real estate was determined as 225 TL/m2. In this case, the value of the real estate, which is 44,000
m?, is 9,900,000 TL.

The construction was completed after the tender of the building immovables by the University in May 2014
and their provisional acceptance in December 2019. The total progress payments paid to the contractor by the
administration while the buildings are completed and put into service are taken into the immovable records,
and the immovable value is accepted as the construction cost. In the Regulation on the Registration of Immov-
ables Owned by Public Administrations published in the Official Gazette dated October 2, 2006, and numbered
26307, productions are divided into classes according to the title deed. According to this regulation, outside
the buildings, infrastructure, landscaping, etc. productions must also be recorded in the immovable records.
However, there is one thing that should not be ignored. Movable materials within the scope of construction
work are determined and a list is created. The costs of movable materials are reduced from the progress pay-
ments. Because these materials are within the scope of the tender and are in immovable buildings. Thus, the
registration of both movable materials and immovable properties is determined and movable and immovable
properties are recorded.

All buildings are on the same campus, within the same building construction site. Building styles are reinforced
concrete carcasses. Building classes are determined as IVV/A (university campuses) in the construction permits.
The wall filling material of all of them is aerated concrete and the floor is a reinforced concrete plate beam
system. The wastewater system of the buildings is sewerage, and the drinking water system is the city network.
There is no wastewater or drinking water system in the energy building. There is no drinking water system in
the parking garage building and the guard's hut. There is no communication system in the energy building and
the parking garage building. There is no water tank in any of the buildings except the heating centre. The
generator is only available in the education-administration building. Other information about the buildings is
summarized together in Table 1. The building cost values shown in the last line of Table 1 are obtained from
the sum of the progress payments paid to the contractor company for the buildings.
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Table 1
Building Features and Cost Values

Eduction- Energy  Cafeteria Parking Watch box Guardhouse Heating cen-

admnist. building garage ter

building
Floor area 3,000m?  441m?  475m? 275 m? 2x7.3m? 30m? 475 m?
Number of floors B+G+4 B+ G 3 G+1 1 1 1
Height above the road 225m 75m 8.8 m 9m 3m 4m 7.3m
Total height 225m 9.6 m 135 m 9m 3m 4m 7.8m
Construction year 2018 2018 2014 2014 2014 2014 2014
Heating system central none central none ] O/ AC none
heating fuel NG none NG none E E none
Hot water supply joint none joint none none WH HWB
Hot water fuel none none none none none E NG
Lift available none available available none none none
Disabled lift available none available available none none none
Exterior NS/A. PP NS/A PP A A PP
Fire escape available none available none none none none
Canteen none none available none none none none
Closed area 9,000m>  800m?  1,300m?  2250m?  2x10m? 30 m? 500 m?
Cost (thousand TL) 10,000 700 2,750 1,300 98.5 150 1,500

* B: basement , G: ground floor, O: oil radiator, AC: air conditioning, NG:natural gas, E: electric, WH: water heater,

HWB: hot water boiler, NS: natural stone cladding, A: aluminum facade cladding, PP: plaster- paint.

Infrastructure and Landscape productions were made by the project within the scope of the tender, and the sum
of the progress payments paid to the contractor company constitutes the infrastructure cost value. These values
are 3,500,000 TL for infrastructure production and 3,750,000 TL for landscaping, and they are recorded in the
real estate records as infrastructure and landscape values. Infrastructure, 950 m. Wastewater line, 270 m. re-
taining wall, 500 m. road construction, 650 m. rainwater line and 280 m. It consists of gallery production.
There is landscaping covering a total building construction area of 44,000 m? within the landscape production.
In addition, the basketball court and grass amphitheatre with an area of 17x30 m are also included in this
production. According to these, the construction costs of the buildings, infrastructure and areas on the campus
were calculated from the progress payments, and the construction costs shown in the 1st column of Table 2
were obtained. While calculating the payments of the structures according to the progress payments, the values
including the Price Difference and Value Added Tax (VAT) should be taken as basis. Otherwise, the valuation
to be made according to the cost method will not give the correct information. After the calculation of the Total
Campus Construction Cost, the goods that are within the scope of the tender but will have the status of movable
material should be listed and deducted from the progress payments paid on a building basis (Air conditioning,
computers or devices that can be found in the electrical or mechanical room, etc.). These values are given in
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the 2nd column of Table 2 . The movable material costs are specified in the 2nd column of Table 2; By de-
ducting the building construction costs given in the 1st column, the basic construction costs of the building or
other structures are obtained and shown in the 3rd column.

Table 2
Campus building costs in separate units and in total

Buildings construction costs  Movable materials costs  Buildings Costs

Education-administration building 10,000,000 400,000 9,600,000
Energy building 700,000 2,000 698,000
Cafeteria 2,750,000 10,000 2,740,000
Parking garage 1,300,000 - 1,300,000
Watch box- Guardhouse 250,000 1,500 248,500
Heating center 1,500,000 4,000 1,496,000
Infrastructure 3,500,000 - 3,500,000
Landscape 3,750,000 - 3,750,000
TOTAL 23,750,000 417,500 23,332,500

Thus, the campus construction and building construction costs of the District Vocational School Campus and
buildings, which were built within the scope of the tender, were calculated. However, these values, which are
obtained after deducting the values of the movable goods within the scope of the tender, are the progress
payment values of the contractor company and include general expenses, price differences, VAT and contrac-
tor profit. Of course, the cost spent for the construction of the building is a value for use, namely the building
service, to be obtained from that building, but the pure building value must be higher than this cost value.
Otherwise, it would be to say that the state only needs to build buildings for compulsory public services. Alt-
hough this seems to be true when it comes to the state, the same condition must also apply to other actors in
the same market. In other words, private individuals and companies should have a structure built for only
purposeful use. This claim means to say that individuals, public and private sector structures should not be
subject to purchase and sale, apart from necessities, and it puts forward an attitude that is completely contrary
to reality.

The contractor who undertakes the construction of the building has a profit expectation. Therefore, naturally,
in the same way, even if they have the building built for use, the public or private institution or person or
persons who has it built should hope to profit from these building activities. Because they spent the price, time
and effort. To claim that the state should be exempt from this gain is to accept that a valuation has been made
that does not comply with market conditions. This situation will inevitably be reflected in the market as price
irregularity due to interaction in the same market. In terms of standardizing the valuation and generating data,
this approach can have very problematic results. On the other hand, the commissions established by universi-
ties and public institutions in the valuation and registration processes of the buildings they own in Turkey
generally determine the construction costs, which they obtain only from progress payments, as the construction
value by deducting the costs of movable goods. This situation creates problems in the determination of the real
value of the state's assets and the reliability of the data pool created from public-private value determinations.
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The cost method calculates the value within the framework of the cost spent for the reconstruction of the
building (Alptiirk 2007). However, calculating within this framework does not mean that the value is only this
price. Because the profit of the entrepreneur must be added to the cost of the reconstruction or repair-strength-
ening-restoration-rehabilitation applications of the building. The current absolute value of the building is ob-
tained by deducting the financial equivalent of the depreciation of the building from the resulting value and
adding the land value (Bakir 2009). These expressions can be expressed with a simple formula as follows
(Ventolo & Williams 2001):

Building Value = [ Construction cost+Land value+Entrepreneur profit- Depreciation]

The value of the buildings is the sum of the construction cost and the sales profit of 20% of this and the
purchase and sale price of the land, as stated in Article 19 of the Real Estate Taxes Regulation of the Republic
of Turkey (TCRG 1972). The 20% sales profit expressed here can be called the profit of the entrepreneur and
should not be confused with the profit of the contractor (Ramsett 1998; Karaca 2008; Ozer 2010; Akkaynak
2014). Although it would be appropriate for the appraisers to determine the profit of the entrepreneur with
market research, in Turkey conditions, at least based on the relevant regulation, a reasonable rate of 20% for
public buildings can be accepted and used in public building valuations. In general, in Turkey, only the pro-
gress payment costs are taken in the valuation of public buildings according to the cost method, and only the
approximate unit costs of the building are used in the cost analysis of the public and private buildings that are
the subject of the lawsuit. This acceptance would be much more appropriate than just reflecting the progress
payment values or calculating the value from the approximate unit costs of the building. Therefore, the total
construction costs of the examined immovables, which are 23,332,500 TL in Table 2, are increased by 20% to
include the profit of the entrepreneur, and the total value of the buildings is found as 27,999,000 TL. By adding
9,900,000 TL, which is the campus land value, to this value, the total value of the lands and structures of the
district vocational school examined is 37,899,000 TL.

7. An Example of Contradiction in Real Estate Valuation Legislation in Turkey

S. Gnat (2021) reports that in many developing countries real estate taxation reforms are underway or are
planned. In these executions and plannings, the real estate value is accepted as a tax base. Because in countries
with established market economies, real estate is usually taxed according to its value. Currently, the land tax-
ation system has a major impact on land use and reallocation (Gnat 2021). The same can be said for housing
taxation. According to the Real Estate tax law of the Republic of Turkey, the tax value for buildings is deter-
mined jointly by the Ministry of Treasury and Finance and the Ministry of Environment and Urbanization.
According to the General Communique of the Property Tax Law, which is issued every year based on this law,
the building cost classifications that are the basis for the property tax for the year 2021 are given in Table 3.
Classification and unit cost values are presented in the same table for 2021, according to the communiqué on
the approximate unit costs of buildings published by the Ministry of Environment and Urbanization every year.
When these two separate legislative values are compared, it is seen that very different cost values can be taken
for the same type of houses. Building approximate unit costs can be used in expert reports prepared for court
cases, housing valuation reports prepared for banks' lending, and valuation of public buildings. However, there
may be large differences between the building values obtained from approximate unit costs and the values
based on taxation, supported by the inconsistency of the legislation. This situation causes the recorded building
information to be contradictory in valuation.
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Table 3

Comparison of house value charts in terms of real estate tax base and approximate unit costs of buildings in
Turkey

Costs based on property tax (TL/m2) Building approximate unit costs (TL/m2)

Min.  Max. Av. 3A 3B 4A 4B 4C S5A

Luxury 2,007 2,253 2,130 - - - 2,300 2,480 2,970
First class 1,268 1,393 1,330 - - 1,920 - - -
Second class 812 964 888 - 1,800 - - - -
Third class 573 685 629 1,360 - - - - -
Simple 292 412 352 1,360 - - - - -

In addition, in the table of approximate unit costs of the building, the buildings are divided into many classes
and groups and gathered under a total of about 125 different titles. However, in this classification style, there
is no clear classification of carrier system type and material, purpose of use and construction quality. In the
table showing the unit cost prices for the tax base, the buildings were collected in approximately 880 different
types. These different types are grouped distinctly based on the type and material of the carrier system (rein-
forced concrete carcass, masonry, etc.), the purpose of use (factory, hotel, cinema and theatre, etc.) and quality
(luxury, 1st class, 2nd class, etc.). These two legislative charts do not use a common language in terms of
classification of structures and this situation can easily lead to confusion.

8. Conclusion

In this study, 2 important situations that cause erroneous valuations in real estate valuation studies in Turkey
are discussed. The first is the calculation of public real estate only with progress payment values. As a result,
the entrepreneur's profit in public real estate is not reflected in the real estate value. However, the value of an
immovable cannot be taken equal to the price spent only to create the immovable. The second issue is the
difference between the construction cost classifications based on taxation and the approximate construction
unit cost classifications in the legislation. This may cause the value taken as a basis for taxation to be smaller
than the approximate cost of the building. However, the entrepreneur's profit should be added to the approxi-
mate cost of the building, which is normally calculated from the legislation charts, since it is subject to trading.
In this case, the difference will be even greater. Because the value of the real estate subject to tax must already
include the profit of the entrepreneur, representing the purchase and sale. However, when approximate valua-
tions are made from the legislation tables, the tax value expected to include the profit of the entrepreneur is
significantly smaller than the approximate cost of the structure that does not include the profit of the entrepre-
neur. Both the first and the second issue discussed in this study cause great inconsistencies in the recording
and accounting of real estate values. Incorrect accounting and recording of building values negatively affect
sustainable economic development due to the misleading valuations.

The conclusion information to be given as a summary on the first issue and what can be done to solve the
problem can be expressed as follows: In practices in Turkey, the commissions that make the valuation of public
immovables are generally composed of the employees of the public institution that owns the immovable. Most
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of these employees do not have competency in valuation expertise. The valuation of public buildings is usually
made using the cost method as a customary method. As the value, the sum of the progress payments paid by
the public institution to the contractor while having the building constructed is taken. However, the problem
is that the profit of the entrepreneur is not reflected in this value. As a result, the data files that will form the
real estate valuation information system and the effects of the values found on the market are adversely af-
fected. Because, taking the value of the building equal to the price paid only for the construction of the building,
that is, the cost, cannot be a correct approach in terms of market conditions and practices. In the cost value
method, the profit of the entrepreneur, which is essentially different from the profit of the contractor, must also
be reflected in the value. Keeping public buildings separate from this reality will result in the accounting of
government properties not reflecting the real situation. This creates risks for the sustainable economy. The
value of the buildings is the sum of the construction cost and the sales profit of 20% of this and the purchase
and sale price of the land, as stated in Article 19 of the Real Estate Taxes Regulation of the Republic of Turkey.
The 20% sales profit expressed here can be called the profit of the entrepreneur and should not be confused
with the profit of the contractor. Although it would be appropriate for the appraisers to determine the profit of
the entrepreneur with market research, in Turkey conditions, at least based on the relevant regulation, a rea-
sonable rate of 20% for public buildings can be accepted and used in public building valuations. This ac-
ceptance would be much more appropriate than just reflecting the progress payment values or calculating the
value from the approximate unit costs of the building. In addition, personnel who will make valuations in
public institutions should receive training on this subject. Specialist personnel trained to make valuation in
public institutions can also be provided to serve in other public institutions in their own regions through inter-
agency assignments.

The concluding information to be given as a summary about the second issue and what can be done to solve
the problem can be also expressed as follows: The Ministry of Environment, Urbanization and Climate Change
in Turkey publish approximate unit cost values according to building types every year. The published structure
includes approximate unit costs, 15% contractor profit and 10% overheads. However, it does not include the
land share price and the profit of the entrepreneur. In practice in Turkey, especially in expert reports requested
by the courts, this table is used when determining the building values. However, the entrepreneur's profit is not
added to the accounts when valuing the building based on approximate unit costs. This situation is problematic
in terms of housing valuation on its own. For more qualified valuations, the court may request cost analysis
from the experts more specifically according to the quantity calculations and unit price charts. However, in
this case also, the building values are not found by adding the entrepreneur's profit. In addition, the housing
values to be obtained from the approximate unit costs of the building, even without the entrepreneur's profit,
are approximately 25% higher than the tax bases that are said to be based on taxation in the legislation. With
the addition of entrepreneurial profits, the difference will become much larger. Therefore, it is essential to
ensure coordination by reviewing legislation and management in Turkey. Same structure classification meth-
odologies should be used in different calculation tables and should be corrected to give the same values. In
court expertise and public or market valuations, not only costs, but also entrepreneurial profits supported by
precedent values should be reflected in the building valuations.
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Research Article that the MUFA value varies between 25.88% in winter and 30.79% in summer, and the SFA value varies between
33.50% in winter and 35.98% in summer. In this study, the PUFA/SFA ratio of C. crinita was determined to change
between 1.01% - 1.21% from winter to summer. In addition, the total m-6/®-3 PUFA ratio was found to be greater
than 1 and ranged from 1.61 (winter) to 2.07 (summer). The atherogenicity and thrombogenicity index and h/H ratio
were calculated from the fatty acid profiles of C. crinata, and the Al index was determined to change from 0.71
(winter) to 0.74 (autumn), Tl index was 0.44 winter) to 0.58 (in summer). The h/H ratio of 1.71 (summer) to 2.00
(winter) was calculated. These results of our study showed that the seasons have a significant effect on the fatty acid
profile and the fatty acids in C. crinita may have important contributions to human nutrition. For this reasons, it is
thought that it is extremely important to reveal the nutritional content of different seaweed species that spread in the
seas of Turkey and to observe the seasonal changes in their contents.
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1. Introduction

As marine primary producers, macroalgae are among the rich sources of lipids for the growth and repro-
duction of marine organisms (lvanova, Stancheva, & Petrova, 2013; Schram, Kobelt, Dethier, & Galloway,
2018). Fatty acids (especially PUFA), which are transferred from macroalgae to fish and even humans through
the food chain in marine ecosystems, are among the important nutrients (Sijtsma & de Swaaf, 2004; Fili-
monova, Goncalves, Marques, Trochc, & Goncalves, 2016; Caf, Ozdemir, Yilmaz, Durucan, & Ak, 2019).
However, it is stated that alternative sources may be needed as a source of PUFA due to the uncertainty in
future fish stocks, and it is suggested that seaweeds can be used as a new source of PUFA (Dawczynski et al.,
2007; Polat & Ozoguz, 2013; Vizetto-Duarte et al., 2015; Belattmania et al., 2018).

Macroalgae, particularly brown, are a part of the main diet of many countries (Dawczynski, Schubert, &
Jahreis, 2007; Miyashita et al., 2012; Muradian, Vaiserman, Min, & Fraifeld, 2015), and different ratios of
polysaccharides, antioxidants, vitamins, minerals, proteins, and lipids that contain (Schmid et al., 2018; Nunes,
Valente, Ferraz, Barreto, & Carvalho, 2020; Al-Adilah et al., 2021). In addition, it has been suggested that
brown seaweeds have great amounts of PUFA, which are not present in land plants (Kumari, Bijo, Mantri,

112 ali_karacuha@hotmail.com
2 gokhanyildiz41@gmail.com
31 melekersoy57@hotmail.com
*Corresponding Author

871


https://dergipark.org.tr/en/pub/jarnas/article/1252942
https://dergipark.org.tr/en/pub/comufbed
http://orcid.org/0000-0002-0419-9964
https://orcid.org/0000-0002-2123-0871
https://orcid.org/0000-0001-6210-9624

Journal of Advanced Research in Natural and Applied Sciences 2023, Vol. 9, Issue 4, Pages: 871-880

Reddy, & Jha, 2013; Polat & Ozogul, 2013; Schmid et al., 2018; Al-Adilah et al., 2021). Seaweeds have
contained a significant amount of essential fatty acids, despite the low lipid concentration (Rocha et al., 2021),
they can be used as an alternative to a marine lipid resource due to browns seaweeds abundance among coastal
algae (Airanthi et al., 2011).

Although macroalgae are very diverse in their amount of nutrients (Dawczynski et al., 2007), it is reported that
their contents are affected by geographical situation, sampling terms, environment, season, temperature, salin-
ity, and light intensity (Nelson, Phleger, & Nichols, 2002; Polat & Ozoguz, 2013; Silva, Pereira, Valentao,
Andrade, & Sousa, 2013). Therefore, it is thought that it is important to determine the seasonal changes in the
nutrient content in order to expand the use of brown seaweed as a total source of SFA (saturated fatty acid),
MUFA (monounsaturated fatty acid) and PUFA (polyunsaturated fatty acid). On the other hand, there is little
study about the substance of fatty acids of macroalgae in Turkey (Polat & Ozogul, 2008; Yazici et al., 2008;
Caf, Yilmaz, Durucan, & Ozdemir, 2015; Caf et al., 2019; Aras & Sayn, 2020). Cystoseira crinita from the
order Fucales (Ochrophyta, Phaeophyceae) is one of the most common species of the Sinop coast (Karacuha
& Ersoy-Karacuha, 2013), but no information with these species on seasonal variations in fatty acid content
has been published.

The aim of this study that to define the seasonal changes in the fatty acid profile of C. crinita, which is widely
distributed in the coastal waters of Sinop province.

2. Materials and Methods

Samples were collected seasonally in 2014 by scuba diving from various rocky substrates at 0 and 1 m
depths of the Sinop Peninsula coast (Figure 1). The sample was then transferred to the laboratory, separated
from foreign materials such as stone and sand, and dried on blotting paper after washing with distilled water.
The dried samples were pounded into powder and stored at -20°C. 0.5 grams of each sample were used for
fatty acid analysis. For taxonomic classification of the species, www.algaebase.org was consulted.

Figure 1. Sampling area (Google Maps).

2.1. Lipid extraction

Lipid extracts were prepared according to Bligh & Dyer (1959), using a mixture of chloroform and metha-
nol. For this process, lipid samples were derivatized into methyl esters in a gas chromatography device
(Thermo Scientific Trace 1310). In this process, 0.25 g of the extracted oil was dissolved by adding 4 ml
heptane, after that 0.4 ml 2 N KOH was added. This mixture was then vortexed for 2 minutes followed by
centrifugation at 5000 rpm for 5 minutes. After centrifugation, 1.5-2 ml of clear heptane phase was taken and
transferred to glass tubes and GC/MS analysis was performed. Samples were injected into the device with the
help of the autosampler (Autosampler Al 1310).
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2.2. Fatty acid profile

The extracted algal lipid was then transesterified to fatty acid methyl esters (FAME) according to Ichihara
et al. (1996). Samples were analyzed GC/MS gas chromatography-mass spectrometry (Thermo Scientific ISQ
LT model). A 60 m long Trace Gold TG-WaxMS capillary column (Thermo Scientific code: 26088-1540)
with an inner diameter of 0.25 um and a film thickness of 0.25 pm was used for this analysis. The temperature
of the injection block for the analysis was set to 240°C. In addition, the column temperature was programmed
to remain constant at 100 °C for 3 minutes, and thereafter increase to 240 °C in increments of 4 °C/min. A
separation ratio of 1:20 was applied using constant-flow (1 ml/min) helium gas as the carrier gas. Fatty acids
were identified by comparing the standard FAME (fatty acid methyl ester) mixture of 37 components accord-
ing to their arrival time. All analyses of fatty acids were performed in triplicate per biological sample during
the sampling period. The results were given as mean+standard deviation.

2.3. Lipid quality

Ulbricht & Southgate (1991) method to health lipid indices (Al and TI) to determine the nutritional and
lipid quality of C. crinita was used.

The formula for calculating the Index of Atherogenicity (Al) is:

C12:0 + (4 x C14:0)+ C16:0

Al= Y.(w—3 PUFA) + Y(w—6) PUFA + IMUFA (21)
The formula for calculating the index of thrombogenicity (IT) is:
TI C14: 0+ C16: 0+ C18: 0 (22)

= (0.5 x EMUFA) + (0.5x Yyw—6 PUFA)+(3 x Yw—-3 PUFA)+(w-3/w —6)
where PUFA and MUFA indicate monounsaturated and polyunsaturated FA.

The hypocholesterolemic/hypercholesterolemic (h/H) index is calculated to Santos-Silva, Bessa, & Santos-
Silva (2002) method. The formula for calculating the Index of h/H is:

_ (C18:1+YPUFA)

HH =
(C14:0+C16:0)

(2.3)

2.4. Statistical analysis

Differences between seasonal average were evaluated using one-way ANOVA, followed by Tukey test (P
< 0.05). The contribution (percentage) of each fatty acid was taken into account during the calculations. Prin-
cipal component analysis (PCA) was performed for sampling periods and fatty acid major classes (MUFA,
SFA, and PUFA). All calculations were made with SPSS version 22.0.

3. Results and Discussion

In this study, the fatty acid profiles of C. crinita were analyzed by GC/MS, seasonally. It identified 37
different fatty acids from C .crinata, and are given in Table 1. It was determined that there were statistically
significant differences in the fatty acid profile of C. crinita between seasons (Table 1). In this study, C16:0
(palmitic acid; from SFA) was determined to be the major fatty acid, followed by C18:1w9c (elaidic acid; from
MUFA), C20:406 (arachidonic acid: ARA,; from PUFA), C18:2w6c (linoleic acid: LIN; from PUFA),
C18:3w3 (a-linolenic acid: ALA; from PUFA), C20:5w3c (eicosapentaenoic acid: EPA from PUFA), pal-
mitoleic acid (C16:1; from MUFA), and oleic acid (C18:1w9t; from MUFA), respectively. Palmitic acid was
the dominant fatty acid during the study, with values ranging from 25.89+0.99% total in summer to
24.324+0.19% in winter. Similar to our finding, palmitic acid is reported to be the primary saturated fatty acid
in several seaweeds (Kamenarska et al., 2002; Ivanova et al., 2013). Elaidic acid and oleic acid were the most
abundant MUFAs in our study. Similarly, oleic acid is reported by Vizetto-Duarte et al. (2015) as one of the
main fatty acids in brown seaweed, too. Besides, Kamenarska et al. (2002) reported that the main fatty acid
for C. crinita from Eastern Mediterranean was palmitic acid, and then oleic and myristic acids. On the other
hand, we determined that the total of PUFA was highest, followed by SFA and MUFA, respectively. (Table
1). PUFA was the most abundant component with 37.24% seasonal mean of total fatty acid. The seasonal mean
of MUFA was 27.79%, and SFAs were 34.46%. Although this study results are concordant with the literatures
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(Kumari et al., 2013), it has been found to differ from studies with C. crinita, which has the highest SFA values
(Ivanova et al., 2013; Bouafif, Messaoud, Boussaid, & Langar, 2018) (Table 2).

Table 1

Seasonal change of fatty acid profile of C. crinita (percentage of the total FAME) with the significant
differences between the seasons with one-way ANOVA and the Tukey test (p < 0.05), and the result of indexes.
(n=3).

SEASONS

Fatty acid (%) Spring Summer Autumn Winter F Sig.
C4:0 0.17+0.002 0.14+0.02° 0.07£0.01°¢ 0.08+0.00° 86.500 0.000
C6:0 0.04+0.012 0.02+0.00° 0.03+0.002° 0.02+0.01° 9.833 0.005
C8:0 0.05+0.002 0.02+0.01° 0.04+0.012 0.01£0.01° 35.000 0.000
C10:0 0.02+0.012 0.0140.012 0.02+0.01 2 0.01+0.002 1.222 0.363
C11:0 0.02+0.00° 0.01£0.01¢ 0.04+0.00 @ 0.01+0.01°¢ 44.667 0.000
C12:0 0.03+0.00 ® 0.04+0.002 0.04+0.01 @ 0.02+0.01° 9.833 0.005
C13:0 0.03+0.012 0.0240.002 0.02+0.00 @ 0.02+0.002 4.000 0.052
C14:0 6.68+0.082 6.20+0.13° 5.96+0.02 ¢ 5.75+0.04¢ 74.644 0.000
C15:0 0.40+0.002° 0.39+0.01° 0.40+0.01 ® 0.42+0.012 6.000 0.019
C16:0 24.88+0.09%° 25.89+0.992 24.64+0.072° 24.32+0.19° 5.363 0.026
C17:0 0.08+0.022 0.07+0.022 0.07+0.00 @ 0.06+0.012 0.556 0.659
C18:0 2.14+0.02° 2.1140.06° 2.26+0.03 2 1.63+£0.03¢ 159.615 0.000
C20:0 0.01£0.012 0.02+0.01 @ 0.01£0.01 @ 0.01£0.012 0.501 0.693
C21:0 0.06+0.01° 0.11+0.02 2 0.07+0.00 © 0.06£0.01° 17.212 0.001
C22:0 0.40+0.01¢ 0.40+0.04 © 0.54+0.01 @ 0.48+0.01° 25.661 0.000
C23:0 0.06+0.032 0.05+0.042 0.04+0.00 2 0.05+0.022 0.410 0.750
C24:0 0.56+0.032 0.4940.162 0.54+0.04 @ 0.54+0.022 0.399 0.758
YSFA  35.61+0.11% 35.98+0.76° 34.77+0.10 33.50+ 0.28° 21.634 0.000
Ci14:1 0.3420.012 0.33+0.022 0.22+0.00° 0.17+0.00¢ 188.385 0.000
C15:1c 0.03+0.01° 0.08+0.022 0.03+0.01° 0.02+£0.00° 31.222 0.000
C16:1 3.10+0.02° 3.83+0.062 2.76+0.03¢ 2.25+0.02¢ 1033.804 0.000
Cl7:1c 0.29+0.022 0.22+0.00° 0.25+0.01° 0.26+0.00P 34.667 0.000
C18:109¢c 20.25+0.02° 21.70+0.432 19.06+0.12¢ 19.43+0.05¢ 83.362 0.000
C18:109t 2.07+0.042 2.08+0.052 1.48+0.05° 1.2340.06° 222.849 0.000
C18:2w6t 0.08+0.07° 0.22+0.022 0.26+0.002 0.110.00P 18.509 0.001
C20:1c 0.13+0.01°¢ 0.3240.032 0.19+0.02° 0.12+0.02¢ 89.213 0.000
C22:109 1.8440.020 1.88+0.15P 1.87+0.01° 2.20+0.022 14.583 0.001
Cc24:1 0.1620.042 0.1240.052 0.10+0.022 0.10+0.022 1.911 0.206
TMUFA 28.28+0.12° 30.79+0.222 26.22+0.18° 25.88+0.10° 592.929 0.000
C18:206¢ 7.95+0.02° 7.36+0.19¢ 8.94+0.062 7.90+0.02° 132.422 0.000
C18:3w3 7.92+0.11° 6.75+0.24¢ 8.66+0.112 9.01+0.032 146.735 0.000
C18:3w6 0.16+0.03¢ 0.57+0.032 0.26+0.01° 0.1440.01¢ 275.033 0.000
C20:206¢ 0.48+0.03° 0.64+0.082 0.48+0.00P 0.50+0.02° 11.441 0.003
C20:303c 0.01£0.012 - - 0.02+0.012 0.250 0.643
C20:306¢ 1.39+0.02¢ 1.4440.15° 2.26+0.052 2.01+0.01° 89.229 0.000
C20:406 12.64+0.06° 12.45+0.15° 14.07+0.06° 14.63+0.092 379.144 0.000
C20:503c 5.44£0.04° 3.80+0.21¢ 4.15+0.02¢ 6.32+0.042 332.140 0.000
C22:2 0.06+0.032 0.110.052 0.06+0.022 0.05+0.022 2.700 0.116
C22:6m3c 0.05+0.01° 0.11£0.05% 0.15+0.012 0.06+0.02° 9.632 0.005
TPUFA 36.1120.02¢ 33.23+0.96" 39.01+0.08" 40.63+0.162 133.911 0.000
S PUFAs/Y SFAs 1.01 £0.00° 0.92+0.051 1.12+0.00P 1.21£0.012 81.871 0.000

®-6 22.22+0.05°¢ 21.04+ 0.52¢ 25.78+0.082 24.79+0.11° 142.421 0.000
®-3 13.42+0.13° 10.66+0.41°¢ 12.95+0.12° 15.40+0.052 225.794 0.000

®-6/0-3 1.65+0.02° 2.07+0.032 1.99+0.03° 1.61+0.01¢ 337.026 0.000
Al 0.80 0.79 0.74 0.71 81.871 0.000

TI 0.51 0.58 0.50 0.44 142.421 0.000

h/H 1.79 1.71 1.90 2.00 225.794 0.000

Different letters of inline are significantly different.

The PUFA/SFA proportion, which is widely used in determining the nutritional quality of foods, in this present
study, was determined to change between 1.01%-1.21% winter to summer (Table 1). In addition, the total w-
6/m-3 PUFAs ratio of C. crinita was found to be greater than 1 and ranged from 1.61 (winter) to 2.07 (summer)
(Table 1). The ®6/w3 PUFAS ratio also seemed to present seasonal variations. The amounts of the ©-3 PUFA
ranged between 10.66+0.41% (in summer) and 15.40+0.05% (in winter), while the -6 PUFAS were verified,
between 21.04+0.52% (in summer) and 24.79+0.11% (in winter) (Table 1, Figure 2). According to the WHO
guideline, »-6/®-3 ratio must be lower than the 10 in the diet (Jayasinghe, Jinadasa, & Chinthaka, 2018). In
our study, the ratios of the w-6/®-3 values of C. crinita are lower than the recommended level. Besides, it was
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found that the ratio between PUFA/SFA was higher than one in all seasons except summer (0.92). In addition,
C. crinita showed a PUFA/SFA ratio higher than 1 (Table 1). The PUFA/SFA ratio, which is the determinant
of nutritive lipid gquality in foods, was above 0.4 recommended by Wood (2004) in this study. Therefore, we
can say that the PUFA/SFA ratio obtained from the studied samples are extremely important.

Table 2
The fatty acid, PUFA/SFA, w6/®3, Al, and Tl index of C. crinita in comparison with the current study.
Blacksea Mediterranean
(Ivanova et al., 2013) (Bouafif et al., 2018) Present study

SFA 65.40 40.64 34.46

MUFA 11.88 27.71 27.79

PUFA 22.72 30.35 37.24

PUFA/SFA 0.35 0.75 1.07

1A - 0.99 0.76

TI - 0.94 0.51

In this study, the contents of PUFA were high (approximately 40.63 % in winter to 32.23% in summer). The
contents of MUFA were low (25.88% in winter to 30.79% in summer), while SFA ranged from 33.50% in
winter to 35.98 % in summer (Table 1, Figure 2). When the prominent fatty acids in the all- season were
examined, it was determined that palmitic acid belonging to SFA was in the first place, followed by elaidic
acid belonging to MUFA and arachidonic acid belonging to PUFA, respectively.
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Figure 2. Comparison of the PUFA, SFA, MUFA, »-6, »-6, and w-6/w-3 ratio of C. crinita. (n = 3).

The fatty acid compositions changed from 33.50+0.28-35.98+0.76% saturated, to 25.88+0.10-30.79+0.22%
monounsaturated and 32.23+0.96-40.63+0.16% polyunsaturated (PUFA) fatty acids (Figure 2). MUFA which
predominates in this study was found to contain either 14 or 24 carbons (Table 1). Elaidic acid was the most
potent MUFA with 21.70+0.43% of total FAME, especially in the summer. On the other hand, arachidonic
acid (ARA) was the major PUFA (Table 1, Figure 3). Rajapakse and Kim (2011) reported that seaweeds are a
good sources of PUFA that can be used for health, and Miyashita et al. (2012) declared that PUFA is obtained
from especially brown seaweeds. In this study, the season with higher PUFA, SFA, and MUFA contents in C.
crinita was winter. The results of our research showed lower SFA, but higher MUFA and PUFA, compared
with findings from other studies with C. crinita (Ivanova et al., 2013; Bouafif et al., 2018) (Table 2). Similarly,
Nelson, Phleger, & Nichols (2002) reported that the macroalgal total lipid ratio increased from winter to spring
but decreased in summer. The different results in our study than the others may be because of the different
environmental conditions of the habitats.
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Figure 3. Comparison of the most abundant fatty acids of PUFA of C. crinita

The nutritional indexes of C. crinata were calculated from the fatty acid ingredients, and are given in Table 1
and Figure 4. It is stated that fatty acid found in macroalgae is extremely important in human nutrition, ®6/®3
PUFA ratio is important for health, and also Al and TI ratios should be less than one (Kumari. et al., 2013;
Hamid et al., 2015; Schmid et al., 2018; Moreira et al., 2021). Studies have reported that high 1A and IT values
may worsen nutritional quality for human health (Ulbricht & Southgate, 1991; Bouafif et al., 2018). In this
study, it was determined that the thrombogenic index (T1) values ranged from 0.44 (winter) to 0.58 (summer)
and the values of the atherogenic index (Al) ranged between 0.71 (winter) and 0.74 (autumn) (Table 1, Figure
4). These values obtained in our study were found to be lower than the Al (0.99) and T1 (80.94) values reported
by Bouafif et al. (2018) (Table 2). In our study, C. crinita was determined to be a good source of ®-6 and -
3, particularly arachidonic acid and a-linolenic acid, respectively.
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Figure 4. Results of Indexes according to the seasons.

In this study, PCA was calculated over the 7 fatty acids with the highest content to evaluate the relationship
of fatty acids between seasons. Data were analyzed using direct oblimin rotation with Kaiser normalization for
each component with eigenvalues greater than 1. The other fatty acids were removed from this analysis due to
their low ratios, therefore promoting a more reliable the analysis. PCA explained 90.46% of the variables,
PC1-77.83%; PC2-12.63% (Figure 5). The fact that total PUFA-LIN and total MUFA-SFA-EPA are in oppo-
site positions on the plot indicate that they have opposite correlation.

876



Journal of Advanced Research in Natural and Applied Sciences 2023, Vol. 9, Issue 4, Pages: 871-880

1,0
Elaidic acid
§ Cl8:1a%c
EPA "r: -
6.... C20:503c o
05+ T
.. ‘_r'
Cl1  paimiteleic acid
Myristic acid @ C16:1
"'__‘_‘":Q’...--“'
| =TT
P ) e
< ‘.-:""
2=
© 2
o C20:4@6
e ARA .o
5 &
054 LA
Cl18:3m3
1,01
% LIN
B C18:2abc
1,51
T ! ) I :
15 10 05 N o *

PC 1 (77,83%)

Figure 5. Results of loading plot of multivariate analysis (PCA).

4. Conclusion

In conclusion, our findings showed that C.crinata has the highest PUFA content compared to SFA and
MUFA. It was determined that among the fatty acids obtained in all seasons from this study, palmitic acid
belonging to SFA was in the first place, followed by elaidic acid belonging to MUFA and arachidonic acid
belonging to PUFA, respectively. The results of our research showed lower SFA, but higher MUFA and PUFA,
compared with findings from other studies with C. crinita. Our research results also show that C. crinita can
be a good source especially for arachidonic acid from ®-6 and a-linolenic acid from ®-3. Moreover, in our
study, ®-6/®-3 PUFA ratio, which is important for health, was found at the recommended level (<10). In
addition, PUFA/SFA ratio, which is the determinant of nutritional lipid quality in foods, and Al and T1 ratios
were again within the recommended values in C. crinita. These results suggest that the fatty acids in C. crinita
may play an important role in human nutrition. In addition, our results demonstrated that the seasons have a
significant effect on the fatty acid profile of the studied seaweed. As a matter of fact, in our study, it was
determined that the highest PUFA values ranged from 40.63% in winter to 32.23% in summer. It has been
determined that the MUFA value varies between 25.88% in winter and 30.79% in summer, and the SFA value
varies between 33.50% in winter and 35.98% in summer. For this reasons, it is thought that it is extremely
important to reveal the nutritional content of different seaweed species that spread in the seas of Turkey and
to observe the seasonal changes in their contents.
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sudden infant death, and is associated with autism and schizophrenia. With an increasing trend in the world, A2A2
milk (milk without Al protein) production is becoming widespread with consumer preferences; and, A2 milk takes
its place on the market shelves. With the onset of this trend, the need for a new analysis on food safety became
evident. It will be required by food control laboratories to test the absence of Al protein in milk to be labeled as A2
milk. In this study, the quantitative analysis and validation of B-casein Al and A2 proteins in cow's milk by Enzyme-
Linked ImmunoSorbent Analysis (ELISA) method was investigated. The methods have detection limits of 1.8 and
0.8 ppm, and quantitation limits of 17 and 2.4 ppm for Al and A2, respectively.
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1. Introduction

Casein proteins (asi-, asz-, - and k-casein) constitute approximately 80% of the total proteins in cow's
milk (Bonfatti, Grigoletto, Cecchinato, Gallo, & Carnier, 2008); and, B-caseins constitute approximately 30%
of these proteins. There are two main genetic types of B-caseins as Al and A2. The distinguishing feature
between these two forms of 3-caseins is due to a mutation at position 67 of this 209 amino acid long protein.
With this point mutation, A2 was thought to have undergone a point mutation that converts proline (Pro®’) to
a histidine (His®") in A1 in ancestors from European-type cows such as Holstein-Friesian, Ayrshire and Red
(Kaminski, Cieslinska, & Kostyra, 2007). Therefore, although cow's milk produced in many countries is a
mixture of Al and A2 B-casein variants, the His®” mutation is not found in purebred Asian and African cows
(Kaminski et al., 2007). Similarly, a histidine mutation at the equivalent position has not been found in other
mammals, including humans, or a similar mutation has been observed very rarely (De Noni et al., 2009; Pal,
Woodford, Kukuljan, & Ho, 2015).

Goat, sheep, camel, buffalo, yak and donkey milk consists of only A2 type milk, while most of the Holstein,
Friesian, Ayshire and British Storthorn cows produce either A1 or A1A2 milk, which are considered to be
produced with higher yield (Boro, Naha, Saikia, & Prakash, 2016). Because of this feature, cow breeds with
B-casein A1l mutation are thought to become widespread due to commercial concerns. Consumption of Al
milk creates a feeling of bloating, gas and discomfort. There are also studies showing that problems caused by
Al milk consumption are confused with lactose intolerance (Suchy et al., 2010). Studies have shown that Al
milk can cause type 1 diabetes, coronary heart disease, arteriosclerosis and sudden infant death (Sodhi,
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Mukesh, Kataria, Mishra, & Joshii, 2012). In addition, A1 milk consumption is associated with diseases such
as autism and schizophrenia (Woodford, 2006). All these studies bring along the increasing consumer demand
for anti-Al dairy. Many doctors recommend that consumers, especially those with celiac disease and stomach
ulcers, and infants under one year old, should strictly avoid Al milk.

Al protein with His®” mutation is quickly affected by proteolytic degradation, while A2 with Pro® is resistant.
Therefore, A1l proteins cause the release of short B-casomorphin (BCM) opioid peptides during gastrointestinal
digestion. Opioid is used to describe chemicals that have morphine-like effects in the body (Kaminski et al.,
2007). Studies have shown that BCMs are released from f-casein Al protein during gastrointestinal digestion,
while BCM release after A2 protein digestion is minor (Boutrou et al., 2013; Kaminski et al., 2007). It has
been proven that Al slows down the opioid-induced gastrointestinal transit. Longer gastrointestinal transit
times are thought to lead to increased effects of lactose fermentation and other dietary components such as
FODMAPs, which, together with genetic predisposition, is hypothesized to be consistent with clinical and sub-
clinical outcomes including digestive distress and pro-inflammatory effects (De Noni et al., 2009).

In recent years, Al-free (A2A2) cow's milk has been among the commercially sold milks in many countries
such as Australia, England, the United States, New Zealand and the Netherlands, and these milks are advertised
as suitable for the use of consumers with milk intolerance (Brooke-Taylor, Dwyer, Woodford, & Kost, 2017).
Recently, Vietnam’s largest dairy company, Vinamilk, has started A2A2 milk production by importing a type
of cow that produces Al-free milk from New Zealand (Hang, 2018). In addition, baby foods produced with -
casein that do not contain Al are sold in China and Australia, and there have been advertisements indicating
that these foods are light and suitable for the baby's digestive system (Brooke-Taylor et al., 2017). A2 milk
has been preferred among consumers at an increasing rate all over the world, and it is rapidly becoming
widespread. Industry and governments have to regulate the food policies and make food safety and control
laboratories perform food analysis that aims to characterize food products in terms of chemical composition,
traceability, safety, quality, sensory perception and nutritional value (Jain & Gupta, 2005; Nestle, 2002; Silver
& Bassett, 2008; Kudlejova & Risticevic, 2012; Tang, Vasas, Hatzakis, & Spyros, 2019). Therefore, the
prevalence of A2 milk brings an obligation of a new test to be made by food safety and control laboratories in
order to control the content of cow’s milk so that the consumers are not misled. The products marketed as A2
dairy are required to be tested for the presence of A2 B-casein protein and non-presence of A1 -casein protein
by food control laboratories.

There are various methods in the literature that allow the detection of A1 and A2 B-casein proteins in cow's
milk. Capillary zone electrophoresis (De Noni, 2008), reverse-phase high-performance liquid chromatography
(RP-HPLC) (Bonfatti et al., 2008), isoelectric focusing electrophoresis (Anna, Salvatore, Omar, & Eugenio,
2016), and urea-polyacrylamide gel electrophoresis (Duarte-Vazquez et al., 2018) are the main methods used
to distinguish B-casein variants. More powerful methods such as liquid chromatography coupled mass
spectrometry (LC-MS/MS) (Asledottir et al., 2017) or high resolution mass spectrometry (LC-HRMYS)
(Givens, Aikman, Gibson, & Brown, 2013) have also been successfully applied for the determination of protein
types in milk and quantitative studies.

In this study, it was aimed to introduce and validate a new method to be used by food safety and control
laboratories for the traceability and authenticity of A2 milk products. For the purpose of quantitative detection
of B-casein Al and A2 proteins in cow's milk, ELISA methodology was presented. Considering the method
application by prevalent food control laboratories, ELISA is not only an easier assay to perform compared to
aforementioned methods, but also accurate, sensitive and widely applicable. The applied method for
quantitative detection of B-casein Al and A2 proteins by ELISA had a limit of detection of 1.8 ppm and 0.8
ppm, and limit of the quantitation of 17 ppm and 2.4 ppm for Al and A2 proteins, respectively.

2. Materials and Methods

2.1. Chemicals and Devices

The milk of genotypically tested cows of AL1Al, A1A2 and A2A2 were obtained from Uluova Dairy
Company (Canakkale). “A1 ELISA Kit and A2 ELISA Kit” (GeneTel Laboratories LLC, USA) was used for
the detection of Al and A2 proteins by ELISA method. Kits contain ELISA microtiter strips coated with rabbit
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anti-p-casein polyclonal antibodies (pAbs), Al B-casein or A2 B-casein protein standard solutions, chicken
anti-Al or anti-A2 (-casein specific pAbs, rabbit anti-chicken 1gY HRP conjugate, BSA for antibody dilution
buffer, 10X Tris buffered saline (TBS) buffer, 50% solution of Tween-20 (Polyoxyethylene-Sorbitan
Monolaurate) and 3, 3°, 5, 5’-tetramethylbenzidine substrate (TMBS). Microcentrifuge tubes (Isolab, Turkey)
and 50 mL sterile tubes (Falcon-Corning, USA) are also used for this analysis. The devices used in the analysis
are micropipettes (Mettler Toledo Rainin Piper-Lite XLS, USA), vortex mixer (VWR International, USA),
plate shaker/mixer (Bioer, China) and ELISA reader (Thermo Scientific Varioskan ® Flash, USA).

2.2. Sample Preparation

Solutions were prepared according to the manufacturer’s instructions (GeneTel Laboratories LLC, Al &
A2 ELISA Kit Protocols). For the preparation of seven Al-containing standard solutions, seven 1.5 mL tubes
are used. 10 pL of 40 pg/mL Al standard and 990 uL of antibody dilution buffer are added to the first tube to
obtain 400 ng/mL Al standard. 2X serial dilutions are made with antibody dilution buffer for the other
standards, resulting in standard solution concentration of 400 ng/mL in the 1st tube, 200 ng/mL in the 2nd
tube, 100 ng/mL in the 3rd tube, 50 ng/mL in the 4th tube, 25 ng/mL in the 5th tube, 12.5 ng/mL in the 6th
tube and 6.25 ng/mL in the 7th tube.

Milk samples are prepared by diluting in the antibody dilution buffer. In general, casein proteins are not soluble
at neutral pH and need a raise in pH. Therefore, in order to obtain soluble casein proteins, the first dilution is
made with 0.5 M NaOH at a ratio of 1:100 (10 pL milk + 990 uL. NaOH). Subsequent dilutions are made with
the antibody dilution buffer. ALAl or A2A2 milk should be diluted in the range of 1:10.000 — 1:100.000.
A1/A2 milk should be diluted in the range of 1:10 — 1:1000. In a regular assay, for the samples which are
expected to be negative for A1 B-casein or A2 B-casein, 1:100 dilution is used. However, since NaOH prevents
the reaction, it is sufficient to dilute these milk samples only with the antibody dilution buffer.

2.3. ELISA

The protective tape on the microtiter strips is removed and the wells are washed 3 times with TBST. 100
pL of standard solutions and diluted milk samples are added to the wells. The plate is mixed on a plate shaker
at 400 rpm for 2 hours at room temperature. The wells are washed 3 times with TBST. Al and A2 specific
chicken IgY pAbs are prepared at 1:2000 and 1:300 dilutions, respectively in antibody dilution buffer, and 100
pL of dilutions are added to each well and incubated while shaking for 2 hours at room temperature on a plate
shaker. The wells are washed 3 times with TBST. Rabbit anti-chicken IgY HRP conjugate is prepared at a
1:1000 dilution in antibody dilution buffer and 100 pL is added to each well and incubated while shaking for
1 hour at room temperature on a plate shaker. The wells are washed 5 times with TBST. 50 uL of substrate
(TMBS) is added to each well and incubated for 4-8 minutes for a color change (it is recommended to wait 8
minutes after the solution is added to the first well). The reaction is terminated with 50 pL of 1 M HCI. An
absorbance reading is taken at 450 nm immediately.

2.4. Evaluation of ELISA Results

For absorbance readings at 450 nm, Thermo Scientific Varioskan ® Flash device was used. For this
purpose, the Skanlt RE for Varioskan Flash 2.4.3 software is used for the evaluation of the results. After
defining the plate with respect to the positions of the standards and samples, as well as the concentrations of
standards and dilutions of the samples, absorbance readings are taken at 450 nm. After the reading, the “Result”
tab in the upper list is selected, and then, “Photometric 1” tab in the lower list is selected. From the calculation
tools on the left side, "Quantitative CurveFit3" is clicked. On the page that opens, under the "Parameters" tab,
as the "Fit Type", "Quadratic Polynomial" and as the “Transformation”, "Conc. Logarithmic” and “Meas.
Logarithmic” is selected. The software automatically lists the concentrations of the samples and draws the
standard graphs. The analysis must be repeated, if any of the “blank” samples or the A2A2 milk sample in the
Al assay or the ALA1 milk sample in the A2 assay is calculated to be higher than the detection limit. Similarly,
if the standard graph differs from the graph provided in the kit validation and quality assurance certificate, the
analysis should be repeated. In addition, if the amount of protein calculated in the samples does not fall within
the range determined in the standard graph, the analysis should be repeated by changing the dilution factor
applied to the samples.
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2.5. Method Validation

For the validation of ELISA, a) dynamic range, b) limit of detection (LOD), ¢) limit of gquantification
(LOQ), d) repeatability and e) measurement uncertainty parameters were considered (National Institute of
Standards and Technology, 1995).

a) In order to determine the dynamic range of the methods, 8 different standard concentrations were
prepared by using Al and A2 standards included in the kit content. The prepared standards were
analyzed on 3 different days, re-prepared each time, and the dynamic range was determined.

b) LOD was calculated for Al assay by using milk with no B-casein Al, and for A2 assay by using milk
with no B-casein A2. LOD was calculated as the mean of the sample + 3*(standard deviation).

¢) LOQ was calculated as the mean of the sample without B-casein A2 (or A1) + 10*(standard deviation).

d) Repeatability study was performed by repeating the assay on 3 different days with standard samples.
Within-assay repeatability was calculated by using standard curve plots and intra-assay repeatability
was calculated by studies performed on two different days using ALAL and A2A2 milk samples.

e) Uncertainty of measurement was calculated by combining the uncertainty from automated pipettes,
ELISA reader and repeatability. For each measurement, relative standard deviation (RSD) is calculated
by dividing the standard deviation to the mean value. The combined standard deviation (RSDcombined)
was calculated by taking the square root of the sum of the squares of all RSD values.

3. Results and Discussion

Method validation is an essential part of the process that regulates the introduction of new products into the
market (ISO/CASCO, 2018). When implementing the new method, the laboratory has to verify and validate
that the method can be used for its intended purpose (FDA ORA, 2020). In this context, a study for method
validation was conducted to detect B-casein Al and A2 proteins in cow's milk by ELISA method. Within the
scope of this method validation, a) dynamic range, b) limit of detection (LOD), ¢) limit of quantification
(LOQ), d) repeatability and e) measurement uncertainty parameters were considered (National Institute of
Standards and Technology, 1995).

In order to define the highest and lowest measurable concentrations, dynamic ranges of the ELISA methods
were calculated. The dynamic range of the methods were determined (FDA ORA, 2020) by using 8 different
concentrations of Al and A2 standards included in the kit content (GeneTel Laboratories LLC, A1 & A2
ELISA Kit Protocols). The method provided a non-linear correlation in the form of quadratic polynomial
between the measurement and the amount of the target (Plikaytis et al., 1994). The quadratic polynomical
standard graph of the assays were plotted by using the concentration of standards (ppm) against the absorbance
values obtained. The results are given in Figure 1. The equations of the standard graphs are given above the
plots. The standard graphs were used to calculate the 3-casein protein concentrations of the non-standard milk
samples.
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Figure 1. Standard graphs obtained for the ELISA methods of a) B-casein Al and b) B-casein A2 for the
dynamic range determination.

LOD was calculated based on the standard deviation of the blank sample which is the lowest concentration
distinguishable (FDA ORA, 2020). LOD was calculated as the mean of the sample + 3*(standard deviation).
This calculation indicates the presence of the analyte, but does not allow for quantitative measurement. In
order to show that there was no cross-reaction, as the sample without -casein Al, A2A2 milk and as the
sample without B-casein A2, A1Al milk was used in 10 independent studies, and the mean and standard
deviation of the measurements were calculated. The results are given in Table 1.

From the mean absorbance values measured, the LOD of the Al test was calculated as 0.147 + 3*0.0172 =
0.198, the LOD of the A2 test was calculated as 0.177 + 3*0.024 = 0.250. By using the equations of the
standard graphs, the corresponding concentration for an absorbance of 0.198 is 1.8 ppm, and an 0.250 is 0.8
ppm. Therefore, the detection limits of the methods were determined as 1.8 ppm for the Al assay and 0.8 ppm
for the A2 assay.

885



Journal of Advanced Research in Natural and Applied Sciences 2023, Vol. 9, Issue 4, Pages: 881-892

Table 1
Determination of LOD

Sample no Absorbances for Absorbances for
A2A2 milk samples A1A1 milk samples

1 0.123 0.152

2 0.138 0.159

3 0.158 0.169

4 0.172 0.155

5 0.148 0.148

6 0.162 0.196

7 0.124 0.207

8 0.153 0.215

9 0.130 0.194
10 0.160 0.173
mean 0.147 0.177
Standard deviation 0.0172 0.024

LOQ is the lowest concentration at which the analytical method operates with acceptable precision and
repeatability (FDA ORA, 2020). According to the calculation made using the results shown in Table 1, the
detection limit for the Al assay was 0.147 + 10*0.0172 = 0.318, and the detection limit for the A2 assay was
0.177 + 10*0.024 = 0.421. From the equation of the standard graph, an absorbance of 0.318 corresponds to 2.3
ppm, and an absorbance of 0.421 corresponds to 4.0 ppm. Therefore, the LOQ of the methods were determined
as 2.3 ppm for the Al assay and 4.0 ppm for the A2 assay.

Due to the fact that the standard graphs of B-casein Al and A2 ELISA tests are created with a quadratic rather
than a linear slope, the absorbance values of standards with lower-concentration are very close to each other
and may cause calculation errors (Plikaytis et al., 1994). For this reason, it was anticipated that inconveniences
may be encountered in verifying the LOQ as calculated above; and therefore, instead of applying a routinely
used LOQ calculation method, 4 different approaches were tested and verified for LOQ determination. The
approaches used for LOQ determination were (Taverniers, De Loose, Van Bockstaele, 2004):

a. Mean + 10*(standard deviation)
b. 3*LOD

c. 10*LOD

d.

1.5* the lowest calibration standard (150% of the target level for the analyte)

For each LOQ determination approach above, the calculated LOQ values for the Al test were:

a. 2.3ppm
b. 5.4 ppm
c. 18 ppm
d. 9.4 ppm
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for the A2 test were:

a. 4.0 ppm
b. 2.4 ppm
c. 8ppm

d. 9.4 ppm

The prepared four different LOQ samples were attempted to be detected with 4 parallel studies by Al and A2
assays, and among the detectable LOQ values, the smallest value was accepted as the LOQ of the assay
(Taverniers, De Loose, Van Bockstaele, 2004). The results are as shown in Table 2.

Among the different LOQ calculation approaches, 10*LOD (18 ppm) and 3*LOD (2.4 ppm) approaches for
Al and for A2 test, respectively were verified as the smallest values. The verification with 4 parallel studies
was repeated by performing 10 parallel studies for the selected approach, and the verifiable LOQ value was
found to be 17.10 ppm for the Al test and 2.4 ppm for the A2 test. Therefore, the LOQ value of the methods
were accepted as 17 ppm for the Al test and 2.4 ppm for the A2 test.

Table 2

Results of LOQ verification with 4 different approaches. Each sample was run in 4 parallels. The
concentrations were calculated from absorbance values by using the standard graph equation. The
concentrations that cannot be calculated from the equation as a positive value are indicated as "< 6.25".

Al test A2 test
LOQ Expected Observed Observed Expected Observed Observed
calculation method concentration absorbance (mean)  concentration concentration Absorbance (mean) concentration
Mean + 10*SD 2.3 ppm 0.224 14.01 ppm 4.0 ppm 0.244 4.46 ppm
3*LOD
5.4 ppm 0.211 < 6.25ppm 2.4 ppm 0.193 2.38 ppm
10*LOD
18 ppm 0.229 17.01 ppm 8 ppm 0.276 6.20 ppm
1,5* the lowest
calibration standard 9.4 ppm 0.216 < 6.25ppm 9.4 ppm 0.336 10.32 ppm

LOQ: Limit of Quantification
LOD: Limit of Detection

Repeatability of the assay defines the precision under the same operating conditions over a short period of
time. The precision is described by statistical methods such as coefficient of variation or the confidence limits;
and, it expresses within-laboratory variations, such as different days, different analysts, and different
equipment (FDA ORA, 2020). In this study, for the calculation of repeatability parameter, 8 different
concentration of standard samples were tested and the assay was repeated on 3 different days. The average of
the coefficients of variation calculated for each standard value, given as percentage, was taken, and the mean
variation value for the Al test was calculated as 6.1%, and the variation value for the A2 test was calculated
as 6.9%. Therefore, within-assay repeatability values calculated using standard curve plots were 6.1% for the
Al test and 6.9% for the A2 test. Intra-assay repeatability value was also calculated by studies performed on
two different days using A1A1 and A2A2 milk samples. The results were given in Table 3.

The average of the coefficients of variation calculated for each milk sample, given as %, was taken, and the
average variation values for the Al and A2 tests were calculated as 10.3% and 2.9%, respectively. Therefore,
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within-assay repeatability values calculated using milk samples were found to be 10.3% for the Al test and
2.9% for the A2 test.

Table 3
Intra-assay reproducibility of p-casein Al and A2 protein analyzes by ELISA method with milk samples.
A1A1 milk samples were studied with A1 ELISA test, A2A2 milk samples were studied with A2 ELISA test.

Concentration Standard  Variation

(mean, mg/mL)  deviation (%)
Al1AL milk sample -1 65.5 3.1 4.8
A1A1 milk sample -2 47.2 7.5 15.9
A2A2 milk sample -1 1348.75 33.85 2.5
A2A2 milk sample -2 895.73 28.66 3.2

The objective of the validation of an analytical method is to ensure that every subsequent measurement made
during routine analysis will be accurate enough to generate the desired robustness that the unknown true value
can be approximated with minimum error for the sample’s contents (Biswas & Saha, 2015; Ellison & Williams,
2007; EURACHEMI/CITAC, 2001; ISO, 1995). This approximation is determined by the confidence level of
the assays, which is calculated as uncertainty of measurement (FDA ORA, 2020). In order to calculate the
uncertainty of measurement, ELISA method was primarily divided into two steps as “antigen-antibody
reaction” and “HRP-substrate reaction” (Biswas & Saha, 2015) since both steps are time sensitive and small
changes in volumes at pL levels thought to affect the result of the assay. For each step, the total uncertainty
was calculated, consisting of the uncertainty from the automated pipettes (Table 4); and the combined RSD
was calculated by combining these numbers with the uncertainty from the ELISA reader, and the uncertainty
from repeatability. For each part, RSD was calculated separately, and RSDcombined Was calculated by taking
the square root of the sum of the squares of all RSD values (Biswas & Saha, 2015).

For the calculation of uncertainty coming from automated pipettes (Blues, Bayliss & Buckley, 2004), the
pipettes that were used during the ELISA protocol were taken into account. Therefore, the standard
uncertainties given in the calibration certificate of the 10 puL, 100 uL and 1000 uL measuring automated
pipettes were checked and noted (Table 4). Relative standard uncertainties were calculated by dividing
standard uncertainty over the volume measured by the automated pipette. Then, RSDs for both “antigen-
antibody reaction” and “HRP-substrate reaction” steps were calculated by taking the square root of the sum of
the squares of relative standard uncertainties for each pipette used (equations 3.1 and 3.2)
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Table 4
Uncertainty of measurement from automated pipettes.

Automated Standard uncertainty Relative standard

pipettes (from the certificate) uncertainty
10 pLL 0.03 0.0030
100 pL 2.78 0.0278
1000 pL 2.78 0.0028
RSD antigen-antibody reaction) = \/(0.003)2 + (0.0278)? + (0.0278)2 = 0.028 (3.1)
RSD(HRP-substrate reaction) = -\/(0.003)2 + (0.0278)2 + (0.0278)2 = 0028 (32)

For the uncertainty calculation from the ELISA reader, as manufacturer's declaration, linearity was 0.02,
repeatability was 0.05. Therefore, the uncertainty from the device during absorbance reading was calculated
as the square root of the sum of the squares of each variable over the number of variables (equation 3.3)

— . " —
RSD(gmice = L2EEID = 0,03808 (33)

After the calculation of the uncertainty coming from “antigen-antibody reaction” step, “HRP-substrate
reaction” step and the “device”, RSD for routine analytical uncertainty was calculated by only taking one-time
performance of the assay into account (equation 3.4). Then, this number was also combined with the
uncertainty coming from the performance of the assay on different days as the repeatability (equation 3.5).
RSDs were calculated again by the square root of the sum of the squares of each variable.

. . . - 2 2 2
RSD routine analytical uncertainty) = JRSD(antigen—antibody reaction) + RSD(HRP—substrate reaction) + RSD(device)

=/0.028% + 0.028% + 0.038082 =0.055 (3.4)

Until this stage, the calculations for both Al and A2 tests were the same. Since the repeatability values of the
Al and A2 tests were different, the calculated value for the RSDcombined differed for each test.

RSDcombined = \/RSD(Zrepeatability) + RSD(Zroutine analytical uncertainty) (3'5)

For Al test RSDcombined = v0.1032% + 0.0552 = 0.117 (3.6a)
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For A2 test RSDcombined = V0.0292 + 0.0552 = 0.062 (3.6b)

The total measurement uncertainty of the Al test was found as 11.7% and that of the A2 test was found as
6.2%.

4, Conclusion

There is an increasing consumer demand for A2 milk because of health issues or personal choices as A2
milk has also recently become widespread in many countries. With this demand, industry and governments
become responsible for the control of the new product released into the market (Hawkes, 2007; Nestle, 2002;
Silver and Bassett, 2008). Therefore, A2 milk and dairy products derived from A2 milk has to be checked for
their authenticity. For this reason, food safety and control laboratories all around the world must follow and
validate an acceptable assay preferentially in an accredited laboratory. This study will set an example for the
quality control tests that should be applied for A2 milk and related dairy products in the market. By using the
same test kits and following a similar validation and analysis system, many food control laboratories will be
able to check the authenticity of the products declared to be from A2 milk in the market shelves; and therefore,
consumers will be prevented from being deceived.

This study introduces a new test to be used for the determination of the authenticity of A2 milk, and the protocol
to follow for its validation. The selection of ELISA methodology for this application was intended to make the
assay easy to adapt to any food safety and control laboratories, since ELISA reader has been a widespread
device and the methodology has been used extensively over the years. The immunological tests are simple,
rapid, and requires only a small quantity of samples. Yet, there are substatial limitations to this study, which
are mainly because of the discrimination of one amino acid difference between the two -casein proteins. In
the developed kits by the manufacturer, the antibodies used for the detection of Al or A2 B-casein were to
detect and differentiate one amino acid difference between the two proteins, which might cause false positive
results because of the high similarity between the two proteins. Therefore, the ELISA protocol followed had
some drawbacks that were dealed during the validation process with the aforementioned implementations. The
drawbacks were the lower-concentrated standards giving absorbance values very close to each other, blank
samples giving non-zero absorbances; and hence, the routine LOQ calculation for ELISA did not let the
verification of the calculated LOQ value. These drawbacks were overcome by plotting a non-linear standard
graph and the LOQ determination approach mentioned above. With the validation study, the applicability of
the method of quantitative determination of 3-casein Al and A2 proteins by ELISA method with real milk
samples in an accredited food control laboratory has been demonstrated. The non-linearity of the standard
graph of the ELISA kit used distinguishes this method from the ELISA methods that are routinely applied in
food control laboratories; and, necessitated the standard curve generation in second-order polynomial form.
Similarly, the approach applied in LOQ determination is different from routine ELISA validation protocols.
Therefore, this validation study will set an example for many food control laboratories both for the analysis of
Al1-A2 ELISA tests and other new methods that would require a non-linear standard graph calculation and a
discrete LOQ calculation approach.

Validated ELISA method was well suited for screening and quantification of 3-casein Al and A2 proteins in
milk. The introduced methods can reliably detect B-casein Al and A2 proteins quantitatively. Yet, for the
authentication of A2 milk, the presence of A2 B-casein and non-presence of Al 3-casein are sufficient to test;
therefore, qualitative interpretation of the assays are admissible. Nevertheless, it has been foreseen that similar
to the problems experienced in determination of GMO contaminations for legal purposes, when A2 milk sector
becomes more available, there will be Al-contamination problems that will lead laboratories to test for the
amount of Al protein present in the dairy product. Afterwards, the quantitative application of ELISA is
expected to be applied more.

In summary, this validation study on an ELISA for the quantification of B-casein Al and A2 proteins from
milk samples revealed difficulties due to the high similarity between the two proteins to be differentiated. Even
though an acceptable validation was achieved, for future studies, an inter-laboratory comparison test should
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be arranged. Considering the increase in demand and supply in A2 milk sector all around world, for the
authentication of A2 milk dairy in terms of food safety and regulations, food safety and control laboratories
may reliably start to use the B-casein Al and A2 detection assays validated by this study.
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getirmektedir. Calisma sonucunda parklarin gelistirilmesi ile ilgili 6neriler de sunulmustur.
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Abstract — Cities are complex and organic formations where people spend most of their lives. However, the cities
and the functions they contain, in which people interact intensively in many respects, have taken on an extremely
artificial character over time. This situation has distanced people from the nature to which they belong and has led to
physical, mental and social problems. At this point, efforts to achieve harmony between the built environment and
nature have led to biophilic design initiatives. It is important to investigate the existing relationship of each built
environment and environmental part with nature in a multi-dimensional way to determine the deficiencies. Thus,
optimum inclusion of the right approaches in environmental design can be ensured. In this context, the study provides
a complete analysis of the functional areas in the coastal parks of Ordu province in line with the biophilic design
principles. The aim of the study is to determine at what level and with what features the urban parks, which are used
extensively by the citizens, offer nature experience. Thus, development targets will be determined to increase the
positive effect of the service received by the citizens in the structured and artificial urban environment. The study was
carried out in 4 coastal parks and 9 function classes in line with 14 biophilic design criteria. According to this; The
investigated parks fulfill the biophilic design criteria to a great extent. As a result of the study, suggestions for the
development of parks were also presented.

Keywords — Biophilia, biophilic design, biophilic urbanism, urban green spaces, uban parks

L2 paglanozel@hotmail.com
22 omeratabeyoglu@odu.edu.tr

*Sorumlu Yazar

893


https://dergipark.org.tr/tr/pub/jarnas/article/1269933
https://dergipark.org.tr/tr/pub/comufbed
http://orcid.org/0000-0002-9086-8537
http://orcid.org/0000-0001-7230-8598

Journal of Advanced Research in Natural and Applied Sciences 2023, Cilt 9, Say: 4, Sayfa: 893-911

1. Giris

Sanayi Devrimi'nin 6ncesi ve sonrasinda, insanlarin biiyiikk ¢ogunlugu, hayatlarmin ¢ogunu dogada
gecirmislerdir. Dolayisiyla, insan, doga ile siirekli olarak etkilesim halinde olmustur. Sosyal psikolog Erich
Fromm, 1964 tarihli “The Heart of Man” adl1 yayininda “biyofili” terimini ortaya atmistir. Biyolog Edward O.
Wilson daha sonra 1984'te ve 1993'te “Biyofili Hipotezi” ile kendi adimi tagiyan bir baslikla “biophilia”
terimini popiiler hale getirmistir. Kellert ve Wilson'in Biofili Hipotezini yayinlamasindan bu yana gecen yirmi
yilda, biyofiliyi destekleyen kanitlar 6nemli Ol¢iide genislemistir (Ryan ve Browning, 2020). Biyofili,
insanligin dogayla dogustan gelen biyolojik baglantisidir. Kiiresel kentlesmenin hizla artan siirecinde, insan
ve doga arasindaki bagin kopmamasi adina, biyofilik tasarim kavramina ilginin arttig1 goriilmektedir. Biyofilik
tasarim temeli, insanin yasamuni siirdiirdiigii yapili ¢evreye ve yasam alanlarina, dogal malzeme ve
materyallerin getirilmesi, siirdiiriilmesi ve insan-doga iliskisinin gii¢lendirilmesi ilkesine dayanmaktadir
(Yurtgiin, 2020, Aykal & Ozil, 2021). Biyofilik tasarim insan ve doga arasindaki bag tekrar kurmay1 amaglar.
Bununla birlikte mesleki stres, biligsel performans ve zihinsel saglik gibi cagdas kaygilar karsisinda dogal
nitelikleri degerlendirerek stresi azaltmak, yaraticiligi ve net diisiinmeyi tesvik etmek, fiziksel ve psikolojik
saglhigi iyilestirmek ve iyilesmeyi hizlandirmak gibi faydalari vardir (Bolten ve Barbiero, 2020, Kellert 2005,
Kellert ve Finnegan 2011, Browning vd., 2014). Biyofilik tasarim anlayisi, modern diinyada biyolojik bir
organizma olarak insanlar i¢in faydali bir yasama ortami olusturmay1 hedefler (Kellert ve Calabrese, 2015).

Tarihi yapilardaki ve mekanlardaki dogal temalara, en eski insan yapilarinda dahi rastlanmaktadir. Neolitik
Gobekli Tepe'ye Ozgii stilize hayvanlar, Misir Sfenksi, Yunan tapinaklarim siisleyen akantus yapraklari ve
Rokoko tasarrmmnin narin yaprakli tasarim &nemli drneklerdir. Ispanya'da Elhamra Saray1 bahgesindeki
avlular, Antik Cin'deki porselen balik kaseleri, Teotihuacan'daki (antik Mexico City) Kushane, Japon bonsai
sanat1, Misir soylularinin evlerindeki papiriis havuzlari, Ortagcag Almanya'sindaki yazlik bahgeler ve Babil'in
Asma Bahgeleri ise biyofilinin klasiklesmis 6rneklerindendir (Ryan ve Browning, 2020).

Le Corbusier’in Radiant City’sinde, kent sakinleri i¢in dogayla baglant1 saglamaya caligsarak, ¢cimenler ve
agaclarla gevrili bir parka kuleler yerlestirmistir. Manzarayi, ¢elik ve cam binalarla doldurmus ve bu, 6zellikle
binalar yiikseldik¢e zaman i¢inde insanlar1 dogadan giderek daha fazla koparmistir.

19. ylizyilda kentsel niifus artisiyla birlikte dogal kaynaklarin tiiketimi hizlanmistir. Bu durum g¢evre {lizerinde
biiyiikk bir baski yaratmis ve kentlerdeki saglik sorunlari artis gostermistir. Dolayisiyla insan sagligini
iyilestirmek, kentsel yagamin stresini azaltmak ve yasanabilir kentler i¢in nitelikli kentsel yesil alanlara ve kent
parklarina olan ihtiya¢ da artmistir. Bu kapsamda bozulmus kent dokusunun yenilenmesine ve gelismesine
biiyiikk oOlciide katkilar ve firsatlar sunan kent parklari, rekreasyonel, fizyolojik, sosyolojik, estetik ve
fonksiyonel agilardan da kentsel nefes alma noktalaridir. Dahasi kent ve kentli ile giiglii baglar kuran peyzaj
alan kullanimlaridir.

Son yillarda insanlik dogayr kesfetmek, hissetmek ve dogaya donmek i¢in karsi koyulamaz bir arzuya
kapilmstir (Zhong, vd. 2021). 21. yiizyilin baginda biyofili kavrami mimari alanda gelistirilip, uyarlanmis ve
insanlarin bina ortaminda dogal ¢evre ile etkilesim ihtiyaglarinin duygusal yoniine dikkat ¢ekmistir. Biyofilik
sehircilik, kentsel agik yesil alan planlamalari ile toplum sagligini iyilestirici etkiye sahiptir (Littke, 2016).

Biyofilik tasarimin 6nemli bir dolayl faydasi, tasarim uygulamalarina rehberlik etmek ve sonrasinda etkinligi
degerlendirmek i¢in nitel ve nicel bilim temelli 6l¢iitlerin belirlenmesine yapilan vurgudur (Ryan ve Browning,
2020).

Kellert (2005)’e gore biyofilik tasarimin iki ana boyutu vardir. ilki, dogaya dogrudan, dolayli veya sembolik
olarak temastir. Bu yapili mekanin bigimlerinde ve islevlerinde doganin kaliplarinin ve siireglerinin
kullanilmastyla saglanir. ikinci boyut ise, yer temellidir ve yapili cevre veya peyzaj ile belirli bir bolgenin
kiilttirti arasindaki iliskiyi tanimlar (Totaforti, 2020).

Kellert ve Calabrese (2015), biyofilik tasarimin etkili bir sekilde uygulanmasi i¢in asagidakileri igeren temel
kosullar1 belirlemistir: Biyofilik tasarim,

- dogayla tekrar tekrar ve siirekli bir iligki gerektirir.
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- evrimsel siire¢ icerisinde, insanlarin zindeligini, esenligini ve de sagligini, gelistiren dogal diinyaya ve insan
adaptasyonlarina odaklanir.

- belirli alanlara ve ortamlara olan duygusal bagliligi motive eder.
- insan ve doga arasinda, genisletilmis sorumluluk ve iliski duygusuyla, olumlu etkilesimleri tesvik eder.

Peyzaj Mimarligi meslegi, diger meslek disiplinleri icerisinde biyofilik tasarim yaklagimimni en fazla
benimseyen tasarim anlayisina sahip olmasina ragmen, bu alanda yapilan calismalar olduk¢a sinirlidir.
Biyofilik tasarimin kentsel rekreasyon alanlarindaki uygulamalarini temel alan ¢alisma gézlemlenebilir ilkeler
aracihigiyla mekan-doga uyumunun tespit ve kontrol edilebilirligine vurgu yapmay1 éncelemektedir. Calisma
kapsaminda, ‘Ordu kenti kiy1 parklarinin’ fonksiyonlarina goére siniflandirilmas ile her bir fonksiyon i¢in;
“Biyofilik Tasarim Kriterleri’ne uygunlugu arastirilmis; biyofilik tasarimin kentsel ortamlardaki faydalarimi
irdelemek ve gelistirmek amaglanmustir.

2. Materyal ve Yontem

2.1. Materyal

Caligma alam olarak; Ordu kenti kiy1 seridi {izerinde konumlanan kiy1 parklar secilmistir. Kent merkezi
boyunca devam eden kiy1 parklar1 dort boliimden olusmaktadir. Bunlar batidan doguya dogru olmak iizere
Riisumat Parki, Atatiirk Parki, Tayfun Giirsoy Parki ile Akyazi Plaji ve Kiy1 Parki’dir (Sekil 1). Ordu kiy1
parklar1 kent merkezinde olup, toplam uzunlugu 4970 m’dir. Caligma alan1 kapsaminda bulunan Ordu kenti
kiyr parklari, 6zgiin ve modern bir tasarim anlayisina sahip olmasinin yani sira igerisinde rekreasyonel
aktiviteler, donat1 elemanlar1 ve kentsel yesil alan kullanimlar1 bakimindan kent parki niteligi tasimaktadir
(Karaagag, 2019). Ordu kent parklari, bdlgenin diger énemli cazibe merkezlerine yakin olmasi ve kent ile
iligkisinin rahat¢a kurulmasi nedeniyle bolge halki tarafindan siklikla tercih edilir. Riisumat Parki, Atatiirk
Parki, Tayfun Giirsoy Parki ve Akyazi Kiy1 Parki toplam alan1 196.876 m? olup, toplam uzunlugu ise 6471
m’dir.

@ RUSUMAT -ATATURK

~ PARKI

TAYFUN GURSOY
PARKI

@ AKYAZIPLAJIVE
PARKI

@ saAHiLYOLU

Sekil 1. Calisma alani konumu.

Riisumat Parki: Kentin bati tarafinda, Tagbasi Mahallesi, Diiz Mahalle ve Sarkiye Mahallesi boyunca Atatiirk
Parki’na kadar uzanmaktadir. Kent parkinin alan1 30.226 m2 olup, 1255 m uzunlugundadir. Riisumat Kent
Parki’nda, bisiklet yolu, yiiriiyiis yollar1, kordon boyu gezi alani, oturma alanlari, sergi alani, iskele ve ¢ocuk
oyun alan1 gibi pek ¢ok islev bulunmaktadir.

Atatiirk Parki: Sarkiye Mahallesi’nde bulunmakta olup, 53000m? alana sahiptir. Bu alanin 12100m?’sini yesil
alanlar olugturmaktadir. Park igerisinde oturma alanlari, yoresel iiriin satis alanlari, skate park ve ters ev gibi
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eglence alanlar1, Atatiirk Anit1 ve toren alani, yliriiylis parkurlar1 ve bisiklet yollar1 bulunmaktadir. Alanda
ayrica; 650 araclik iki adet otopark, teleferik istasyonu ve kafeler de yer almaktadir.

Tayfun Giirsoy Parki: Bahgelievler Mahallesi kiy1 seridi boyunca uzanmaktadir. Kent parkinin toplam alani
85000 m? ve uzunlugu 1290 m’dir. Parkta bisiklet yolu, kosu yolu, fitness alanlari, cocuk oyun alanlari, kafeler,
otopark alani, fuar alani, spor sahalar1, anit alanlari, plaj kullanimlar1 ve benzeri fonksiyonlar yer almaktadir.

Akyaz1 Kiy1 Plaj ve Park Alani: Kentin dogu tarafinda Akyazi Mahallesi boyunca kiy1 seridinde uzanmaktadir.
Kent parki, Tayfun Giirsoy Parki’nin devamini olusturmakta olup, Bahgelievler ve Akyazi Mahallelerini
baglayan Gazi Kopriisii’'nden baglayarak, Durug6l Mahallesi’ne kadar devam eder. Kent parkinin toplam alani
28650 m? olup, 2475 m uzunlugundadir. Parkta; piknik alanlar1, yiiriiylis parkurlari, kosu ve bisiklet yolu,
oturma alanlari, su parki ve survivor park gibi eglence alanlari, plaj, biifeler ve kafe gibi pek ¢ok fonksiyon
bulunmaktadir (Karaagac, 2019).

2.2. Yontem

Calismada, Browning ve ark. (2014)’1nin belirlemis oldugu, 14 “Biyofilik Tasarim Kriteri” temel alinmistir
(Tablo 1). 14 kriter yerinde nitel olarak degerlendirilerek, gozlemlenmistir. Biyofilik Tasarim Kriterleri yorum
gerektirmeyen, somut olgular {izerine kurgulanmis oldugundan kriterin varliginin kanitlarina mekanin sahip
olmasi yeterli olmaktadir. Kriterlerin alandaki varligina iliskin tespitler alan ziyaretleri ve uzman gézlemleri
ile gerceklestirilmistir.

Calisma alani, fonksiyonel alan kullanimlari bakimindan 9 sinifa ayrilmis ve fonksiyon bazli olarak
parametreler incelenmistir. Calisma alanindaki fonksiyonel alan kullanimlari; ¢ocuk oyun alanlari, oturma
alanlar1, gezi alanlari, acik yesil alanlar, spor alanlari, alig veris alanlari, eglence alanlari, ulasim ve otoparklar,
toren ve anit alanlaridir. Her bir fonksiyonel alan kullanimi ¢alisma alanini olusturan dort rekreasyonel alan
bazinda ayr1 ayri degerlendirilmistir. Calismay1 olusturan dort alan birbirinin devami ve tamamlayicisi
olduklarindan, ¢aligma bu dort alana degil fonksiyonlar iizerine kurgulanmistir. Béylece, Ordu kenti tiim kiy1
rekrasyon alanlarinin 9 fonksiyon alani 6zelindeki mevcut biyofilik potansiyeli ortaya koyulmustur. Her bir
parkta ayn1 fonksiyonlardan mevcut olup, bunlar birbirlerinin devami ve tamamlayicisi niteliktedir. Bu nedenle
her bir park ve her bir parktaki her bir fonksiyonun birlikte olusturduklari etki daha anlamlidir.

Bu degerlendirme yapilirken; her bir fonksiyon alami igin biyofilik tasarim kriterlerinin varlig
degerlendirilmistir. Objektif olmak bakimindan kriterler; var, yok ve kismen olmak {izere ti¢ net kategoride
degerlendirilmistir. Bu kapsamda; bir kriterin mevcut olmasi durumunda 2 puan, kismen var olmasi
durumunda ise 1 puan verilmistir. Kriterin bulunmamas: durumunda ise puan verilmemistir. Sadece
“risk/tehlike” kriteri igin ters bir iligki mevcuttur. Bu kriter i¢in 2 puan fonksiyon alaninda risk/tehlike
bulunmamasi durumu i¢in verilmis, bulunmasi durumu i¢in ise puan verilmemistir. Kismen risk/tehlike
bulunmasi durumu igin ise 1 puan verilmistir. 14 kriterin toplam puani o fonksiyon alaninin kiy1 rekreasyon
alanlar1 biitiiniindeki biyofilik sartlara uygunlugunu ortaya koymaktadir. Bu durumda tiim kriterlerin
saglanmas1 durumunda alinabilecek en yiiksek puan 28’dir. Eksik kriterler, hangi fonksiyon alanlarinin hangi
ozellikge gelistirilmesi gerektigini gosterirken, puan durumu ise bu eksikligin ne diizeyde oldugunu ortaya
koymaktadir.

896



Journal of Advanced Research in Natural and Applied Sciences

2023, Cilt 9, Say: 4, Sayfa: 893-911

Tablo 1

Biyofilik tasarim parametreleri

Mekandaki 1.Doga ile gorsel baglanti Doganin unsurlarina, canli sistemlere ve dogal siireglere bir bakis
Doga 2. Doga ile gorsel olmayan Dogaya, canli sistemlere veya dogal siireglere kasitli ve olumlu
baglanti bir génderme olusturan isitsel, dokunsal, koku alma veya tat alma
uyaranlari
3.Ritmik olmayan duyusal uyaranlar  Istatistiksel olarak analiz edilebilen ancak kesin olarak tahmin
edilemeyen doga ile stokastik ve gegici baglantilar
4.Termal ve hava akis1 degiskenligi  Dogal ortamlar taklit eden hava sicakligi, bagil nem, ciltteki
hava akis1 ve ylizey sicakliklarindaki kiigiik degisiklikler
5.Su varlig1 Suyu gorerek, duyarak veya dokunarak bir yerin deneyimini
artiran bir durum
6.Dinamik ve daginik 151k Dogada meydana gelen kosullar1 yaratmak i¢in zamanla degisen,
degisen 151k ve golge yogunluklarindan yararlanma
7.Dogal sistemlerle baglanti Dogal siireglerin, o6zellikle mevsimselligin farkindaligr ve
saglikli bir ekosistemin karakteristigi olan zamansal degisiklikler
Dogal 8.Biyomorfik formlar ve desenler Konturlu, desenli, dokuya sembolik gondermeler, dogada devam
Analojiler eden tiiremis veya sayisal diizenlemeler
9.Doga ile maddi baglant1 Belirgin bir yer duygusu yaratmak i¢in minimum islemle yerel
ekolojiyi veya jeolojiyi yansitan dogadan malzeme ve dgeler
10.Karmagiklik ve diizen Dogada karsilasilanlara benzer bir uzamsal hiyerarsiye uyan
zengin duyusal bilgi
Mekénin 11.0lasilik/Manzara Gozetleme ve planlama i¢in bir mesafeden engelsiz bir goriis
Dogas1 12.S1gmak Cevresel kosullardan veya ana faaliyet akigindan, kisinin arkadan
ve yukaridan korundugu bir siginak yeri
13.Gizem Kisiyi ¢evrenin daha derinlerine gitmeye tesvik eden kismen
gizlenmis goriisler veya diger duyusal araglar yoluyla elde edilen
daha fazla bilgi vaadi
14.Risk/Tehlike Giivenilir bir giivenlik dnlemi ile birlikte tanimlanabilir bir tehdit
3. Bulgular

Incelenen kent parklari, igerdigi fonksiyon alanlar ile rekreasyonel anlamda Ordu kentinde énemli gérevler
iistlenmistir. Parklar, kent insaninin dogayla bulugmasi ve bag kurmasi agisindan da biiyiik paya sahiptir. Ordu
kenti kent parklar1 baslica fonksiyonlar bazinda kategorilere ayrilarak degerlendirmeye alimustir.

3.1. Mekéandaki Doga

Bu kapsamda ¢alisma alani degerlendirildiginde, mekandaki doga parametreleri bazinda ¢ok yiiksek varliga
sahip oldugu goriilmektedir. Zira g¢alisma alaninin tamami tiim fonksiyonlar1 ile birlikte doganin
sunduklarindan biiylik 6l¢iide istifade etmektedir. Calisma alaninin kiy1 boyunca uzanmasi nedeniyle deniz
manzarasina dogrudan hakimdir. Bununla birlikte kentin bir bumerang andirir sekilde kavisli bir kiy1 ¢izgisine
yerlesmis olmasi her nereden bakilirsa bakilirsin karsi kiyilarin ve gerisindeki dag ve tepelerin goriis alanina
girmesini saglamaktadir. Boylece dogal formlar ve barindirdiklar dogal &geler, calisma alanindan hakim
olunan gorsel materyalin bir parc¢asina doniisebilmektedir. Ayrica, ¢aligma alani igerisindeki yogun plantasyon
ve bu plantasyonda yasayan hayvanlar doga seyrini zenginlestirmektedir. Bununla birlikte ¢calisma alani, doga
ile gorsel olmayan baglantilarca da zengindir. Yagish silirenin uzun oldugu kentte yagmur sonrasi toprak
kokusu, bir biri sira agan ¢icekli bitkilerin kokulari, yogun plantasyon nedeniyle buralarda yasayan kuslarin
sesleri, insanlarin ilgisine aligmig sokak canlilarinin samimi iletigimi, dalga sesleri gibi pek ¢ok olgu kentsel
alan olmasma ragmen g¢alisma alaninda yogun sekilde istifade edilebilen duyusal zenginliklerdir. Aym
zamanda yiiksek nem, deniz ve kenti ¢cevreleyen topografya ¢alisma alani {izerinde anlik veya uzun siireli hava
akis yonil ve siddeti ile termaller iizerinde etkilidir. Bu da ¢aligma alanini ¢evreleyen plantasyondan kaynakli
taze kokular ile ¢evreye hakim doga seslerinin yonleri ve siddeti lizerine etki etmekte, ¢esitliligi ve zenginligi
desteklemektedir. Calisma alan1 dogal kaynaklar bakiminda zengin olmakla birlikte su varligi bu gesitlilikte
one ¢ikmaktadir. Caligma alanina hakim olan deniz ile birlikte akarsular ve yapay su Ogeleri goriintiileri,
hissiyatlari, yansima ve isiltilara etkileri ve temas ile gerek eglence, gerek dinlenme, gerekse spor gibi
aktivitelere doganin dahlini miimkiin kilmaktadir. Calisma alani dogrudan giines 15181 alan sartlarda
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bulunmakla birlikte, yer yer yogun plantasyon etkisi dogal 1sikta efektler ve oyunlar da olugturmaktadir. Ayrica
su ve deniz gibi yansima yiizeyleri 15181n dagilimi ve alternatif etkilerde rol almaktadir. alan igerisinde yapilan
suni aydinlatma, geceleri dogrudan ve dolayli yolla dogal 6gelerin vurgulanmasi, goriiniir kilinmasi ve
etkisinin  gii¢lendirilmesini  saglayict tarzdadir. Ozellikle plantasyon mevsimsel degisimlerin
gbzlemlenmesinde son derece etkilidir. Herdem yesil ve yaprak doken, ¢icekli, ¢igeksiz ve meyveli bitkiler

zamansal degisimleri fark edilir kilacak yogunluk ve harmonidedir.

Tablo 2
Mekandaki doga parametreleri

Mekéandaki Doga 1. Doga ile gorsel baglanti 5. Su varligt
2. Doga ile gorsel olmayan baglanti 6. Dinamik ve daginik 151k
3. Ritmik olmayan duyusal uyaranlar 7. Dogal sistemlerle baglanti

4. Termal ve hava akis1 degigkenligi

3.2. Dogal Analojiler

Dogal analojiler, ister i¢ ister dis mekan mimarisinde olsun son derece etkili ve etkileyici yasam alanlari
olusturmakta atlanmamasi gerekenlerin basinda gelir. Doganin sicakligi, samimiyeti, zarafeti, duyarliligi,
hissettirdikleri ve duyumsanabilirligi yasam alanimi canli odakli, saglikli ve yasanabilir kilmakta etkilidir.
Doga dogrudan ve dolayli yollarla tasarima ve yasam alanina kazandirilirken; imsegesel ve simgesel
boyutunun etkisi de goz ardi edilmemelidir. Boylece materyalden forma, dokudan gagrisima kadar pek ¢ok
sey hayal giicii ve teknik imkanlar dogrultusunda mekanin biyofilik tasarim karakterini giiclendirir.

Calisma alan1 dogal analojiler bakimindan yiiksek yeterlilie sahip olmakla birlikte tam anlamiyla
gereklilikleri yerine getirdigi sdylenemez. Bununla birlikte; ¢aligma alaninda dalgalara benzeyen oturma ve
oyun birimleri, ¢esitli canlilarin kendileri ve iirettikleri materyallere benzetilerek kullanilmis oyun {initeleri,
plastik objeler, bitki ve ¢icek form ve desenlerine atiflar, dogal materyaller ve dogal dokulu kaplamalar ile
dogay1 taklit eden topografik formlar ¢cok¢a degerlendirilmistir. Bu kullanimlar alana hem hareketlilik ve
zenginlik katmis hem de kentin imajina vurgular yapmustir. Boylece kent, kendi dogal ve Kkiiltiirel
zenginliklerini de gosterme firsati elde etmistir. Ayrica, bitkisel kullanimlar yer yer yetersizliklere sahip olsa
da dogay1 taklit etmeye ¢alisan tasarim doganin izlenimleri ve zenginliklerini alana kazandirmakta etkilidir.
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Tablo 3
Dogal Analojiler parametreleri

Dogal Analojiler 8. Biyomorfik formlar ve desenler
9. Doga ile maddi baglanti
10. Karmagiklik ve diizen

3.3. Mekamin Dogasi

Doga iginde bulunan canlilar i¢in her sistemi ve icerdigi her niteligi ile essiz bir bariaktir. Bdylece, doga
canlilara giivenli ve saglikli bir barinak saglarken, barindirdigi canlilardan da sistemin isleyisine katki elde
eder. Bu nitelikli is birligi insanlarin yasam alanlarina kazandirildig: 6l¢iide insan yapimi mekanlar islev,
anlam ve degerle yiiklenir. Insan, varlig1 ve icgiidiileri geregi doganin bir pargasidir ve higbir sart altinda
dogadan kopmaz veya kopmayi tercih etmez. Dahasi dogay1 ve izlerini yagsam alanina ¢ekmeyi, mekan1 doga
ile zenginlestirmeyi, tamamlamay1 ve biitlinlestirmeyi arzu eder. Boylece kendisi de tamamlanir. Bu anlamda
mekanin dogas1 kullanicilara genis perspektifler sunarken, mekan olusturmali, mekansal zenginlikler
olusturmali, giivenlik risklerini ise bertaraf etmelidir.

Caligma alani, deniz kiyisinda olmasi ve kent parki niteliginde bulunmasi nedeniyle son derece genis bir
perspektifte ve uzun mesafeli gorlis ve seyir alanina sahiptir. Boylece hem ¢evrenin hem de mekanin
algilanabilirligi artmakla birlikte, dogal etkilerin de alanda farkindalig1 yiikselmektedir. Bu genislik ve ferah
perspektif kente hakim dogal form ve dokularin ¢aligma alanin da pargasina doniismesini saglamistir, ki bu da
biyofilik tasarim agisindan istenilen bir durumdur. Bununla birlikte alanda pek ¢ok yerde gerek yapisal
iiniteler, gerekse bitkisel doku ile korunakli ve kullaniciy1 yapay ¢evresel etkenlerin olumsuzluklarindan ayiran
veya baskisini indirgeyen tasarim detaylart mevcuttur. Bu, kullanicinin doga hissiyat: ve mekanin dogasi ile
0zdeslesmesine firsat olusturur. Calisma alani kent i¢i kamusal bir rekreasyon alani oldugundan giivenlik ve
algilanabilirlik nedeniyle tam anlami ile kapaticilik, gizlilik, perdeleme gibi kullanim alanlar1 ve tasarim
detaylarina sahip degildir. Ancak yer yer topografik degisimler, plantasyonda yer alan biiylik agaclar ve ¢ali
guruplari, oturma alanlar ve teraslardaki ortii elemanlari, yar1 kapali oturma birimleri, diger rekreatif nesneler
alandaki merak duygusunu artiran biyofilik 6gelerdir. Alan igerisinde tahdit olusturabilecek haller de s6z
konusudur. Alanin deniz kiyis1 boyunca seyredir olusu, denizden kaynakli dogal tehditleri glindeme
getirmektedir. Bunun diginda doga temelli olmayan ancak, biyofilik 6zelliklerle bertaraf edilme imkanina sahip
olmakla birlikte alana paralel ilerleyen ara¢ yolu bir tehdit unsuru olarak degerlendirilebilir. Calisma alani
icerisinde muhtelif yerlerde bulunan otoparklar, eglence alanlarindaki oyun elemanlar1 da zaman zaman ve
belirli durumlar altinda tehlike igermektedir.
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Tablo 4
Mekanin dogas1 parametreleri
Mekanin 11. Olasilik/Manzara
Dogasi 12. Sigmnak
13. Gizem
14. Risk/Tehlike

3.4. Fonksiyonel Degerlendirme

3.4.1. Cocuk Oyun Alanlari

Cocuk oyun alanlarinin ¢evresinde bulunan yogun yesil alan olusumlari1 nedeni ile kullanicilarin doga ile
gorsel baglanti kurmasina sebep olan ¢ok sayida dogal etken mevcuttur. Mevsimsel degisikligiyle farkli
manzaralar sunan bitkisel varlik, alanin hakim oldugu deniz ve tepe manzarasi ¢ocuk oyun alanlarinda doga
ile gorsel baglanti kurulmasini saglayan unsurlardir. Alanda, bireylerin dogayla gorsel olmayan baglantiy1
kurmay1 saglayan duyusal uyaranlar da mevcuttur. Alanin yakininda yer alan denizdeki dalga sesleri, dogal
dokular, kus civiltilari, yaprak hisirtilart ve koku veren bitkisel uyaranlar ile doga ile gorsel olmayan baglanti
saglanmaktadir. Cocuk oyun alanlarindaki kullanicilarin hareketi ve oyun alanindaki mekanik nesnelerin
sesleri bir miktar baskilasa da; alanin ¢evresinde bulunan agag ve calilarin hafif bir esintiyle hareket etmesi
ritmik olmayan duyusal uyaranlarin varligimi gostermektedir. Cocuk oyun alanlarinin kiy1 kesiminde denize
yakin noktalarda kurgulanmasi ve etrafindaki farkli doku ve formdaki bitkilerin varligi hava sicakligi, bagil
nem ve hava akigina etki ederek termal degiskenligi saglanmaktadir. Ayn1 zamanda oyun alanlarinin denize
¢ok yakin olmasi ¢ocuklarin suyla goérsel, duyusal ve dokunsal baglantilarini saglamaktadir. Cocuk oyun
alanlarinda dogal 151k ve golge oyunlarmin kullanilmas: ve dogal olgular1 ortaya ¢ikartip destekleyecek
aydmlatma kosullar1 bakimindan eksiklikler tespit edilmis olup, dinamik ve dagmik igik ise yetersizdir.
Kullanicilar, ¢alisma alani igerisinde mevsim degisimleri ve gegislerini gdzlemleme imkani bulabilmekte ve
dolayisi ile dogal sistemlerle baglanti kurabilmektedir.

Cocuk oyun alanlarinda dogadan esinlenerek tasarlanmis materyaller bulunmaktadir. Alan igerisinde deniz
dalgasina benzetilen platform, kaydirak ve yapay tepe formlar1 ile ériimcek agina benzetilen ipli tirmanma
platformlari, su parkinda ¢igek formlu oyun elemanlar gibi doga ile uyumlu biyomorfik form ve desenlere
rastlamak miimkiindiir. Alanlarin igerisinde kullanilan malzemelerin bir kism1 ahsap ve dogal zemin olmakla
birlikte; geri kalaninin kauguk, polietilen, metal vb. materyaller olmasi nedeniyle dogayla maddi baglanti
kismen saglanabilmektedir. Cocuk oyun alami igerisinde tiim mekanlar hiyerarsik bir diizende olup,
karmasiklik ve diizen ilkesi i¢inde tasarlanmustir.

Cocuk oyun alanlarinin konumlandirildig: tiim noktalar, engelsiz goriis alanina sahip olup, olasilik/manzara
degeri yliksek potansiyele sahiptir. Kent parklar1 igerisinde bulunan oyun alanlari, bireylerin yogun kullandig1
alanlardir. Dolayisiyla siginak ve korunma alanlar1 igermemektedir. Calisma alani igerisinde farkli
yiikseklikteki ve biyofilik formdaki grup elemanlar1 kullanicilarda merak ve gizem uyandirmaktadir. Park
icerisindeki ¢cocuk oyun alanlarinda risk/tehlike ilkesi kapsaminda tehlike olusturabilecek kullanimlar tespit
edilmemistir (Tablo 2).
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Tablo 2
Cocuk oyun alanlarinda biyofilik tasarim parametreleri degerlendirmesi
o Do,.ga ile Ritmik Termal ve L Dogal
~ Dogaile gorsel gorsel olmayan hava akiss Su varhs: Dinamik ve sistemlerle
Mekandaki baglant1 olmayan duyusal 4 av K l§“' U variig daginik 151k baslant
doga baglantt uyaranlar ceIskeniigl agiantl
** ** ** ** ** * *%*

Dogal Biyomorfik formlar ve desenler Doga ile maddi baglanti Karmagiklik ve diizen
analojiler ** **x *x
Mekanmn Olasilik/Manzara Siinak Gizem Risk/Tehlike
dogaSl ** * ** **

(**: Saglamakta, *: Kismen saglamakta)

3.5. Oturma Alanlari

Ordu kent parklar1 oturma alanlarinda, kullanicilarin dogayla gorsel baglanti kurmasini saglayan ¢ok sayida
Oge mevcuttur. Mevsimsel olarak farkli manzaralar sunan bitkilerin varlig1 ile oturur pozisyonda seyir imkani
sunan doga ve deniz manzaralari alanlarda kullanicilarin doga ile gorsel baglanti kurmasini saglamaktadir.
Dogayla gorsel olmayan baglanti baglaminda, calisma alanina ¢ok yakin olan denizin ve kiyiya vuran
dalgalarin sesi, oturma alanlarinin etrafinda gezinen ve ugan hayvanlar, mevcut agacglarin ve yapraklarin sesleri
gibi duyusal uyaranlar dogayla gorsel olmayan baglantinin kurulmasini saglamaktadir. Ancak, alanin hemen
yakiindaki ara¢ yolundan kaynakli trafik giiriiltiisii dogayla gorsel olmayan baglantiyr baskilayan ve
zayiflatan bir etki olusturmaktadir. Alanda bulunan agaglar, cicekler, calilar ve ¢imlerin esintiyle hareket
etmesi ve denizdeki dalga hareketleri ritmik olmayan duyusal uyaranlarin varligini géstermektedir. Benzer
sekilde oturma alanlarindaki kullanici hareketleri, alanin yakinindaki bisiklet ve kosu yolunda hareket halinde
bulunan bisiklet, elektrikli scooter, ginger vb. nesnelerin sesleri doga ile duyusal uyaranlari baskilamakta ya
da etkisini zayiflatmaktadir. Caligma alaninda bulunan oturma alanlarinin denize yakin noktalarda
kurgulanmasi ve etrafindaki farkli doku ve formdaki bitkilerin varligi ile hava sicakligi ve bagil nemdeki
degisikler hava akisi degiskenligi saglanmaktadir. Oturma alanlarinin denize ¢ok yakin mesafede olmasi seyir
keyfinin yani sira duyusal uyaranlar1 da harekete gegirmektedir. Oturma alanlarmi gevreleyen ¢im alanlarin
tizerindeki farkli 151k gblge yogunluklar ile kullanicilar 15181 dogrudan, agaglarin altindaki golgelik ve agiklik
alanlarda ise daginik ve dinamik 15181 tecriibe etmekte olup, dogada meydana gelen aydinlatma kosullar taklit
edilmistir. Dolayis1 ile oturma alanlarindaki dinamik ve daginik isiktan yeterince istifade edilmistir.
Kullanicilar, ¢alisma alaninda yer alan oturma alanlarindaki bitki tiirlerinin mevsimsel degisimlerini ve
gecislerini gbzlemleme imkani bulabilmekte, deniz kiyisina inip deniz, kum ve dogal taslarla temas halinde
olabilmekte, dogal sistemlerle baglant1 kurabilmektedir.

Kent parklarindaki oturma alanlarinda dogadan esinlenerek tasarlanmig oturma-dinlenme elemanlari da
bulunmaktadir. Alan igerisinde deniz dalgasina benzetilen ahsap banklar, tas formunda oturma birimleri, kiy1
kenarinda dinlenme ve seyir amagh sezlong goriiniimiinde oturma-dinlenme birimleri gibi doga ile uyumlu
biyomorfik form ve desenlere rastlamak miimkiindiir. Buna ragmen, oturma alanlarinda islenmis halde dogal
tas ve ahsap malzemeler kullanilmig olsa da zeminlerinde uygulanan malzemeler dogalliktan uzaktir. Bu
nedenle doga ile maddi baglant1 kismen saglanabilmistir. Oturma alanlari igerisinde tiim mekanlar hiyerarsik
bir diizende olup, karmasiklik ve diizen ilkesi i¢inde tasarlanmugtir.

Kent Parklarindaki tiim oturma alanlar1 ve bunlarin konumlandirildigi tiim noktalar engelsiz goriis alanina
sahip olup, olasilik/manzara degeri yiiksek potansiyele sahiptir. Calisma alani igerisinde bulunan oturma
alanlar1 kullanicilarin yogun kullandigi alanlar olup, alanda daha ¢ok kullanicilarin diger bireylerle birlikte
zaman gegirebilecegi yar1 kapali ve iistli acik oturma birimleridir. Dolayisiyla siginak ve korunma alanlar
icermemektedir. Calisma alani icerisinde farkli yiikseklikteki donati elemanlari kullanicilarda merak ve gizem
uyandirmaktadir. Park igerisindeki oturma alanlarinda risk/tehlike ilkesi kapsaminda tehlike olusturabilecek
kullanimlar tespit edilmemistir (Tablo 3).
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Tablo 3
Oturma alanlarinda biyofilik tasarim parametreleri degerlendirmesi
o Do,.ga ile Ritmik Termal ve L Dogal
~ Dogaile gorsel gorsel olmayan hava akiss Su varhs: Dinamik ve sistemlerle
Mekandaki baglant1 olmayan duyusal de "i/ kenl?“i U vartig daginik 151k baslants
doga baglantt uyaranlar giskeniis £
** ** ** ** ** ** *%*

Dogal Biyomorfik formlar ve desenler Doga ile maddi baglanti Karmagiklik ve diizen
analojiler * * *x
Mekanmn Olasilik/Manzara Siinak Gizem Risk/Tehlike
dogaSl ** * ** **

(**: Saglamakta, *: Kismen saglamakta)

3.6. Gezi Alanlari

Kullanicilarin gezi alanlarinda seyir halindeyken bu alanlarinin denize ve kiyiya paralel sekilde devam
etmesi nedeniyle gezi alanlarinda panoramik agilardan da hem deniz hem de doga manzara seyir noktasi ¢okga
mevcuttur. Ayrica gezi alanlar1 boyunca farkli noktalarda resim ve kus, balik, bitki figiirli heykeller gibi
sanatsal objeler ile cesitli bitki tiirlerinin varlig1 da yine kullanicilarin doga ile gorsel baglanti kurmasinm
saglamaktadir. Gezi alanlarina paralel bir sekilde kiy1 seridi boyunca devam eden denizin ve kiyiya vuran
dalgalarin sesi dogayla gorsel olmayan baglantinin kurulmasini saglayan unsurlardir. Gezi alanlarinda yer alan
agaclar ve calilarin yapraklarmin riizgar esintisiyle hareketi, denizdeki dalga hareketleri de yine ritmik
olmayan duyusal uyaranlarn varligin1 géstermektedir. Gezi alanlarindaki kullanicilarin hareketleri, bisiklet ve
kosu yolunda hareket halinde bulunan bisiklet, elektrikli scooter, ginger, vb. mekanik nesnelerin ¢ikardigi
sesler ile yakindaki ara¢ yolundan kaynakli trafik giiriiltiisii doga ile olan baglantiya zaman zaman zarar
vermektedir. Gezi alanlarinin denize paralel halde ve kiy1 seridi boyunca devam etmesi, farkli doku ve
formdaki bitkilerin varligi ile hava sicakligi ve bagil nemdeki degisikler termal sistem ve hava akisi
degiskenligi saglanmaktadir. Gezi alanlarinin denize ¢ok yakin mesafede ve kiy1 boyunca devam etmesi gezinti
yapanlar i¢cin hem manzara seyri hem de suyun varligindan kaynakli duyusal uyaranlar nedeniyle 6zeldir.
Kullanicilar, gezi alanlarinda yer alan yesil alanlarin ve sert zeminlerin {izerinde, agac¢larin altindaki golgelik
ve aciklik alanlarda daginik ve dinamik 15181 tecriibe etmektedir. Dolayisi ile gezi alanlarindaki dinamik ve
dagmik 151k yeterli diizeyde degerlendirilmistir. Kullanicilar, caligsma alani igerisindeki gezi alanlari boyunca
bitki tiirlerinin mevsimsel ve zamansal degisimlerini ve gecislerini gbzlemleme imkani da bulabilmektedir.
Ayrica gezi alanlariin denize ¢ok yakin konumda olmasindan 6tiirii deniz, kum ve dogal tas ve malzemeler
vasitasiyla dogal sistemlerle baglanti artmaktadir.

Kent parklarindaki gezi alanlarinda dogadan esinlenerek tasarlanmis donati elemanlar1 bulunmaktadir. Alan
igerisinde kocanli findik heykel ve figiirleri, denizin igindeki balik ve hareketlerinden esinlenilmis kentsel
motif ve objeler, yine dogadan esinlenerek tasarlanmis salyangoz ve midye kabuguna benzetilmis kentsel
objeler, findik tasiyan sincap heykelleri gibi doga ile uyumlu biyomorfik form, nesne ve desenlere rastlamak
mimkiindiir. Gezi alanlarinda islenmis halde dogal tas ve ahsap malzemeler kullanilmigtir. Dogal taglardan
imal edilmis duvarlar ve zemin kaplamalari, gezinti alanlarinin zeminlerinde kullanilan ahsap zemin
kaplamalar1 ve dogadan esinlenerek tasarlanmis goriintii perdeleri ve objelerle gezi alanlarinda doga ile maddi
baglant1 saglanmistir. Gezi alanlar igerisindeki tiim mekanlarin hiyerarsik bir diizende oldugu sdylenemez.
Cilinkii birgogu daha sonradan gezi alanlaria eklenen materyaller ve donati elemanlaridir. Bu nedenle yapilan
tasarimlar ile karmasiklik ve diizen ilkesi kismen saglanmustir.

Kent Parklarindaki biitiin gezi alanlari engelsiz goriis alanina sahip olup, olasilik/manzara degeri ylksek
potansiyele sahiptir. Caligma alani i¢erisinde bulunan gezi alanlar1 kullanicilarin yogun kullandigi alanlar olup,
siginak ve korunma alanlar1 icermemektedir. Gezi alanlar1 boyunca gézlemlenen farkli yiikseklikteki ve
biyofilik formdaki donati elemanlar1 kullanicilarda merak ve gizem uyandirmaktadir. Calisma alanindaki gezi
alanlar1 bir taraftan bisiklet yolu ve karayoluna, bir taraftan da denize paralel olarak kiy1 seridi boyunca devam
etmektedir. Yeterli diizeyde gilivenlik Onlemleri alinmadigi icin risk/tehlike ilkesi kapsaminda tehlike
olusturabilecek durumlar olasiliklidir (Tablo 4).
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Tablo 4
Gezi alanlarinda biyofilik tasarim parametreleri degerlendirmesi
o Do,.ga ile Ritmik Termal ve L Dogal
Doga ile gorsel gorsel olmayan h a S L Dinamik ve isterler
Mekandaki baglanti olmayan duyusal dee'l‘i/iz;nl?ii UVAEL  Jaginik 1sik S'E;q;gle
doga baglantt uyaranlar giskeniis £
** ** ** ** ** ** *%*

Dogal Biyomorfik formlar ve desenler Doga ile maddi baglanti Karmagiklik ve diizen
analojiler *x *x *
Mekamn Olasilik/Manzara Siinak Gizem Risk/Tehlike
dOgaSl ** * ** *

(**: Saglamakta, *: Kismen saglamakta)

3.7. Acik Yesil Alanlar

Caligsma alanlar1 denize ¢ok yakin olup, hem deniz hem de doga manzarasina hakimdir. A¢ik-yesil alanlarda
cesitli tir ve formdaki zengin bitki varligi ve bu bitkilerin goriinlimlerinin mevsimsel olarak farklilik
gostermesi, buna ilaveten gesitli rekreasyonel alan kullanimlari ve bu kullanimlar arasinda olusturulan bitkisel
gecisler de kullanicilarin doga ile gorsel baglantt kurmasini saglamaktadir. Ayrica yesil alanlar icerisinde
siklikla rastlanan budanmis hayvan figiirleri ve heykel formundaki sanatsal 6geler de doga ile gorsel baglanti
kurulmasini saglayan unsurlardir. Calisma alani igerisinde kullanicilarin dogayla gorsel olmayan baglantinin
saglanabilmesi i¢in gerekli olan ¢ok sayida duyusal uyaranlar mevcuttur. Acik-yesil alanlarin denize oldukca
yakin olmasi sebebiyle denizin ve kiyiya vuran dalgalarin ¢ikardigi sesler, yesil alanlarda gezinen hayvan
sesleri, esinti nedeniyle hareket eden mevcut agaclarin ve yapraklarin sesleri gibi duyusal uyaranlar
kullanicilarin dogayla gorsel olmayan baglanti kurmasini saglayan unsurlardir. Yesil alanlardaki mevcut
bitkisel uygulamalarmn icerdigi agaclar ve ¢alilarin yapraklarinin esintiyle hareket etmesi ve denizdeki dalga
hareketleri yine ritmik olmayan duyusal uyaranlarin varligini géstermektedir. Ancak, agik-yesil alanlarindaki
kullanicilarin hareketleri, yesil alanlarin ¢ok yakininda bulunan bisiklet ve kosu yolunda hareket halinde
bulunan bisiklet, elektrikli scooter, ginger, vb. mekanik nesnelerin ¢ikardigi sesler doga ile bagi olumsuz
etkilemektedir. Agik-yesil alanlardaki hava akimlar1 ve termal degiskenlik sahil bandindaki yapilasma ve
kismen yiiksek katli binalarca olumsuz etkilense de, yogun yesil doku ve farkli dokular olusturan plantasyon
ve yesil agikliklar tarafindan olumlu etki kazanmaktadir. Ayrica alan igerisinde bulunan agik-yesil alanlarda
dogal ve yapay su ylizeylerinin ¢evresi ve bitkilerle olusturulan goélgelikli oturma alanlari termal agidan
mikroklimatik ortam saglamaktadir. Ac¢ik-yesil alanlarda dogal ve yapay su 6geleri mevcuttur. Alani kullanan
bireyler suyun hem isitsel, hem goérsel ve duyusal hem de dokunsal 6zelliginden faydalanabilmektedir. Bu
alanlarin tasarimlarinda segilen bitkisel materyaller de dogal alan algis1 yaratmaktadir. Bu nedenle galisma
alan1 suyun varligi bakimindan yeterlidir. Acik-yesil alanlardaki dinamik ve daginik 1s1k varligi tasariminin
baglangicinda diisiiniilmesi gereken bir konu oldugundan 1s1k faktorii sadece yetigsmis agaglarin olusturdugu
aciklik ve golgelik alanlarda mevcuttur. Bu nedenle ¢alisma alani 1s1k varligi bakimindan yetersizdir. Caligma
alaninda dogal sitemlerle baglantinin kriteri olan dogal siireclerin, 6zellikle saglikli bir ekosistemin 6zelligi
olan mevsimsel ve zamansal degisikliklerin ve gegislerin farkindaligiyla se¢ilen uyumlu bitki tiirleriyle, ayrica
deniz kiyisina yakin konumda olduklarindan deniz, kum, dogal tas gibi malzemelerle saglanmustir.

Ordu kent parklarindaki agik-yesil alanlar, dogal analojiler baglaminda 3 kriter kapsaminda degerlendirilmis
olup, bu kriterlerden ilki olan biyomorfik formlar ve desenler bakimindan olduk¢a zengindir. Alan igerinde
dogadan esinlenerek tasarlanmis biyomorfik bi¢cim ve dokulara rastlamak miimkiindiir. Bitkilerin
budanmasiyla olusturulan hayvan figiileri ve formlar1 dogayla entegrasyonu saglamaktadir. Acik-yesil
alanlarda dogayla malzeme baglantist saglanmistir. Agik-yesil alanlarda Ozellikle bitkisel tasarimlarin
cevresinde bulunan c¢it uygulamalarinda kullanilan dogal ahsap malzemelerle yaratilan mekanlar One
cikmaktadir. Ayrica zemin kaplamalarinda dogal veya dogala yakin malzemeler kullanilmis olmasi da doga
ile maddi baglantinin saglandigini gostermektedir. Agik-yesil alanlar i¢erisindeki tiim mekanlarin hiyerarsik
bir diizende oldugu sdylenemez. Ciinkii birgogu sonradan alanda uygulamasi yapilmis farkli form ve dokudaki
bitkisel materyaller ve donat1 elemanlaridir. Bu nedenle yapilan tasarimlar ile karmasiklik ve diizen ilkesi
kismen saglanmustir.

903



Journal of Advanced Research in Natural and Applied Sciences 2023, Cilt 9, Say: 4, Sayfa: 893-911

Kent Parklarindaki acik-yesil alanlar engelsiz goriis alanina sahip olup, olasilik/manzara degeri yiiksek bir
potansiyele sahiptir. Caligma alani1 igerisinde bulunan agik-yesil alanlarda bitkisel uygulamalardaki gecisler ve
cesitlilik nedeniyle kullanicilar agisindan siginak ve korunma alanlar1 icermektedir. A¢ik-yesil alanlarda sikca
gozlemlenen farkli yiikseklikteki ve biyofilik formdaki bitkisel elemanlar kullanicilarda merak ve gizem
uyandirmaktadir Caligma alanindaki agik-yesil alanlarda risk/tehlike ilkesi kapsaminda tehlike olusturabilecek
unsurlar bulunmamaktadir (Tablo 5).

Tablo 5
Acik-yesil alanlarda biyofilik tasarim parametreleri degerlendirmesi
. Do,.ga ile Ritmik Termal ve L Dogal
~ Dogaile gorsel gorsel olmayan hava akiss Su varhs: Dinamik ve sisterlerle
Mekandaki baglant1 olmayan duyusal d “‘i/ K nl?'i U vartig daginik 151k baslant:
doga baglantt uyaranlar celykentis £
** ** ** ** ** * *%*

Dogal Biyomorfik formlar ve desenler Doga ile maddi baglanti Karmagiklik ve diizen
analojiler *x *% *
Mekamn Olasilik/Manzara Siginak Gizem Risk/Tehlike
dOgaSl ** ** **x **

(**: Saglamakta, *: Kismen saglamakta)

3.8. Spor Alanlari

Kent parklarinda spor alanlarinin kurgulandigi alanlarin ¢evresinde bulunan yogun yesil alan olusumlari,
doga ve deniz manzaralari gibi dogal peyzaj gériiniimlerinin birlikte kullaniminin saglanmasi ile kullanicilarin
doga ile gorsel baglanti kurmasina sebep olan ¢ok sayida dogal alan algist vardir. Mevsimsel degisikligiyle
farkli manzaralar sunan bitkilerin varligi, alanda hakim olan deniz ve Boztepe manzarasi gibi unsurlar spor
alanlarinda doga ile gorsel baglanti kurulmasini saglayan unsurlardir. Alanda bireylerin dogayla gorsel
olmayan baglantinin kurulmasini saglayan duyusal uyaranlar ¢okcadir. Alanin yakinindaki dogal su 6gesi olan
denizin dalgalanmasi ile olusan sesler, kokulu ve dokulu bitki varligi, kus sesleri, yapraklarin riizgar ile
cikardig1 sesler gibi uyaranlar ile doga ile gorsel olmayan baglantiy1 saglanmaktadir. Alanin gevresinde
bulunan aga¢ ve calilarin riizgar esintiyle hareket etmesi ritmik olmayan duyusal uyaranlarin varligini
gostermektedir. Ancak, spor alanlarindaki spor ve yiiriiyiis yapan kullanicilarin hareketi, spor alanindaki
mekanik nesnelerin (bisiklet, elektrikli scooter ve ginger, v.b) sesleri zaman zaman dogal uyaranlarin 6niine
gecmektedir. Spor alanlarinin denize yakin mesafede olmasi suyun varligini gérsel, duyusal ve dokunsal olarak
artirmaktadir. Alandaki 151k gblge oyunlar ile dogada meydana gelen aydinlatma kosullar1 bakimindan
eksiklikler tespit edilmis olup, dinamik ve daginik 151k yetersizdir. Kullanicilar ¢alisma alani igerisinde hareket
halindeyken mevsimsel degisimleri ve gecisleri gozlemleme imkani bulabilmekte ve dolayisi ile dogal
sistemlerle baglant1 kurabilmektedir.

Calisma alani igeriSinde bulunan spor alanlar1 dogadan esinlenerek tasarlanmis materyal ve yiizey desenleri
bakimindan yetersiz olup, biyofilik form ve desen bakimindan da yetersizdir. Spor alanlarinda yaratici
ortamlar1 gelistirmek adina renk secimi yapilmis olsa da, zeminlerinde kullanilan malzemelerin bir kismi
kauguk, bir kismi ise renkli asfalt olusu nedeni ile dogayla maddi baglanti tam olarak saglanamamistir. Spor
alanlar1 hiyerarsik bir diizen igerisinde olup, mekanlar karmagiklik ve diizen ilkesi iginde tasarlanmugtir.

Kent parklar1 igerisinde bulunan spor alanlarinin bulundugu tiim noktalar engelsiz goriis alanma sahip olup,
olasilik/manzara degeri yiiksek bir potansiyele sahiptir. Kent parklari igerisinde bulunan spor alanlari,
bireylerin yogun olarak kullandigi alanlardir. Bununla birlikte siginak ve korunma alanlar1 igermemektedir.
Calisma alani, farkl ylikseklikte ve biyofilik formda grup elemanlar icermediginden kullanicilarda merak ve
gizem uyandiran unsurlar olusturmamaktadir. Park igerisindeki spor ve yliriiyiis alanlarinda 6zellikle yaya ve
ara¢ yoluna paralel ve yol boyunca devam eden bisiklet ve kosu yollarinda yaya-ara¢ ¢atismasi olugma riski
yiiksektir. Dolayisiyla risk/tehlike ilkesi kapsaminda tehlike olusturabilecek kullanimlar tespit edilmigtir
(Tablo 6).
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Tablo 6
Spor alanlarinda biyofilik tasarim parametreleri degerlendirmesi
o Do,.ga ile Ritmik Termal ve L Dogal
Doga ile gorsel gorsel olmayan h a S L Dinamik ve isterler
Mekandaki baglanti olmayan duyusal dee'l‘i/iz;nl?ii UVAEL  Jaginik 1sik S'E;q;gle
doga baglantt uyaranlar giskeniis £
** ** ** ** ** * *%*

Dogal Biyomorfik formlar ve desenler Doga ile maddi baglanti Karmagiklik ve diizen
analojiler * * **
Mekamn Olasilik/Manzara Siinak Gizem Risk/Tehlike
dogas *% * * *

(**: Saglamakta, *: Kismen saglamakta)

3.9. Alisveris Alanlan

Alisveris tnitelerinin, ¢evresindeki oturma birimlerinin ve oturma basamaklarinin mekan tasarimlarimin
deniz kiyisinda olmasi deniz, tepe ve doga manzaralarina hakim olmay1 saglamaktadir. Bu da kullanicilara
oturur pozisyonda iken manzara seyir imkani sunmaktadir. Ayrica mevsimsel olarak farkli manzaralar sunan
bitkisel tasarimlarin varligi ile kullanicilarin doga ile gorsel baglant1 kurmasi saglanmaktadir. Dogayla gorsel
olmayan baglant1 baglaminda, ¢alisma alanina ¢ok yakin olan denizin ve kiytya vuran dalgalarin sesi, denizin
kokusu, aligveris alanlarmin etrafinda gezinen hayvan sesleri, etraftaki mevcut agaglarin, calilarin ve
yapraklarin sesleri gibi duyusal uyaranlar dogayla gorsel olmayan baglantinin kurulmasini saglamaktadir.
Caligma alani igerisinde bulunan alisveris alanlarindaki kullanici hareketleri, aligveris alanlarina ¢ok yakin ve
paralelinde devam eden bisiklet ve kosu yolunda hareket halinde bulunan bisiklet, elektrikli scooter, ginger
vb. nesnelerin sesleri, vapur ve gezinti teknelerinin ¢ikardigi sesler doga ile iletisimde kopma saglamaktadir.
Ancak, alanin ¢evresinde bulunan agagclar, ¢igekler, ¢alilar ve ¢imlerin esintiyle hareket etmesi, denizdeki dalga
hareketleri dogaya dair ritmik olmayan duyusal uyaranlardir. Calisma alanindaki aligveris alanlarinin denize
yakin noktalarda kurgulanmis olmasi ve etrafindaki farkli doku ve formdaki bitkilerin varligi ile hava sicaklig
ve bagil nemdeki degisikler termal ve hava akisi degiskenligi saglamaktadir. Aligveris iinitelerinin kapali
mekanlar olmasi nedeniyle ancak agik durumda iken dogal hava akimi saglanmaktadir. Ayrica ¢alisma alani
icerisinde bulunan aligveris alanlarindaki golgelikli oturma birimleri ile agilir-kapanir iist 6rtii elemanlar1 da
mikroklimatik ortamlar olusturmaktadir. Aligveris alanlarinin deniz kiyisinda olmasi hem manzara seyri
nedeni ile fazla tercih yaratmakta hem de suyun varliginin duyusal etkisini artirmaktadir. Aligveris alanlarin
cevreleyen gezinti ve oturma alanlarinin etrafinda, agaglarin altindaki golgelik ve aciklik alanlarda daginik ve
dinamik 151k tecriibe edilebilmekte olup, dogada meydana gelen aydinlatma kosullari taklit edilmistir. Aligveris
alanlarindaki dinamik ve daginik 1s1k ise yeterli diizeydedir. Kullanicilar, ¢aligma alan1 igerisindeki aligveris
alanlarindaki bitki tiirlerinin mevsimsel degisimlerini ve gegislerini gézlemleme imkani bulabilmektedir.
Ahsap tnitelerin gevresinde ortam olusturmak igin renkli ve ahsap basamakli bir amfi tasarlanmistir. Dogal
malzeme se¢imlerine dikkat edilerek, deniz, kum ve dogal taslar ile kullanici temas imkani bulabilmekte ve
dolayist ile dogal sistemlerle baglanti kurabilmektedir.

Kent parklarindaki aligveris alanlarmin yakinlarinda dogadan esinlenerek tasarlanmig oturma-dinlenme
elemanlar1 ve kent mobilyalar1 bulunmaktadir. Ayrica tinitelerin yakinlarindaki bitkisel tasarimlarda doga ile
uyumlu biyomorfik form ve desenlere rastlamak miimkiindiir. Aligveris alanlarinda islenmis halde dogal tas
ve ahsap malzemeler kullanilmig, zeminlerinde kiip granit ve dogal tas deseni uygulamalar1 gibi dogal
malzemeler veya doga ile uyumlu malzemelere yer verilmistir. Bu nedenle doga ile maddi baglanti
saglanmistir. Aligveris alanlar1 igerisinde tiim mekanlar hiyerarsik bir diizende olup, karmasiklik ve diizen
ilkesi i¢inde tasarlanmustir.

Kent Parklarindaki tiim aligveris alanlar1 ve de bunlarin konumlandirildig: tiim noktalar engelsiz goriis alanina
sahip olup, olasilik/manzara degeri yiiksek potansiyele sahiptir. Calisma alan1 icerisinde bulunan aligveris
alanlari, kullanicilarin yogun kullandigi alanlardir. Alanda daha ¢ok kullanicilarin diger bireylerle birlikte
zaman gegirebilecegi yar1 kapali oturma ve {istii agik oturma birimleri mevcuttur. Yakininda tasarlanan bitkisel
uygulamalardaki gecisler ve cesitlilik nedeniyle kullanicilar agisindan kismen siginak ve korunma alanlart
igermektedir. Calisma alani igerisinde farkli yiikseklikteki donati elemanlar1 kullanicilarda merak ve gizem
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uyandirmaktadir. Park igerisindeki oturma alanlarinda risk/tehlike ilkesi kapsaminda tehlike olusturabilecek
kullanimlar tespit edilmemistir (Tablo 7).

Tablo 7
Aligveris alanlarinda biyofilik tasarim parametreleri degerlendirmesi
o Do,.ga ile Ritmik Termal ve Lo Dogal
~ Dogaile gorsel gorsel olmayan hava akiss Su varhs: Dinamik ve sisterlerle
Mekandaki baglant1 olmayan duyusal 4 av K l§“' U variig daginik 151k baslant
doga baglantt uyaranlar ceIskeniigl aglant
** ** ** *%* *%* ** *%*

Dogal Biyomorfik formlar ve desenler Doga ile maddi baglanti Karmagiklik ve diizen
analojiler *x *% falad
Mekamn Olasilik/Manzara Siginak Gizem Risk/Tehlike
dogaSl ** **x **x **

(**: Saglamakta, *: Kismen saglamakta)

3.10. Eglence Alanlar

Kent parklarinda bulunan eglence alanlarinin etrafinda bulunan yogun yesil alan olusumlari nedeni ile
kullanicilarin doga ile gorsel baglanti kurmasina sebep olan ¢ok sayida dogal alan algis1 vardir. Yesil alanlar
igerisinde ahsap ¢it ile ¢evrilmis, granit platform iizerinde, zeminde dolamit tas iizerine kurgulanmis hayvan
figiirleri, ¢im alan igerisinde esegine ters binen masal kahramani1 Nasrettin Hoca heykeli ve masal dinletisi,
mevsim degisikligiyle farkli manzaralar sunan bitkisel alan varligi, alanda hakim olan deniz, doga ve boztepe
manzaralar1 gibi unsurlar bireylerin doga ile gorsel baglanti kurulmasim saglayan unsurlardir. Eglence
alanlariin denize yakin olmasi nedeniyle deniz dalgalarinin sesi, etraftaki kokulu ve dokulu bitki varligi, kus
ve serbest halde dolasan hayvan sesleri gibi uyaranlar doga ile gorsel olmayan baglantiyr saglamaktadir.
Eglence alanlarindaki bireylerin yogunlugu ve hareketleriyle olusan sesler, kaykay alam1 ve su parkinda
cocuklarin ve mekanik aletlerin sesleri, ters evi ziyaret edenlerden 6tiirii kullanic1 hareketi ve yogunluga bagh
olusan sesler doga uayaranlarini ¢cogu zaman baskilamaktadir. Alanin ¢evresinde bulunan agac ve calilarin
riizgar etkisi ile hareketleri ritmik olmayan duyusal uyaranlardir. Eglence alanlarinin kiy1 kesiminde denize
yakin noktalarda kurgulanmasi ve etrafindaki farkli doku ve formdaki bitkilerin varlig1 ile hava sicaklig1 ve
bagil nemdeki degisikler termal ve hava akisi degiskenligi saglamaktadir. Eglence alanlarinin denize ¢ok yakin
olmasi nedeniyle su varlig1 gorsel, duyusal ve dokunsal olarak saglanmaktadir. Ayrica alandaki su parki,
cocuklar icin suyu cesitli etkinlikler yaparak kullanma ve eglenceli vakit gecirme imkani sunmaktadir.
Kullanicilar, eglence alanlarinin etrafindaki yesil alanlar ve sert zeminlerde 151k gdlge oyunlar1 ve agaglarin
altindaki golgelik ve agiklik alanlarda daginik ve dinamik 15181 tecriibe etmektedir. Gezi alanlarindaki dinamik
ve daginik 1s1k yeterli diizeydedir. Kullanicilar, ¢alisma alani i¢erisindeki eglence alanlar1 ve ¢evresindeki bitki
tiirlerinin mevsimler ve zamansal degisimlerini ve gegislerini gdzlemleme imkéani bulabilmekte; ayrica deniz
kiyisina yakin konumda olduklarindan deniz ve dogayla, dolayisi ile dogal sistemlerle baglanti
kurabilmektedirler.

Eglence alanlarinda dogay1 taklit ederek tasarlanmig materyaller bulunmaktadir. Alan icerisinde deniz dalgasi
formunda malzemeler, yunus baligindan esinlenerek tasarlamis deniz bisikletleri, driimcek agina benzetilen
ipli tirmanma platformlar1 ve alanlarin gevresindeki budanmus bitkisel form ve bigimler ile su parkindaki bitki
formu oyun aletleri doga ile uyumlu biyomorfik form ve desenlerdir. Su parkinda materyal ve renk segimleriyle
biyomorfik dokuyu gelistirmek i¢in ahsap ve dogal tas tercih edilmistir. Eglence alanlarinda mekanlar
hiyerarsik bir diizen igerisinde olup, tiim mekanlar karmagiklik ve diizen ilkesi i¢inde tasarlanmistir.

Eglence alanlarinin konumlandirildigi tim noktalar, engelsiz goriis alanina sahip olup, olasilik/manzara degeri
yiiksek potansiyele sahiptir. Kent parklari i¢erisinde bulunan eglence alanlar1 rekreasyonel agidan bireylerin
yogun kullandigr alanlardir. Siginak ve korunma alanlart icermemektedir. Calisma alanmi igerisinde farkh
yiikseklikteki ve biyomorfik formdaki grup elemanlari kullanicilarda merak ve gizem uyandirmaktadir. Park
icerisindeki eglence alanlarinda 6zellikle de kaykay, su parki ve ip tirmanma gibi mekanlarda risk/tehlike ilkesi
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kapsaminda 3-6 yas kullanicilar agisindan tehlike olusturabilecek kullanimlar oldugu tespit edilmistir (Tablo
8).

Tablo 8
Eglence alanlarinda biyofilik tasarim parametreleri degerlendirmesi
o Do,.ga ile Ritmik Termal ve Lo Dogal
~ Dogaile gorsel gorsel olmayan hava akiss Su varhs: Dinamik ve sisterlerle
Mekandaki baglant1 olmayan duyusal de "i/ kenl?“i U vartig daginik 151k baslant:
doga baglantt uyaranlar giskeniis £
** ** ** *%* *%* ** *%*

Dogal Biyomorfik formlar ve desenler Doga ile maddi baglanti Karmagiklik ve diizen
analojiler *x *x **
Mekamn Olasilik/Manzara Siinak Gizem Risk/Tehlike
dOgaSl ** * **x *

(**: Saglamakta, *: Kismen saglamakta)

3.11. Ulasim ve Otoparklar

Otopark alanlariin kiy1 seridinde ve denize ¢ok yakin mesafede olusu nedeniyle ara¢ kullanirken ve park
esnasinda deniz ve doga manzara seyir noktalari ile sik¢a kargilagilmaktadir. Ulasim giizergahlar1 ve otopark
alanlarinin bir tarafinda karayolu diger tarafinda ise kiy1 seridi boyunca devam etmesi hem denizin ve kiyrya
vuran dalgalarinin sesi hem de ara¢ yolundan kaynakli trafik giiriiltiisii bu alanlarda dogayla gorsel olmayan
baglantinin kurulmasini etkileyen unsurlardir. Otopark ve ulasim alanlarinin denize paralel halde ve kiy1 seridi
boyunca konumlandirilmasi, yakinindaki farkli doku ve formdaki bitkilerin varlig: ile hava sicakligi ve bagil
nemdeki degisikler termal degiskenlikler getirmektedir. Caligma alani igerisinde bulunan kapali iiniteler ve
yakinlarindaki sosyal tesisler de yine termal agidan mikroklimatik ortamlardir. Alandaki dinamik ve daginik
151k yeterli diizeydedir. Kullanicilar, ¢alisma alani igerisindeki gezi alanlar1 boyunca bitki tiirlerinin mevsimsel
ve zamansal degisimlerini ve gecislerini gozlemleme imkani1 bulabilmekte, fakat dogal sistemlerle kismen
baglant1 kurabilmektedirler.

Kent parklarindaki ulasim ve otopark alanlarinda dogadan esinlenerek tasarlanmis veya doga ile uyumlu
biyomorfik form ve desenlere kismen rastlanmaktadir. Calisma alanlarinda dogal malzemeler sinirh sayida
oldugundan doga ile maddi baglant1 kismen saglanmistir. Otopark ve ulagim alanlar1 igerisindeki tiim mekanlar
hiyerarsik bir diizen i¢erisindedir, dolayistyla bu alanlar karmagiklik ve diizen ilkesini saglamaktadir.

Kent parklari i¢erisinde bulunan otopark ve ulagim alanlar1 engelsiz goriis alanina sahip olup, olasilik/manzara
degeri yiiksek potansiyeldedir. Siginak ve korunma alanlari mevcut degildir. Otopark ve ulagim alanlarinda
kullanicilarda merak ve gizem uyandiran mekanlara kismen rastlandigi goriilmiistiir. Calisma alanindaki
ulasim ve otopark alanlar1 trafik ve ara¢ yogunlugunun fazla oldugu alanlar oldugundan risk/tehlike ilkesi
kapsaminda tehlike olusturabilecek durumlara sik¢a rastlanmaktadir (Tablo 9).

Tablo 9
Ulasim ve otoparklarda biyofilik tasarim parametreleri degerlendirmesi
[P Do..ga ile Ritmik Termal ve . . Dogal
) Doga ile gorsel gorsel olmayan hava akisi Su varlié: Dinamik ve sistemlerle
Mekandaki baglanti olmayan duyusal de V;/ ken1i$“i U vartig daginik 151k baslant:
doga baglant: uyaranlar giskentiis £
*%* **x **% ** * ** *

Dogal Biyomorfik formlar ve desenler Doga ile maddi baglanti Karmagiklik ve diizen
analojiler * * falad
Mekanm Olasilik/Manzara Siginak Gizem Risk/Tehlike
dogas *% * * *

(**: Saglamakta, *: Kismen saglamakta)
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3.12. Toren ve Anit Alanlari

Mevsimsel degisimlerle farkli manzaralar sunan bitki varligi, deniz ve boztepe manzarasi gibi unsurlar,
bireylerin doga ile gorsel baglant1 kurmasini saglamaktadir. Alanda bireylerin dogayla gérsel olmayan baglanti
kurmasini saglayan duyusal uyaranlar da mevcuttur. Anit ve téren alanlarinin denize yakin olmasi ile denizin
dalgalarinin sesi, alandaki fiskiyeli siis havuzu, kus crviltilari, diger hayvan sesleri ve kokulu bitkiler, esinti
nedeniyle hareket eden mevcut agaclarin ve yapraklarin sesleri gibi duyusal uyaranlar kullanicilarin dogayla
gorsel olmayan baglantt kurmasini saglayan unsurlardir. Téren ve anit alanlarinin kent parklarinin iginde
konumlandirilmasindan o&tiirii buradaki kullanici yogunluguyla olusan sesler, Atatiirk Parki’nda bulunan
teleferik istasyonu ve Tayfun Giirsoy Parki’nda spor ve cocuk oyun alanlarmma yakinliktan kaynakli
kullanicilarin ve mekanik aletlerin ¢ikardigi sesler, alandaki fiskiyeli siis havuzu ritmik olmayan duyusal
uyaranlar1 etkilemektedir. Toren ve anit alanlarina yakin mesafede olan deniz ve alandaki siis havuzu gorsel,
duyusal ve dokunsal olarak suya erisimi miimkiin kilar. Alandaki dinamik ve daginik 1s1k sadece yetismis
agaclarin olusturdugu agiklik-gblgelik alanlarda mevcuttur. Bu nedenle calisma alani, dinamik-daginik 151k
varlig1 bakimindan yetersizdir.

Anit ve toren alanlarinda zemin dosemesi olarak dogal tas tercih edilmistir. Calisma alanlari icerisindeki tim
mekanlar hiyerarsik bir diizen icerisinde olup, mekanlar karmagiklik ve diizen ilkesi iginde tasarlanmistir.

Toren ve anit alanlarinin konumlandirildigi tiim noktalar engelsiz goriis alanina sahip olup, olasilik/manzara
degeri yiiksektir. Bitkisel tasarim uygulamasindaki gegisler ve gesitlilik kullanicilar agisindan korunma tesis
eder. Park igerisindeki toren ve amit alanlarinda risk/tehlike ilkesi kapsaminda tehlike olusturabilecek
kullanimlar tespit edilmemistir (Tablo 10).

Tablo 10
Toren ve anit alanlarinda biyofilik tasarim parametreleri degerlendirmesi
o Do.ga ile Ritmik Termal ve Lo Dogal
~ Dogaile gorsel gorsel olmayan hava akisi Su varhs Dinamik ve sistemlerle
Mekandaki baglantt olmayan duyusal desisk 1?,. €' daginik 151k baslant
doga baglant: uyaranlar cetyrentigl aglantt
** ** ** ** ** * **

Dogal Biyomorfik formlar ve desenler Doga ile maddi baglanti Karmagiklik ve diizen
analojiler * ** *x
Mekanm Olasilik/Manzara Siginak Gizem Risk/Tehlike
dogasi *%k *% *% *%

(**: Saglamakta, *: Kismen saglamakta)

4. Sonuclar

Calismanin yiiriitiildiigii dort sahil parkinda yer alan 9 farkli fonksiyon 14 biyofilik tasarim parametresi
bazinda degerlendirilmistir. Bu bulgular 1s1ginda sahil parklari 6nemli 6l¢iide biyofilik tasarim parametrelerini
saglamaktadir. Bu sonu¢ kent merkezinde yer alan, yiiksek kullanim yogunluguna sahip, kent baskisi altinda,
kentin dezavantajlarinin yogun sekilde yasandigi lokasyonda, deniz kiyisinda olmasi nedeniyle kentin en
gbzde alani olan ve bu nedenle de artan kentli ihtiya¢ ve beklentilerinin odagindaki parklar i¢in oldukga
onemlidir. Caligma alanlarinda yer alan fonksiyon guruplari, biyofilik tasarimin ana parametreleri bakimdan
incelendiginde “Alis veris alanlar’”nin en yiiksek toplam puani aldig1 goriilmiistiir. Bununla birlikte en diisiik
puan1 “Ulagim ve otoparklar” toplamistir. Fonksiyon guruplarindan alinan toplam puanlar bazinda biyofilik
tasarim ana parametreleri olan “Mekandaki doga” 126 iizerinden 120 puanla en yiiksek uyumu ortaya
koymustur. Bununla birlikte “Dogal analojiler” 54’de 45, “Mekanin dogas1” ise 72’de 60 puan toplamistir
(Tablo 11).
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Tablo 11
Fonksiyon alanlarinin biyofilik tasarim ana parametrelerine gore puanlari

=] =] o ] [

S =sg E »8 § 5 28 E% = & J
Parametreler = ESE JE ¥S 5 2 & Zgo 8.t 0Q

25 2§ o8 o8 g8 S8 wWmeE =2 B 5 O °

Os 0O0s O <® H's €& M<T DS H=Ha&% >
Mekandaki doga (14p) 13 14 14 13 13 14 14 12 13 120/126 95
Dogal
Analojiler (6p) 6 4 5 5 4 6 6 4 5 45/54 83
Mekanin dogasi (8p) 7 7 6 8 5 8 6 5 8 60/72 83
Puan (28p) 26 25 25 26 22 28 26 21 26 225/252 89

Parklar, biyofilik tasarim alt parametrelerine gore degerlendirildiginde ise; “Mekandaki doga” ana
parametresinin alt parametreleri olan “Doga ile gorsel baglant1”, “Doga ile gorsel olmayan baglant1”, “Ritmik
olmayan duyusal uyaranlar” ve “Termal ve hava akigi degiskenligi” tam puan alarak, sartlar1 saglamaktadir.
Ayrica, “Mekanin dogas1” ana parametresinin alt parametresi olan “Olasilik/manzara” parametresi de tam puan
almistir. Bu kapsamda en diisiik puani ise “Siginak” alt parametresi almigtir (Tablo 12).

Tablo 12
Kent parklarinin biyofilik tasarim alt parametrelerine gore toplam puanlari
Dogaiile Doég}z:el}e oFI{rlrf;n I:n Termal ve Dinamik ve Dogal
Mekandaki doga gorsel & Y hava akist Su varligt y sistemlerle
o olmayan duyusal <. e daginik 151k 9
baglanti o degiskenligi baglanti
baglant1 uyaranlar
Puan 18 18 18 18 17 14 17
Dogal analojiler  Biyomorfik formlar ve desenler Doga ile maddi baglanti Karmagiklik ve diizen
Puan 14 15 16
Mekanin dogast Olasilik/Manzara Siginak Gizem Risk/Tehlike
Puan 18 12 16 14

Sahil parklar1 biyofilik tasarim ilkeleri bakimimdan olduk¢a olumlu sonuglar vermis olsa da, zayif veya eksik
kalan ilkelerin saglanmasi parklarin olusturdugu olumlu etkiyi artiracaktir. Her bakimdan doga ve dogal
ozellikler ile desteklenmis yasam alanlar1 birey ve toplum huzurunu temin ederek, kentli memnuniyetini
artiracaktir. Bu kapsamda parklar, 6zellikle diisiik puan alan “Risk/tehlike”, “Biyomorfik formlar ve desenler”
ve “Siginak” alt parametreleri acisindan desteklenmeli ve eksiklerin giderilmesi saglanmalidir. Bununla
birlikte; fonksiyon guruplarindan “Ulasim ve otoparklar” ile “Spor alanlar” “Dogal analojiler” ve “Mekanin
dogas1” ana parametrelerince gelistirilmelidir.

Bununla birlikte bazi araglarin kullanilmasi, kaynaklarin entegrasyonu ve yaklagimlarin degerlendirilmesi
mekanlarin biitiinciil bir sekilde biyofilik doniisiimleri ve karakterlerinin olusmasinda etkili olacaktir;

- Donatilarda dogal materyallerin kullanimi artirilmali

- Dogal form ve desenlerin kullanilmasina 6zen gosterilmeli

- Dogal 151k ve golgelere olanak saglanmali

- Dogal hava hareketlerine miisaade edilmeli

- Bitki ¢esitliligi ve alan1 artirilmali

- Canl gesitliligi ve hayvanlarin dahil olmasim saglayici 6nlemler alinmali
- Doga ile gorsel baglanti artirilmali, engel ve perdelemeler kaldiriimali

- Doga ile duyusal (kokular, goriintiiler, sesler, temas ve tadim) uyaranlar gelistirilmeli
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- Doganin ruhu ve felsefesi temel alinmali, yansitilmali

- Suvarlig, etkisi ve kullanimi desteklenmeli

- Kaynaklarin korunumu ve geri doniisiimii ilke edinilmeli

- Diizen ve sistem kurulurken doga referans olmali

- Doganin mekan olusturma, koruma ve giiven verme 6zelliklerinden faydalanilmali
- Gizemler barimdirmali

- Guvenli olmali, riskleri azaltmali

- Mekan deneyimini artirmali

- Biyobenzetim araclar1 degerlendirilmeli

- Dogal geometri, oran ve diizenler kullanilmali

Boylelikle kentsel fonksiyonlardan en uzun siireli, en yogun ve en ¢ok katilimciyla kullanilan otopark, ulasim
ve spor alanlar1 daha genis kitlelere, daha etkili bir sekilde hizmet verir duruma gelecektir. Ayrica kentsel
fonksiyonlar arasinda estetik 6zelligi en diisiik olan bu alanlarin estetik degerleri ve olumlu degerinin artmasi
da bu yolla saglanabilecektir. Yasam alanlarinin kalitesi, doga ve doganin ¢oézlimleri degerlendirilerek
miimkiin kilinir. Dogadan elde edilen kazanimlar birey ve kitlelerin yasam kalitesi iizerine dogrudan etki eder.
Bdylece hem yagam alanlarinin toplam memnuniyeti yiikselmis hem memnuniyette siireklilik saglanmig hem
de gelecege doniik olumlu gelismeler igin umut ve beklentilerin 6nii agilmis olacaktir.
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liposomes with conventional optical tweezers (without plasmonics) and determined the chemical differences between
empty and protein encapsulated liposomes with high accuracy using Raman spectroscopy.
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1. Introduction

Liposomes are microscopic vesicles enclosing a liquid inner chamber in one or more lipid bilayer layers
(lamella). These structures are biocompatible and biodegradable and do not produce an immune response
(Laouini et al., 2012). Although it consists of amphiphilic phospholipid molecules, different biomolecules
(functional group-linked phospholipid, cholesterol, cell membrane protein, etc.) are added to their structures,
such as bioactive substance (drug, vaccine, gene) transport systems. They are widely used in various fields,
including protein structure-function relationships and protein-lipid interactions (Laouini et al.,2012;
Zhang,2017). Efficiency and success in use areas depend on the liposome's structure and properties. The
structure and properties of liposomes vary significantly according to their molecular contents, sizes, number
of layers, charges, and the way they are formed (Alavi et al., 2017, Akbarzadeh et al., 2013). The diameters of
liposomes range from 20 nm to a few pm. They can be classified in to different classes due to their number of
layers, small-single-layer (20-100 nm), large-monolayer (>100 nm), very large-monolayer (>1000 nm), and
multilayer (> 500 nm). Using monolayer liposomes allows the entrapped molecules to be uniformly stored in
a single fluid compartment (Alavi et al., 2017). There are four different phospholipids commonly used in
liposome construction. These are PC: Phosphocholine, DPPC: 1,2-dipalmitoyl-sn-glycero-3-phosphocholine,
DMPC: 1,2-dimyristoyl-sn-glycero-3-phosphocholine, DLPC: 1,2-dilauroyl -sn-glycero-3-phosphocholine
can be listed as DOPC 1,2-dioleoyl-sn-glycero-3-phosphocholine. After G. Gregoriadis (Gregoriadis &
Ryman, 1971) proposed that liposomes for use as a drug delivery system, liposome studies advanced
technological developments in various fields, especially in mathematics, theoretical physics, biophysics,
chemistry, biochemistry, and biology disciplines. With the contribution of new methods and different fields,
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912


https://dergipark.org.tr/en/pub/jarnas/article/1284172
https://dergipark.org.tr/en/pub/comufbed
https://orcid.org/0000-0003-2355-4674

Journal of Advanced Research in Natural and Applied Sciences 2023, Cilt 9, Say: 4, Sayfa: 912-922

many developments such as remote drug loading, extrusion for homogeneous measurements, construction of
long-circulation liposomes, and the development of liposomes containing nucleic acid polymers and liposomes
containing drug combinations have emerged (Allen & Cullis, 2013) As they can also create model structures
for exosomes, liposomes have proven to be very useful in processes that are difficult to understand.

The method used in this study to examine liposomes is optical tweezers. Optical tweezers is a method that was
awarded the Nobel Prize in 2018 (Ashkin, 1997) and is based on the principle of momentum transfer to a
micrometer or nanometer-sized particles by tightly focusing laser beams with the help of high numerical
aperture lenses (Neuman & Block, 2004; Ashkin, 1997). Numerous applications of optical tweezers have been
demonstrated over the years. In general, it has been found that this method enables a biological particle to
remain undamaged in its environment for a long time, and position measurement allows measurement of
optical forces. In one of these applications, studies were carried out using the escape force method utilizing
particles with a diameter of 1 um via optical tweezers (Simon & Libchaber, 1992). In another study, direct
observation by optical tweezers of the step movements of kinesin found kinesins to move in 8-nm steps
(Svoboda et al., 1993). In addition, the optical tweezers system allowed the mechanical properties of polymers
and biopolymers to be studied. The mechanical properties were observed to be consistent with the conventional
muscle contraction model (Finer et al., 1994). Optical tweezers have been used to study living systems and
biomolecules as well as model systems such as liposomes (cell membrane, exosome, etc.). One of the most
interesting applications of these is the use of liposomes produced by the reversible phase evaporation method
as a micro-chemistry laboratory with optical tweezers (Kulin et al.,2003). In this study, liposomes containing
different types of optically trapped chemicals are combined systematically, and a chemical reaction is initiated
with the mixture of their contents. Thus, it can be used as a micro-reactor. In another study, Foo et al. (Foo et
al., 2003) showed that phosphatidylcholine liposomes are significantly deformed due to hydrodynamic forces.
The mechanical properties of giant liposomes were demonstrated by using the dual optical tweezers method
and the optical measurement of force constants by stretching the liposomes (Shitamichi et al., 2009). In two
different studies conducted in 2011 and 2014, the chemical transport properties of liposomes, which have an
important place in drug targeting, were examined in a controlled manner with the help of optical tweezers
(Pinato et al., 2011; Shiomi et al., 2014).

Optical tweezers can also be combined with other analysis methods to examine various properties of trapped
particles. Raman spectroscopy was utilized in this study since it is suitable for examining molecular properties
of biological particles. In Raman spectroscopy, light scattering occurs by molecules when a monochromatic
light from an illumination source interacts with the molecules in the structure of the illuminated sample and
results in a fingerprint signal specific to the molecules inside the sample of interest. Many essential studies and
applications have been made in biology and medicine with Raman spectroscopy. A study visualized the
relationship of living cells with DNA with phosphate stretch vibration and proteins with amide | vibration
(Cheng et al., 2002). Besides, water with OH stretch vibration (Dufresne et al.,2003) and lipidic reactions with
CH stretch vibration have been observed (Nan et al.,2006). In addition to these studies, vibrational imaging of
bilayer lipids has been achieved (Potma & Xie, 2003). Raman scattering has also created a powerful imaging
method to study tissues in living organisms (Evans et al., 2005). Cherney and his team examined liposomes of
0.6 pm (Cherney et al., 2003) and 3 um in diameter (Cherney et al., 2004) produced from different types of
phospholipids (DMPC, DPPC, DLPC, DOPC) by Raman tweezers method in two studies conducted in 2003
and 2004. Following this study, extensive studies were conducted with particles 0.5 um in diameter and above
with Raman tweezers (Hotani et al., 1999; Spyratou et al.,2015; Penders et al.,2018; Chan et al., 2005). Raman
tweezers studies were also carried out by producing liposomes with diameters between 50 and 200 nm at
submicron scale. In one of them, Kruglik trapped 50, 100, 200, and 400 nm liposomes to model the exosome
behavior and studied Raman spectra (Kruglik et al., 2019). In this study, Kruglik determined the concentrations
of these liposomes using the spectral ratios of CH2 (1440) and H20 (1640) bond strengths.

Since spontaneous Raman is a method produces a weak signal, an amplification mechanism is necessary to
extract information from the nanosized particles, which contains low volume of material, generally not
sufficient to obtain observable spectra. We propose to apply Surface Enhanced Raman Spectroscopy (SERS),
a special form of Raman spectroscopy to enhance molecular vibrations by matching the incident
electromagnetic wave’s frequency with the localized surface plasmons resonance frequency which occurs very
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close to the metal surface (5-40 nm) (Stiles et al.,2008). Recently, it has been investigated how SERS efficiency
increases with aptamer (Kim et al.,2010), gold nanostar (Lee et al.,2014), nanorod (Chaney et al., 2005),
nanoshell (Jackson et al.,2003), nanoparticle (Kneipp et al.,2002) doped applications. Metal nanoshells are a
class of nanoparticles with tunable optical resonances. In the article (Hirsch et al., 2003) an application of this
technology to thermal ablative therapy for cancer is described. In another article, they carried out the first
measurements of a solid-supported lipid bilayer on a SERS-active substrate and characterized the bilayer using
SERS, atomic force microscopy, surface plasmon resonance spectroscopy, ellipsometry, and fluorescence
recovery after photobleaching (Bruzas,2019).

In this study, optical tweezers and SERS were applied to determine the size distributions of the vesicles and
the amount of proteins inside PC liposomes. To our knowledge, this is the first application of SERS-tweezers
on gquantification of proteins in lipid nanovesicles. This study especially important for being a model for
extracellular vesicle studies, which became quite impactful in the area of cancer research.

2. Materials and Methods

2.1. Generation of AuNP-free liposomes

A thin lipid film was formed to form AuNP-free liposomes (Kilig,2017). For this, 40 uL of the
phosphatidylcholine (PC, Figure 1A) stock solution (2.5 mg/mL) prepared in chloroform was poured into a
round-bottomed flask (100 mL), and a thin film was formed by evaporating the chloroform under nitrogen gas
by manually rotating it. Large, multilamellar liposomes (Large Multilamellar Vesicles, LMV) were then
obtained by vigorously mixing the lipid layer by vortexing for 15 minutes in phosphate buffer (PBS; pH: 7.4
and 0.01 M).
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07X 00~ —
WVENMO : o I / -
0 €
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) e ™
o i
QP Quadrant Photodiode L4

Membran Support

MO: Microscope Objective

@« /S 7

Eﬁ

Figure 1. A)Structure of the phosphatidylcholine molecule. B) Mini extruder system components and C) com-
bined view. D) Raman tweezers experimental setup.

The extrusion method was used to obtain a monolayer liposome (Small Unilamellar Vesicles, SUV) (Avanti
Mini-Extruder, Figures 1-B and 1-C). For this, the LMV solution was passed through the polycarbonate mem-
brane placed in the center of the extrusion system 21 times with syringes on both sides. Membranes with
different pore sizes (50-1000 nm) were used to form liposomes of different sizes. The resulting LMV or SUV
liposomes were stored in the falcon at +4 °C and used within 1-3 days after production (Kili¢ & Kok, 2019).

2.2. Experimental setup

The Raman tweezers experimental setup, in which the liposomes are characterized, is given in Figure 1D
and is basically built around a 785 nm, 500 mW single-mode diode laser, spectrometer, and microscope. In the
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experimental setup, the 785 nm laser beam is directed to the microscope objective with the help of suitable
lenses and reflective mirrors. The laser beam focused through the microscope objective (100x, 1.3 NA) reaches
the sample. The rays passing through the sample reach the quadrant photodiode with the help of a reflective
mirror (RM1) and lenses (L1, L2). The beams emitted from the white light source pass through the sample
using lenses (L) and reach the CCD camera via the dichroic mirror (DA 2). Since the dichroic mirror (DA 2)
has a long pass filter allowing beams with wavelengths larger than 650 nm, visible light below 650 nm is
reflected. This beam is imaged on the camera as light with a wavelength greater than 650 nm passes through
the mirror. The rays scattered from the sample are delivered to the spectrometer with the help of a reflective
mirror (RM 2), dichroic mirror (DA 1), and filters (F1, F2). Since the dichroic mirror (DAL) has the property
of transmitting wavelengths shorter than 805 nm, light above 805 nm wavelength is reflected and directed
towards the spectrometer. Since the Raman scattering lights will have a wavelength above 785 nm, only Raman
scattering beams reach the spectrometer.

2.3. Raman tweezers characterization of produced liposomes

The Raman spectra were acquired 14 times with a 30-second signal acquisition time for Raman, and the
time average of the spectra was taken. The averaged spectra were normalized after baseline and background
correction preprocessing and the statistical analysis was started. The signal collection time was planned to be
2 seconds in the SERS application.

3. Results and Discussion

3.1. Tweezers calibration with 5 pm silicon beads

In optical tweezers experiments, calibration experiments are performed to qualitatively determine the
magnitude of the optical force transferred to the laser tweezer particles. The calibration experiments find the
size of the spring constant in the optical tweezers force, which conforms to Hooke's law. Thus, the change in
optical force can be recorded by monitoring the center of mass changes. For silica beads with a diameter of 5
um, a linear variation of the spring constant versus laser power results from repeated calibration. The spring
constant of the system depends on the laser power, where =0.16075. P + 3.7 pN/um.

Here the power values are the percentage values relative to the highest power reaching the sample plane. In
the preliminary study, the system was gradually calibrated up to 100 nm, starting from test particles with a
diameter of 5 micrometers, then readied for calibration of the forces acting on the nanometer-sized liposomes.

By adding Quadrant Photodetector (QPD) to the system, the Brownian motion of the particle in the sample
plane was followed by voltage information based on the method known as back focal plane interferometry
(back focal plane interferometry) in the literature. Since the commercial system allows the movement of the
laser focus in a controlled manner, the voltage-position (V-X) relationship was found by moving a trapped
particle linearly throughout the entire observation area (Figure 2A). When the linear region marked in blue in
this graph is fit, the beta coefficient, which is directly related to the spring constant of the optical force, is
obtained (Figure 2B).

3.2. Multilayer liposome measurements

The sample was prepared with liposomes called large multilamellar vesicles (LMV), and the Brownian
motion of particles 1-3 um in diameter was measured. As a result of two different experiments, spring constants
of 80-100 mW (Figure 2C) and then 40-70 mW (Figure 2D) were found. The size values of the measured
liposomes were measured with the aid of a CCD camera using the device software. Experiments were
continued by taking measurements from a region with no visible particles and observing that there was no
voltage change. In addition, the Stokes-Einstein (1) diffusion equation given in equation 1 was used to
determine the diameters of the trapped particles:

915



Journal of Advanced Research in Natural and Applied Sciences

2023, Cilt 9, Say: 4, Sayfa: 912-922

kT

D=-—2- (3.1)
Y
) 20 u
204 .
104 a
— L] —_
£ . 2 :
= o -.l. v y £ 04 .
@ [} @ .
a . 0 Tga = 1/p
= at s & 1N "
o [ 1] [ ] 5 - L]
> . . . y e
204 o o 204
L o " L]
L
- ' -304 .
- - - ; - T . - . T
20 30 40 50 60 28 30 32 34 36 38
Displacement (um) Displacement (um)
304 .
"E“ = 7510
2 s
.-z% E easured from CCD cameras3 pm
= 204 *
c —
i . & 100
w -
c w
8 & ‘
ey o
£ 10 . Fy
(=N o [ 1
» a
T T T vi 80 T T T T
80 90 100 40 50 60 70
Power (%) Power (%)

Figure 2. Calibration with QPD A) Voltage-displacement curve B) Linear fit on the selected region. Spring
constant vs laser power calibration were measured for C) small unilamellar vesicles D) large multilamellar
vesicles.

Here, kB, T, and y are Boltzmann's constant (m?kg.s2.K?), ambient temperature (K), and fluid friction
coefficients, respectively. (m.Pa.s). Since y = 6mrn, the radius r value can be left alone and the fitted D value
can be used. The open source optical tweezers power spectrum fit program named CPC package was used for
the fit process (Hansen et al., 2006; Toli¢-Nerrelykke et al.,2004).

3.3. Monolayer liposome measurements

Preliminary studies continued with experiments at SUVs with an average diameter of 100 nm. At this stage,
since the particles cannot be seen with the naked eye under the microscope (due to the diffraction limit), voltage
signals were followed, and the entry of the particles into the trap was indirectly investigated. Figure 3A and B
shows the position signal distribution from QPD with and without particles in the trap. The variance decreases
dramatically when the particle enters the trap. In the first case, the variance was 2.1055e-16, with the particle
in the trap was 1.9936e-17.
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Figure 3. Position distribution with particle A) absent and B) present in the trap. C) Graph of calculated signal
averages for understanding tweezers events.

150 consecutive oscilloscope recordings were made for each measurement. In the first recording, noise
measurements were taken when the devices and lashe trapping ever were turned off. In the second recording,
the devices and laser were turrned on with no trap. In the third measurement, the trapping events were were
recorded using the averages of five and the QPD voltage signal was compared with the measurement taken
when the laser was turned on (t=0). Figure 3C shows the average signal graph described.

By using corner frequencies and diffusion coefficients obtained as a result of Brownian motion tracking of
liposomes, spring constant and estimated diameter values were obtained as in previous experiments. Estimated
diameter values are given in nm around the data points on Figure 4. The spring constant value was found to be
11.98 + 0.57pN/um against 80% laser power. Figure 4 gives the diameter distributions obtained in optical
tweezers studies of the liposomes produced with membranes with a pore diameter of 200 nm. Accordingly, the
peak of the distribution obtained was around 140-150 nm, which is in agreement with the 140 nm result
obtained previously as a result of the zeta-sizer measurement with the same type of membranes.
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Figure 4. a) Histogram for diameter distributions of liposomes obtained with optical tweezers, 100 nm pore
diameter membrane. b) Averages and standard errors of individual vesicle measurements.

SERS spectra of the liposomes produced in the study were also obtained. The surface plasmon resonance
wavelength 785 nm obtained from Oceans was measured by drying 15 pL liposome samples on gold surfaces
and measured using Oceans QE Raman spectrometer in a similar setup as in Figure 1D, with collection times
of 3 seconds. Since it is not possible to determine in which regions the liposomes bind on the surface with
optical imaging (Liposome diameters are smaller than the diffraction limit of our microscope, which is 740
nm), a Raman map was obtained by scanning a 1.4 mm X 1.4 mm region on the surface. A model protein,
Gramicidin, was used to test the potential of Raman microscopy to distinguish liposomes containing different
biomolecules. The analyses performed by producing 1% and 10% Gramicidin-containing liposomes by volume
determined that liposomes with and without Gramicidin showed different properties. Analysis results are given
in Figure 5 B-D. Figure 5B and C shows that the classification accuracy is high, and the analysis showed 20
misclassified measurements among 3888 measurements taken from three different groups. Fig 5D also
confirms that the principal components' distribution is well-clustered, with minor in-group variances and large
between-group variances, which provided the accuracy we obtained from the analysis.
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Figure 5. A) Comparison of Raman signals of averaged and L2 normalized PC liposome and liposomes con-
taining 1% and 10% Gramicidin protein. B) Confusion table for test results after LDA analysis. C) ROC plot
for LDA analysis. The area under the curve = 1.00. D) Principal component analysis (PCA) comparison of
groups.
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In this study, the size distribution of the vesicles was determined by optical tweezers using Einstein's diffusion
coefficient equation utilizing the displacements of the individual particles inside the trap. This technique was
demonstrated for the determination of trap stiffness (Gieseler et al.,2021, Viana et al., 2007, Singer et al.,
2000) and the calculation of cell biomechanics (Serafetinides et al., 2013, Pesen et al., 2022, Zhang et al.,
2019) before. To the author's knowledge, this is the first demonstration of the estimation of nanoliposomes'
diameters by optical tweezers. Besides, the content of the vesicle was analyzed by surface-enhanced Raman
spectroscopy. The author found that the signal from the lipid bilayer could be differentiated from the total
liposome signal with protein with 1% and 10% concentration. As demonstrated before (Tukova et al., 2021),
SERS analysis is sensitive in investigating liposome-protein systems. Here, the author presents a workflow to
fully characterize nano-vesicles via SERS-tweezers, which paves the way towards label-free integrated
extracellular vesicle analysis, which is important for cancer research.

4. Conclusion

Characterization of nanosized vesicles smaller than 200 nm is challenging due to their small sizes, which
is a limitation for optical methods due to the diffraction limit. Besides, the non-optical methods are generally
low-throughput and generally do not give sensitive content information. Our Raman tweezers approach
brought three advantages: i) The size distribution is sensitively measured using Brownian motion. ii) Content
of the nanosized liposomes was measured using Raman spectroscopy. iii) With the help of machine learning
methods, untrained protein concentrations can be potentially calculated. These synthetic vesicle measurements
have the potential to simulate the extracellular vesicles, especially exosomes, present in the bodily fluids. Since
the precise characterization of the exosomes are crucial for cancer diagnosis, a model experiment is highly
important and our method shows that the controllable addition of cargo contents into sytentic liposomes and
their Raman measurements may provide more accurate cancer diagnosis platforms.
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Article History Abstract — The consumption of naked barley is significantly increasing as more people become aware of its beneficial
Received: 24.04.2023 role as a source of dietary fiber and B-glucan. As a result, breeding programs paid more attention to naked barley.

Improvement of yield and quality of naked barley is hindered by the lack of available germplasm. Mutation breeding
Accepted:  10.07.2023 is an effective tool for generating variation for plant breeding. Chlorophyll mutations are often used as visual indica-

Published:  20.12.2023 tors in breeding research to determine the optimum mutagen dosage. The purpose of this study was to identify the
types and frequency of chlorophyll mutations brought on by different gamma radiation doses in two genotypes of

Research Article hulless barley and determine the effective dose (EDso) based on the mutation frequency. Seeds of naked barley line
YAAT7050-14 and cv. Yalin that have been irradiated with doses of 100, 150, 200, and 300 Gy gamma rays delivered
by a Cobalt-60 source. Chlorophyll mutations were observed in 8-day-old M, plants grown under greenhouse condi-
tions. In the M, plants of cv. Yalin, the highest mutagen frequency was observed at 250 and 300 Gy, while in line
YAAT7050-14, the highest mutation frequency was found at 300 Gy. The rate of chlorophyll mutation rose in both
genotypes as the gamma ray doses increased. The albino type of chlorophyll mutation was found in the cv. Yalin at
the greatest rate, whereas the xantha type was found in the line YAA7050-14. The most common chlorophyll muta-
tion type was albino, while the least common type was viridis when both genotypes were considered together. Based
on the mutation frequency, 250-300 Gy doses could be used to effectively in further research to create mutations in
the naked barley genotypes.

Keywords — Chlorophyll mutations, gamma irradiation, M, plants, naked barley

1. Introduction

Barley (Hordeum vulgare L.) is one of the oldest cultivated plants, which has been consumed as food for
years (Badr et al., 2000, Lev-Yadun et al., 2000). Approximately, 3% of the barley produced worldwide is
used as food in the world (Ullrich, 2011). Furthermore, the barley consumption is increasing day by day
because functional foods are highly demandable by consumers. Barley is one of the functional ingredients
since it is rich in dietary fibre and high beta-glucan (Bhatty, 1999). Naked (hulless) barley is preferred over
hulled barley by food industry because (Newman & Newman, 2008) their hull and grain are easily separated
from each other (Meints & Hayes, 2019) therefore grains are easily processed into food products. This
technological characteristic plays the most important role in consuming naked barley as food (Meints et al.,
2021).

The popularity of naked barley has encouraged breeders to increase their efforts to improve the yield and food
guality of naked barley. Although it is possible to cross with naked barley in breeding studies, it is necessary
to broaden the variation to obtain superior individuals in terms of yield and quality. One of the most effective
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ways of creating genetic variation required for naked barley breeding studies is mutation breeding (Chaudhary
et al., 2019; Dyulgerova & Dyulgerov, 2022).

To achieve sufficient and effective variation in the plant species and cultivars in mutation breeding, it is im-
portant to determine the source of the mutagen to be used and the effective dose to be used in advance (Ma-
luszynski et al., 2009) because the effective dose of mutagen depend on the plant species and cultivars (Naza-
renko & Lykholat, 2020). In general, the rate of germinated or surviving plants (Ahumada-Flores et al., 2020),
the rate of plant developmental retardation (Kodym et al., 2012) and the rate of chlorophyll mutations (Ciftgi
& Senay 2005) are used to determine effective doses and mutation frequencies. Chlorophyll mutations are
successfully used as genetic markers in plant breeding programs to reveal the effects of mutagens and how the
target genotype responds to the mutagen (Wani et al., 2011).

Chlorophylls are essential pigments used by the plant during photosynthesis (Yu et al., 2014). Due to the
inhibition of photosynthesis, chlorophyll mutations are often lethal to plants (Wani et al., 2011). Hence, they
are generally not useful for plant breeding. However, research on chlorophyll mutations could be useful to
determine suitable mutagens and effective mutagen doses to increase genetic variability and agriculturally
important mutations in plant species. Therefore, chlorophyll mutation scores are reliable indices for assessing
the genetic effects of mutagenic treatments (Goyal et al., 2019). Depending on how the pigments of chlorophyll
are affected by mutagens, the occurrence of chlorophyll mutations varies. Gustafsson (1940), classified the
chlorophyll mutations obtained as albino, xantha, alboviridis, viridis, tigrina, striata, maculata, unidentified
mutation, and plasma mutations into nine categories. Although some researchers have modified this
classification, it is still the most common classifications in determining the mutation frequency in barley and
other cereals.

This study aimed to determine how gamma radiation affects the frequency and range of chlorophyll mutations
in the M generation of two naked barley genotypes and the effective dose of gamma radiation that could be
used in naked barley breeding.

2. Materials and Methods

Naked barley cultivar (cv.) Yalin and the naked barley line YAA7050-14 developed by the Central
Research Institute for Field Crops (CRIFC) were used as plant material. Gamma-rays obtained from the 381
Gray/hour Cobalt 60 (60Co) source in the Ankara Nuclear Research and Training Centre (ANAEM) were used
as the physical mutagen source. For and each dose and control, healthy and having nearly 12% moisture, seeds
of naked barley cv. Yalin and line YAA7050-14 were prepared separately. The prepared seeds were irradiated
with gamma rays at doses of 0 (Control), 100, 150, 200, 250, and 300 Gray (Gy). Seeds in the control group
and irradiated at different doses were sown separately in the experimental field of the CRIFC to grow M;
plants. After the required measurements were taken from the M plants that reached harvest maturity, the main
spikes were harvested by hand. The seeds of the main spikes of M plants obtained by gamma irradiation at
different doses were used to establish M. populations. For each dose in both genotypes, 1000 carefully hand-
threshed and selected seeds were sown in containers under greenhouse conditions.

On the 8th day after sowing, germinated and emerged plants were counted and then chlorophyll mutations
were observed. Chlorophyll mutations were grouped according to Gustafsson (1940 and 1946) as albino
(white), xantha (yellow) and viridis (light green) and counted. The images of plants belonging to different
chlorophyll mutations observed in the study are given in Figure 1. The frequencies of chlorophyll mutations
was determined according to Gaul (1964) by the following formula (2.1). Additionally, linear regression
analyses were performed to illustrate the relationship between gamma ray doses and mutation frequency
(Freund et al., 2006).

Number of mutant plants

Mutation frequency (%) = 100 (2.1)

Total number of M2 plants
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Figure 1. Chlorophyll mutations in M plants (a: Albino, b: Xantha, c¢: Viridis, d: Control)

3. Results and Discussion

The chlorophyll mutations and frequencies observed in M, plants of cv. Yalin are given in Table 1. The
regression plot showing the relationship between different gamma-ray doses and chlorophyll mutation rates is
given in Figure 2. As it is clearly seen in Table 1 and Figure 2, the incidence of chlorophyll mutations increased
with increasing gamma ray doses. However, this increase in chlorophyll mutations was slow at first and then
gradual. The total chlorophyll mutation rate was 0.74% at 100 Gy gamma dose. At 150 and 200 Gy gamma
doses, a decrease was observed, and chlorophyll mutations were found at 0.35% and 0.24%, respectively. The
rate of chlorophyll mutations started to increase again, especially at 250 and 300 Gy doses, and they were
observed at a higher rate at these doses than at the others. The rate of albino plants was 0.39% and the rate of
xantha plants was 0.77 % at the dose of 250 Gy in cv. Yalin. At 300 Gy dose, which is the dose with the highest
rate of chlorophyll mutations, the rate of albino plants was 0.56 % and the rate of xantha plants was 0.97%.

Table 1
Chlorophyll mutations in M, plants of cv. Yalin irradiated with different gamma ray doses
Chlorophyll mutations

Doses Number of - Mutation

(Gy) total plants  ajping AP0 yonpe  X@NTA Viridis Viridis (%) Chiorophyll frequency
(%) (%) mutant plants %)
Control 950 0 0 0 0 0 0 0 0.00
100 811 2 0.25 2 0.25 2 0.25 6 0.74
150 846 2 0.24 0 0.00 1 0.12 3 0.35
200 832 2 0.24 0 0.00 0 0 2 0.24
250 778 3 0.39 6 0.77 0 0 9 1.16
300 720 4 0.56 7 0.97 0 0 11 1.53
Total 4937 13 1.66 15 1.99 3 0.36 31 4.02
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Figure 2. Regression graph between different gamma ray doses and chlorophyll mutation rate in M- plants of
cv. Yalin

The relative distribution of chlorophyll mutations in naked barley cv. Yalin was the same for all three types
(33.3%) at a dose of 100 Gy. Albino mutations occurred in 66.7% and viridis mutations in 33.3% at the 150
Gy dose. At the 200 Gy dose, all chlorophyll mutations were albino type. The highest rate of chlorophyll
mutations was 66.7% and 63.6% for the 250 and 300 Gy doses, respectively. When a general evaluation was
made for cv. Yalin, it was observed that the highest chlorophyll mutation rate occurred in the xantha type with
48.4%. The albino type mutation rate was 41.9% and the viridis type mutation rate was 9.7% (Table 2).

Table 2
Relative spectrum of chlorophyll mutants M, plants of cv Yalin
Doses (Gy) Albino (%) Xantha (%) Viridis (%)

100 33.3 33.3 33.3
150 66.7 0 33.3
200 100.0 0 0
250 33.3 66.7 0
300 36.4 63.6 0
Total 41.9 48.4 9.7

The chlorophyll mutations detected in M. plants of barley line YAA7050-14 grown under greenhouse
conditions and their occurrence rates are given in Table 3. The regression graph of the relationship between
different gamma doses and chlorophyll mutation rates is given in Figure 3. Similar to the cv. Yalin, the number
and rates of chlorophyll mutations increased with the increase in gamma ray dose (Table 3, Figure 3). In the
barley line YAA7050-14, the rate of chlorophyll mutation was determined as 0.96% at 100 Gy gamma ray
dose, and similar to the cv. Yalin. A decrease in the rate of chlorophyll mutation was observed at 150 and 200
Gy gamma ray doses. At these doses, 0.21% and 0.25% chlorophyll mutations were detected, respectively.
After the decrease, an increasing rate of chlorophyll mutations was observed at higher doses. Higher rates of
chlorophyll mutation were observed at 250 and 300 Gy gamma doses (Figure 3).

In the barley line YAA7050-14, the rate of albino plants was 0.52% and the rate of xantha plants was 0.13%
at 250 Gy dose. At the highest gamma ray dose (300 Gy) the rate of chlorophyll mutations observed was
1.62%. All the chlorophyll mutations in M. plants at 300 Gy were albino (Table 3, Figure 3).
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Table 3
Chlorophyll mutations in M2 plants of line YAA7050-14 irradiated with different gamma ray doses
Chlorophyll mutations

Doses Number of ) Mutation
(Gy) total plants  alping AP0 yonhe  Xantha Viridis Viridis (%) Chiorophyll frequency
(%) (%) mutant plants %)
Control 955 0 0 0 0 0 0 0 0
100 934 2 0.21 2 0.21 5 0.54 9 0.96
150 937 1 0.11 1 0.11 0 0 2 0.21
200 795 0 0 0 0 2 0.25 2 0.25
250 772 4 0.52 1 0.13 1 0.13 6 0.78
300 803 13 1.62 0 0.00 0 0 13 1.62
Total 5196 20 2.46 4 0.45 8 0.92 32 3.82
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Figure 3. Regression graph between different gamma ray doses and chlorophyll mutation rate in M- plants of
naked barley line YAA7050-14

In the naked barley line YAA7050-14, the highest chlorophyll mutation was seen in the viridis type with 55.6%
at 100 Gy, while albino and xantha type mutations had the same rate with 22.2% at 100 Gy. Albino and xantha
type mutations were found at equal rates (%50) at the 150 Gy dose. At 200 Gy dose, viridis-type chlorophyll
mutation was observed in all mutant plants. The albino ratio was 66.7% and the xantha and viridis ratios were
16.6% at 250 Gy. At 300 Gy dose, albino type chlorophyll mutation was observed in all mutant plants. In the
YAAT7050-14 line, 62.5% of the total chlorophyll mutations were albino type, 25.0% were viridis type, and
12.5% were xantha type chlorophyll mutations (Table 4).

Table 4
Relative spectrum of chlorophyll mutants M, plants of line YAA7050-14
Doses (Gy) Albino (%) Xantha (%) Viridis (%)
100 22.2 22.2 55.6
150 50.0 50.0 0
200 0 0 100
250 66.7 16.7 17
300 100.0 0.0 0
Total 62.5 125 25.0
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When the results of chlorophyll mutations in 8-day-old seedlings of M plants of both barley genotypes are
evaluated together, the highest rate of chlorophyll mutation occurred at 300 Gy gamma ray dose in both the
cv. Yalin and line YAA7050-14. Chlorophyll mutation was observed in 1.53% of the plants that emerged at
this dose in cv. Yalin and 1.62% in the line YAA7050-14. The most common chlorophyll mutation type in
both genotypes was albino, followed by xantha type chlorophyll mutations in cv. Yalin and viridis type in
naked barley line YAA7050-14. In similar studies, it was reported that the rate of chlorophyll mutations
increased in parallel with the increase in mutagen doses (Arain, 1974; Sing et al., 1977; Sakin & Sencar, 2001,
Ciftci & Senay, 2005). Moreover, Unver (1989) reported that albino and xantha type mutations increased in
M plants as the dose of EMS (Ethyl methanesulfonate) increased in barley cv. Obruk 86. Gustafsson (1946)
reported that xantha type mutations were six times less frequent than albino mutants and both types of
chlorophyll mutations increased as the dose increased, but this increase was not linear.

While albinism in barley is determined by more than one gene region (Makowska & Oleszczuk, 2013), xantha
mutations giving yellow color are usually governed by a single recessive gene (Motoyoshi, 1967; Liu et al.,
2008). The combined use of physical and chemical mutagens in barley and wheat increases the frequency of
chlorophyll mutation (Singh et al. 1977, Cift¢i and Senay, 2005). The pigments involved in photosynthesis are
called photosynthetic pigments and chlorophylls, the green pigments in plants, are the most active types among
them. Chlorophylls are mostly found in chloroplasts in mesophyll cells in green leaves of plants and
chlorophyll-a, and chlorophyll-b derivatives are found in higher plants (Kacar, 1996). Biochemical changes in
these photosynthetic pigments (chlorophyll-a, chlorophyll-b and xanthophyll) and their deficiencies in plants
are the main reasons for reduced viability at high mutagen doses (Marcu et al., 2013). While both green
(chlorophyll) and yellow pigments are absent in albino mutants, only yellow pigments are present in xantha
type mutants and green pigment is absent. In the viridis type, the proportions of yellow and green pigments are
changed compared to normal plants (Gustafsson, 1946). Chlorophyll a and b deficiency causes the chlorina-
type mutation that results in pale green leaf color, and there are different types defined by different gene regions
(Simpson et al., 1985). In albino, xantha, and chlorina type mutations, plants mostly die 2-4 weeks after
germination because they cannot photosynthesise, while in other types, the amount of chlorophyll approaches
normal in time and they can continue their vitality until harvest maturity (Motoyoshi, 1967, Ahumada-Flores
et al., 2021). Chlorophyll mutations, which are not of economic importance because they are generally lethal
(Wani, 2017), are used as genetic, physiological, and biochemical markers and can be easily identified and
examined in M; generation (Patial et al., 2017). Mutants deficient in chlorophyll could be easily detected as
recessive alleles during germination (Ilhan, 2014). Chlorophyll mutations are one of the important parameters
used to determine mutation frequency and mutation efficiency in M. generation (Sakin & Sencar, 2001, Ciftgi
& Senay, 2005). In mutation breeding studies, it is recommended to use the dose (effective dose) at which the
highest chlorophyll mutation frequency is achieved (Ciftgi & Senay, 2005). In our study, the highest
chlorophyll mutation numbers were observed at 250 and 300 Gy doses in Yalin barley variety and at 300 Gy
dose in YAA7050-14 barley line. Therefore, it can be said that the effective doses (EDso) in these genotypes
are close to 250-300 Gy gamma-ray dose levels.

4. Conclusion

The most common chlorophyll mutation in M, plants of cv. Yalin was albino type, while xantha type
chlorophyll mutation was found in the line YAA7050-14. The highest chlorophyll mutations were found at
250 and 300 Gy gamma-ray doses in cv. Yalin and at 300 Gy gamma-ray dose in naked barley line YAA7050-
14. Considering the chlorophyll mutations, it was determined that 250-300 Gy gamma-ray doses had the
highest mutation frequency in naked barley genotypes. These doses could be utilized to generate mutant plants
in naked barley breeding studies. Mutant plants have potential as gene sources for developing new naked barley
varieties for human consumption.
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y Abstract —Some materials can change their electrical polarization under the influence of a mechanical stress due to

Received:  05.06.2023 the piezoelectric effect. This stress-induced change in polarization produces a potential difference across the material.
Accepted:  08.08.2023 For this reason, the piezoelectric material generates an electrical signal when it is subjected to a pressure from acoustic
. energy. In this study, analysis of acoustic signals of footsteps from the piezoelectric sensor, especially for human
Published:  20.12.2023 footsteps, have been studied by considering the analytical relationship between the electrical signal generated from
. the sensor and the acoustic signal that provides the effect. We analyzed the acoustic signal data by assuming that the
Research Article electrical output voltage of the piezoelectric sensor completely coincides with the frequency of the acoustic signals.
The original signal was pre-processed using filtering systems and analyzed by the fast Fourier transform and power
spectral density methods to extract descriptive spectral features of the signal. This preliminary study proposed a
method as a sensor based piezoelectric security system to detect the acoustic signals that can indicate possible dangers
to the safety of people or property. The source of the acoustic signal can be determined by matching it with the

existing database using machine learning algorithms like face recognition systems for future goals.

Keywords — Acoustics, piezoelectric, sensors, signal processing, spectral analysis

1. Introduction

The Curie brothers discovered the piezoelectric phenomenon in 1880 by demonstrating the formation of
surface charges on well-prepared crystals due to mechanical pressure. In piezoelectric systems, the conversion
between mechanical energy and electrical energy has many applications in industry (Smith, 2005). Nowadays,
piezoelectric elements find numerous applications in precise positioning systems (Li, Zhang, Jia, & Qian,
2009; Liu, Yan, & Ozbay, 2018; Qiu, Wang, Zhang, & Han, 2013; Salvador, Plazas, Gimeno, & Carreres,
2012; Stefanski, Minorowicz, Persson, Plummer, & Bowen, 2017; Tian et al., 2019; Wang, Ho, & Jiang, 2021),
hard disc drive systems (Khasawneh, Jaradat, Naji, & Al-Azzeh, 2018; Lim & Choi, 2007; Ohashi, Kajiwara,
Iwadare, & Arisaka, 2005), vibration control (Chuaqui, Roque, & Ribeiro, 2018; Hagsberg, 2021; Pu, Zhou,
& Meng, 2019), energy harnessing (Chelli et al., 2021; Guigon, Chaillout, Jager, & Despesse, 2008; Jacquelin,
Adhikari, & Friswell, 2011; Kundu & Nemade, 2016; Moro & Benasciutti, 2010; Peigney & Siegert, 2013;
van den Ende, van de Wiel, Groen, & van der Zwaag, 2011; Wu, Bao, & Wang, 2021; Xiang, Wang, Shi, &
Zhang, 2013; Yatim, Ismail, S.J, hj.bakri, & Effendy, 2018) etc. Due to the interaction between the foot and
the contact surface during walking, human footsteps produce vibrations and sound from a few Hertz to ultra-
sonic frequencies(A. Ekimov & J. Sabatier, 2006). The sound vibrations of different types of walking styles
were measured on the outdoor floor surface with an ultrasonic ceramic sensor by Ekimov et.al.(A. Ekimov &
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J. Sabatier, 2006; A. Ekimov & J. M. Sabatier, 2006). Some test measurements were also conducted in air to
see the difference the sound measurement on the ground where the vibration absorption is much higher. The
results reveal that frictions of a footstep on the ground generate ultrasonic sound wave. It was shown that there
is no remarkable dependence on the human footstep style for ultrasonic signals magnitude in air, unlike the
seismic vibration signals (Ekimov & Sabatier, 2007). Recently, miniature seismometer networks have been
used to protect areas requiring high security against unauthorized access. Against the disadvantages of existing
seismometers such as high-power consumption and limited sensing range, Levy et. al. has developed a min-
iature seismometer with high resolution, low power consumption to detect intrusion in a protected area (Levy,
Moras, & Pannetier, 2017).

In this study, we propose an approach to determine acoustic sound sources by considering the analytical rela-
tionship between the electrical signal generated from the sensor and the stimulating acoustic signal. We predict
that the output signal spectrum obtained by Fast Fourier Transform (FFT) analysis of the step signals received
in time-domain with sensor can be compatible with the frequencies of the applied acoustic signal. Thus, the
signal can be interpreted by deriving the frequency values of the stimulating signal from the electrical signal
generated by the piezoelectric sensor. Our preliminary study proposes a method to detect the acoustic signals
that can indicate trespassing activities. In addition, the source of the acoustic signal can be determined by
matching it with the existing database using machine learning algorithms like face recognition systems for
future goals.

2. Materials and Methods

Polyvinylidene fluoride piezoelectric thin film sensors, also known as a low-cost vibration sensor, have
become an attractive alternative to piezoelectric ceramics due to their properties such as flexibility, high chem-
ical resistance, and thermal stability (Bregar, Starc, Cepon, & Boltezar, 2021). In general, piezoelectric ceramic
materials are used in high frequency applications (200 Hz and above) while in low frequency applications,
piezoelectric polymers are preferred. The acoustic pressure force acting on the piezoelectric sensor gives a
certain voltage value at the exit of the strip. Since there is a direct relationship between the electrical signal
obtained from the piezoelectric strip and the acoustic signal applied, the piezoelectric strip deforms in propor-
tion to the frequency of the acoustic signals. High amplitude responses are obtained from low frequency sig-
nals. In this way, the low frequency acoustic signal generated by the human footstep can be perceived as a
higher amplitude electrical signal. The acoustic signals detected by the piezoelectric strip are converted into
digital signals at the piezoelectric sensor output. The flowchart of our algorithm for data processes is shown in
Figurel.

Acoustic Piezoelectric Analog Digital Data
Signal > Sensor -> Cc?r:?/g?tler > Dpaa > Analysis

Figure 1.The schematic view of the system

In the process of listening to human footsteps on the computer, the sound data is read in the storage devices,
transferred to the microprocessor, and transmitted to the Digital Signal Processor (DSP) on the sound card.
The data decoded by the DSP is converted into analog audio signals by the sound card's digital-to-analog
converter (DAC) and transmitted to the sound card's output and then to the speaker. After the digital audio
signals in the computer are converted into analog form by the sound card and transmitted to the speakers, the
vibrating speaker diaphragm converts the electrical signals into sound waves. Sound waves from the speaker
are received by the piezoelectric structure. The piezoelectric strip structure deforms according to the acoustic
signals of different frequencies. Acoustic signals coming to the piezoelectric material are taken from the output
of the piezoelectric material and converted into digital signals via data acquisition system.

Signals detected in a system are usually measured as a function of time and then by using Fourier analysis they
were transferred from time domain to frequency domain. Footsteps are complex sounds made up of many
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different frequencies. Analysis of the frequency components of these harmonic sounds are done by the Fourier
method and complex waves are decomposed in the form of simple harmonics. The analysis of the received
signals is performed in MATLAB code for human step detection.

3. Results and Discussion

In Figure 2, we compare audio signals produced by a human walking on snow and hardwood floor in time
and frequency domains. To investigate the spectral frequency details of the digitally recorded audio signals in
Figure 2 (a) and (d), we applied the FFT algorithm as seen in Figure 2 (b) and (e), respectively. The signals in
Figure 2 (b) and (e) have sampling rate at 48 kHz, FFT size of 854016 and time duration of about 18 seconds
and sampling rate at 48 kHz, FFT size of 462863 and time duration of about 10 seconds, respectively. By
using a median filter, we eliminated the noise without distorting the shape of the signals as seen in Figure 2
(c) and (f). We can clearly extract descriptive spectral features of the human footstep walking on snow and
hardwood floor in frequency and filtered frequency domain as comparing Figure 2 (b) and (e) and Figure 2 (c)
and (f), respectively.
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Figure 2. Human footstep walking on snow (a-c) and hardwood floor (d-f) in time domain, frequency domain,
and filtered frequency.

A Power Spectral Density (PSD) is used to determine broadband random signals in the measure of signal
power versus frequency. It is estimated by calculating the Fourier transform of the signal’s autocorrelation
function. In Figure 3, by the FFT and PSD we pre-processed original signals of a horse footsteps to extract
descriptive spectral features of the signals. The signals of the footsteps are given in time domain, frequency
domain and as frequency filtered. The sampling rate of the signal was measured at 44.1 kHz, FFT size 378726
and duration about 8 seconds. PSD estimates the power distribution of the signal in a specific frequency range.
Figure 3 (d) which is PSD of the horse footsteps gives detailed on amplitude and locations of the peaks of the
acoustic signal.
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Figure 3. The horse footsteps (a) in time domain (b) in frequency domain (c) as filtered and (d) PSD frequency
domain.

In Figure 4, we compare two different footsteps as labelled footsteps-1 and footsteps-2. The footsteps-1 and
footsteps-2 were the footsteps of a person walking with shoes on hardwood floor and on rug over hardwood
floor, respectively. Signals are compared using PSDs of signals. We can clearly observe that the extracted
frequency information has the potential to discriminate between distinct acoustic sound sources. This study
shows that our method can be used to detect and analyze acoustic signals.
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Figure 4. The signal of two different footsteps in (a) time domain and (b) frequency domain PSD.

4. Conclusion

By assuming that the electrical output voltage of the piezoelectric sensor completely coincides with the
frequency of the acoustic signals, we analyzed the acoustic signal data. The original signal was pre-processed
using filtering systems and analyzed by the FFT and PSD methods to extract descriptive spectral features of
the signal. We observed that meaning of the signal can be obtained by deriving the values of the stimulating
acoustic frequency from the electrical signal generated by the piezoelectric sensor because of the acoustic
signal. The equivalent of the interpreted signal from the library to be created can be easily determined with a
promoted program. This preliminary study proposes a method as a sensor based piezoelectric security system
to detect the acoustic signals that can indicate trespassing activities. The source of the acoustic signal can be
determined by matching it with the existing database using machine learning algorithms like face recognition

systems for future goals.
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Received: 24.04.2023 used in lots of areas such as cable, automotive, marine industry and aviation applications. Superior processing behav-

iour, electrical properties and moderate high temperature resistance also make EPDM an attractive raw material for a

wide range of further industrial performance requirements. As well as the other general purpose rubbers, EPDM needs

Published:  20.12.2023 to be protected against thermo-oxidative aging. Short and long term aging behaviour of both sulfur and peroxide cured
EPDM has been studied in literature. However, to the authors’ best knowledge, there is not any study in literature

Research Article systematically evaluating a common rubber antioxidant 2,2,4-trimethyl-1,2-dihydroquinoline (TMQ) for investigat-
ing theoretical life-time of EPDM based materials that were vulcanized with different crosslinking systems. In this
study, effects of TMQ on the thermo-oxidative resistance of EPDM has been studied for conventional and efficient
sulfur vulcanization systems as well as peroxide vulcanization system. Aging mechanism for different cases has been
investigated by using structural, rheological and mechanical tests. Thermo-oxidative aging has been monitored by
carbonyl index and activation energy. Arrhenius based life-time estimation methodology (ISO 11346) has also been
employed to evaluate aging behaviour of the reference and TMQ containing (-T) compounds. TMQ was found to
exhibit different levels of protection against thermo-oxidative aging for all the curing systems and at all aging condi-
tions. As a result, higher aging activation energy for -T compounds has been attributed to extended service life of the
material in the presence of TMQ.
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1. Introduction

Ethylene propylene diene rubber (EPDM) is a common raw material for rubber goods with superior
resistance to heat, oxygen, ozone, humidity, ultraviolet radiation and electric discharge thanks to its structural
properties, particularly its saturated backbone (Bouguedad et al. 2008; Tan et al. 2021). It is widely used in
many applications such as cable insulation and sheathing, sealants, automotive goods, marine and aviation
industries. Due to its good electrical properties, thermal aging resistance and relatively low density in their
compounds, EPDM has an increasing demand particularly in cable industry and nuclear applications (Li et
al. 2020). Terpolymer EPDM is synthesized by polymerization of ethylene and propylene in the presence of
a diene monomer, which is commonly one of ethylidene norbornene (ENB), dicyclopentadiene (DCPD) and
vinyl norbornene (VNB).
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Depending on the diene content, EPDM is able to vulcanize by sulfur as well as by peroxide and other
crosslinking agents (Savran 2001; Simpson 2002). Besides, diene groups are not located on the main chain of
EPDM, and this can provide exceptional resistance to weathering (Delor-Jestin et al. 2000; Sanches, Cassu,
and De Céssia Lazzarini Dutra 2015). However, due to its low polarity, EPDM is not resilient to hydrocarbon
based fuels and halogenated solvents. Promising heat, oxygen and ozone resistance of EPDM has been drawing
attention to prepare rubber compounds for high-temperature applications by compounding EPDM with various
anti-aging additives and/or various crosslinking systems. Despite the fact that it exhibits satisfactory resistance
to thermo-oxidative aging, EPDM still needs to be protected against overall aging effects in order to exhibit
superior performance during its long service life (Van Duin 2002). It is preferably compounded with stabilizing
agents to improve its service temperature and useful service life. 2,2,4-trimethy1-1,2-dihydroquinoline (TMQ)
is one of the most widely used stabilizer for EPDM. Vulcanization system has also significant impact on both
service temperature and service life of EPDM based materials. Although various crosslinking agents can be
used in EPDM compounds, sulfur vulcanization system is still one of the most preferred methods to produce
EPDM vulcanizates. In sulfur vulcanization, accelerators and activators accompany with sulfur to shorten
vulcanization time and to improve overall vulcanizate properties. The proposed reaction mechanism for sulfur
vulcanization of EPDM is given in Figure 1 (Van Duin 2002). Here, diene group is ENB and vulcanization
rate increases with ENB content of EPDM.
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Figure 1. Proposed reaction mechanism for sulfur vulcanization of EPDM (Van Duin 2002)

Three different sulfur vulcanization systems can be designed to control crosslink types, which most likely
occur. These are conventional (CV), semi-efficient (semi-EV) and efficient (EV) vulcanization systems (R.
2002). The amounts of sulfur and accelerators and the sulfur/accelerator ratio, which depend on the type of
sulfur vulcanization system, have remarkable impact on the vulcanizate properties (Ciesielski 1999). The other
popular vulcanization system for EPDM is peroxide crosslinking and the proposed reaction mechanism is
depicted in Figure 2 (Van Duin 2002; Matador Rubber 2007). Both saturated and unsaturated rubbers are able
to vulcanize by using organic peroxides. In peroxide vulcanization, radicals, which are formed on the polymer
main chain by means of peroxides, combine to give C-C crosslinks. Optimum reaction temperature strongly
depends on decomposition temperature of the peroxide; yet, peroxide vulcanization mainly occurs at 140-
180°C. Peroxy-vulcanized rubber materials are able to be used at relatively high temperatures, they have good
thermo-oxidative aging resistance and satisfactory dielectric properties. However, these vulcanizates exhibit
lower flexibility, worse tensile and abrasion properties compared to the sulfur-vulcanized ones (Matador
Rubber 2007).
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Figure 2. Proposed reaction mechanism for peroxide vulcanization of EPDM (Van Duin 2002; Matador Rubber
2007)

Along with the sulfur and peroxide vulcanization systems, resin vulcanization and high-energy ionizing
radiation vulcanization are also among crosslinking methods for EPDM. lonizing radiation and e-beam are
preferred especially on cable sheathing applications (Matador Rubber 2007). Rubber materials tend to age due
to radicalic reactions on the polymeric structures as for human body by time. The main approach to prevent
and/or retard aging is to use various stabilizing agents such as antioxidants. These are the additives, which
scavenge the free radicals so that they cannot affect the polymeric material. Chemical and/or physical changes
in the polymer structure during thermo-oxidative aging depend strongly on the type polymer. Thermal aging
takes place in rubber-based materials via two main mechanisms (Johlitz, Diercks, and Lion 2014; Polymer
Properties Database n.d.). First mechanism is main chain scission. Common characteristics of the rubbers,
which follows the first mechanism, is to have electron donor -CHj3 group connected to the C atom on the double
bond. This -CHs group is vulnerable to oxidation. Second mechanism results with additional crosslinking.
Rubbers following the second aging mechanism usually have highly electronegative groups such as halogens
connected to the double bond and therefore they are highly stable (Mathew and De 1983; Nakajima 2000).

During the aging of polymers, the macromolecular structure is oxidized to form perhydrate and then these
perhydrates turn into free radicals. Following that, other chain segments interact with the free radicals to form
new perhydrates and then new free radicals. This consecutive process goes on over whole aging process.
Antioxidants are able to inhibit/retard free radical attack onto polymer chains in order to break consecutive
aging reactions. Besides, antioxidants can also decrease the concentration of hydroperoxides, which comes
from thermo-oxidative degradation of the polymer (Li et al. 2020). Short and long term aging of both sulfur
and peroxide cured EPDM has been studied in literature (Rojas Rodriguez, D’almeida, and Marinkovic 2021;
R. Wang et al. 2020; Z.-N. Wang et al. 2020; Wang and Qu 2003; Zhang, X., Li, J., Chen, Z., Pang, C., He,
S., Lin 2022). Many of the studies investigating aging mechanism of EPDM figure out crosslink density to
increase during aging period. Aging behavior of EPDM due to UV exposure was studied and micro and macro
surface cracks were correlated to oxidation reactions during aging by Tan et al. (Tan et al. 2021). In that study,
aging of EPDM due to various external factors was explained with two main stages. In the first stage, chain
scission reaction caused an increase in free volume and in gas permeability due to decreasing overall crosslink
density. Accordingly, crosslink density was reported to increase in the second stage of aging process. In another
study, thermo-oxidative aging of EPDM/carbon nanotube composites was investigated and increased overall
crosslink density was reported (Zhang, X., Li, J., Chen, Z., Pang, C., He, S., Lin 2022).

Proposed heat and light-initiated photo-oxidation mechanism of EPDM is depicted in Figure 3. At the
beginning of the reaction, peroxy radical (ROO-) is formed by means of external energy. Peroxy radical reacts
with EPDM molecules to give alkyl radical (R-) and hydroperoxide (ROOH), which then immediately turn
into alkoxy (RO-) and hydroxy (-OH) radicals. Alkoxy and hydroxy radicals are able to react with EPDM
molecule to give H,O molecule and R- radical. R- radical is still very active to combine with air oxygen to
yield ROO- by means of a cyclic oxidation reaction. The most unstable radical among all is RO- and various
oxygen containing species such as esters, ethers and ketones may occur via RO- reactions (Tan et al. 2021).
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Figure 3. Proposed photo-oxidation mechanism of EPDM (Tan et al. 2021)

Anti-aging additives used in rubbers, which tend to degrade under the influence of oxygen, ozone and heat,
are classified in ASTM D4676. These are basically defined as antioxidants and antiozonants and they are added
into rubber compound in the amount of 1-4 phr (Ciesielski 1999; De and Jim R. White 2001). Antioxidants
inhibit/retard the oxidation process by means of scavenging free radicals and hydroperoxides, which form
during oxidation reaction (Li et al. 2020). The most widely used anti-aging additives in rubber industry are
phenolic and amine based antioxidants (Khalaf, Helaly, and EI-Sawy 2014). TMQ takes place among all with
its competitive price and satisfactory anti-aging performance. It is effective for rubber materials at also
relatively high service temperatures even used in 1-2 phr. Sequential configurations of TMQ during its anti-
aging action is shown in Figure 4. Similar mechanisms have also been proposed in literature (Arvind Mafatlal
Group and Nocil Limited 2010; Huntink and Datta 2003). TMQ follows subsequent reactions to give stable
configurations in order to inhibit oxidation. Secondary amine group (=N-H) of TMQ turns into nitroxy form
(-NO) and this structure is very effective on anti-oxidation process. In general, amine based antioxidants are
able to form nitroxy radicals in the presence of ambient peroxy radicals, and thus they can trap alkyl radicals
easily in order to terminate auto-oxidation process. This reaction cycle goes on until the nitroxy radicals to
decompose by uneven side reactions.
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Figure 4. Sequential configurations of TMQ over its anti-aging action

Service life of the polymeric material as well as the degradation mechanisms are among the most important
factors to take into account during material design. Polymers are affected by several external factors during
their service life including mechanical, thermal, oxidative, chemical, biological, radiative and electrical factors.
These deteriorative effects may cause further crosslinking, chain scission, chemical degradation and
crystallization depending on the material type, rate and the amount of the deteriorative effect. The most
common degradations result with fracture, change in color, swelling and dimensional changes in the material
(Hulme and Cooper 2012).

Rubbers, due to their viscoelastic structure, exhibit time and temperature-dependent properties during
deformation. For example, elastic modulus of a rubber material decreases when a constant load applied. This
behavior is attributed to the molecules to change their arrangements by time in order to avoid local stress
concentration. That is why the modulus value is measured as lower for short-term tests compared to long-term
tests. Due to such time-dependent response, service life of the rubbers can only be measured for realistic test
conditions and for a meaningful time period. However, such long tests are not practical of course; those
properties reflecting the service life of the material need to be predicted by using well-defined models instead
(Instruments n.d.). Service life or life-time prediction of the polymers are usually performed by employing
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accelerated aging tests to let aging reactions occur in a shorter time period at higher temperatures (Celina,
Gillen, and Assink 2005). In this method, test samples are exposed to gradually increasing temperatures and
the related properties are monitored over time for all the test temperatures to figure out the degradation reaction
(aging) kinetics (Hulme and Cooper 2012). Arrhenius method (ISO 11346, Rubber, vulcanized or
thermoplastic — Estimation of life-time and maximum temperature of use), which is used in this study, is the
most common and practical method to evaluate the relation between temperature and thermo-oxidative
degradation reaction rate of the polymers (Huy and Evrard 1998). Very well-known Arrhenius equation is
given in Equation 1.1, where K is the reaction rate constant at temperature T, A is the frequency factor, Ea is
the reaction activation energy and R is the universal gas constant (Woo and Park 2011).

—Ea

Ky = AeRT (1.1)

According to Arrhenius approach, rate of degradation reaction can be measured by following a specific
property over time. In this approach, it is basically assumed that a specific level of change (due to degradation)
in the related property at a relatively low temperature occurs in shorter time at higher degradation temperatures.
Firstly, at least one specific property is selected to follow considering the expectations from the material on its
service. Initial value of the property is recorded as the reference. Then the material test samples are subjected
to thermal aging at three or more elevated temperatures, which the lowest one is at least 30°C higher than the
expected service temperature of the material. Samples are tested over time with adequate intervals for each
aging temperatures. For example, measurements should be performed more frequent for relatively high aging
temperatures due to the fact that the service life will over earlier in this case. Threshold for service life or life-
time of the material is usually defined as the time to loss half of the selected property, but the better is to
consider the expectations from the material in more detail and then to define life-time threshold for individual
cases. In Arrhenius model, all the test results for an aging temperature are evaluated to calculate the reaction
rate constant for that temperature. Then, activation energy of the aging reaction is calculated with the rate
constants obtained for different aging temperatures and used to extrapolate to time, that is called life-time of
the material, to reach the same threshold at service temperature. Arrhenius method is also described in detail
in 1ISO 11346.

In this study, thermal aging behavior of EPDM based samples, which were prepared by using various curing
systems, with and without TMQ. Rheological, mechanical and structural properties were studied and life-time
of these samples were calculated by using Arrhenius method.

2. Materials and Methods

2.1. Materials

EPDM rubber, Nordel 4770P with the Mooney viscosity (ML [1 + 4] @100°C) of 70+3 MU was purchased
from Dow Chemicals. N550 type carbon black (CB, Omsk Carbon, Russia) was used as reinforcing filler.
Kaolin (Polestar 200R, Imerys) was the other component of the filler system. Paraffinic oil (Petroyag, Turkey)
was selected as process oil for dispersing the fillers in the compound matrix. The other components; zinc oxide,
stearic acid, TMQ, sulfur, dicumyl peroxide, mercaptobenzotiazole disulfide (MBTS), tetramethyl thiuram
disulfide (TMTD) and zinc dibutyldithiocarbamate (ZDBC) were obtained from various suppliers, which
provide raw materials to tyre and rubber industries.

2.2. Methods

Rubber compounds were prepared by using various curing systems; compound formulations are given in
Table 1. Compound codes were designed in order to define curing system and the presence of TMQ. Code “P”
refers peroxide curing system, whereas code “SC” refers conventional sulfur curing system and code “SE”
does efficient sulfur curing system. “T”” in compound code means that the compound also contains 2 phr TMQ
antioxidant. Compounds were prepared in a laboratory type Banbury mixer with 2 L of gross volume.
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Homogenization and shaping the compounds were performed on a two-roll open mill, subsequently. Optimum
curing time and rheological properties of the compounds were measured at 190°C by RADE MR-C3 moving
die rheometer according to ASTM D2084. Compounds were moulded on a hydraulic hot press at the same
temperature for their respective optimum cure times. Standard blades were used to cut the standard test samples
from the vulcanized plaques prior to physical and mechanical characterization. Tensile properties were
measured on a universal test machine (Testometric M350-10CT) according to ASTM D412. Tensile tests were
also performed after thermal aging of the samples in an air-circulating oven operating at 50°C, 70°C, 100°C
and 135°C for respective times to loss prescribed percentage (threshold) of their tensile properties. Tensile
strength and 100% tensile modulus values were followed versus aging time at all the aging temperatures.
According to the Arrhenius approach, life-time threshold of EPDM based rubber materials was assumed as
50% change in 100% tensile modulus after aging.

Unaged and aged sample surfaces were analyzed with Fourier Transform Infrared Spectroscopy (FTIR)
equipped with Attenuated Total Reflection (ATR) configuration. FTIR (Perkin Elmer Spectrum 100 Optica
FT-IR Spectrometer) spectrums were obtained for 650-4000 cm™ with the resolution of 4 cm™ according to
ASTM D3677 and they were used for both gqualitative and quantitative analysis. Periodical carbonyl index (CI)
measurement was performed for following oxidative reactions. Absorption bands of carbonyl groups are
between 1850-1650 cm™ and CI can be calculated by normalizing carbonyl peak to a selected reference peak
in the spectrum. Here, in quantitative analysis, Cl values of all the unaged and aged samples were calculated
by using SAUB (Specified Area Under Band) methodology on ATR-FTIR (Almond et al. 2020).

Table 1
Rubber compound formulations (in phr)
EP EP-T EPSC EPSC-T EPSE EPSE-T

EPDM (NORDEL 4770P) 100 100 100 100 100 100
Carbon black (FEF N550) 70 70 70 70 70 70
Calcinated kaolin 30 30 30 30 30 30
Paraffinic oil 20 20 20 20 20 20
Zinc oxide 5 5 5 5 5 5
Stearic acid 2 2 2 2 2 2
T™MQ 2 2 2
DCP 40 5 5
Sulfur 80 25 25 1 1
ZDBC 1 1 2 2
MBTS 1 1
TMTD 2 2

3. Results and Discussion

3.1. Rheological Properties

Rheological parameters such as minimum and maximum torque values (ML and MH respectively), scorch
time (ts2) and optimum cure time (tso), which were obtained from the cure curves are given in Table 2. Cure
extent (CE) that is related to amount of crosslinks occurred during vulcanization and cure rate index (CRI)
values were calculated from the rheological data and they are also given in Table 2.
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Table 2
Rheological properties of the rubber compounds
ML MH ts2 too CE CRI
(dNm) (dNm) (min) (min) (dNm) (min)

EP 5.49 18.63 0.16 1.00 13.14 119
EP-T 6.19 17.04 0.24 1.15 10.85 110
EPSC 5.88 18.78 0.26 1.25 12.90 101
EPSC-T 5.49 18.65 0.25 1.29 13.16 96
EPSE 5.90 19.70 0.23 1.19 13.80 104
EPSE-T 571 18.41 0.26 1.18 12.70 109

ML value is directly related to the viscosity of the rubber compound and therefore represents processability.
From Table 2, it is seen that all the compounds have similar viscosity. It is expected to have lower cure extent
in the case of an effective protection against thermo-oxidative aging since a powerful antioxidant can act as a
radical scavenger. Indeed, a powerful radical scavenger also inhibits vulcanization reaction by blocking active
crosslinking sites on the polymer chain. This phenomena is a well-known problem in rubber compounding and
requires attention on selecting the appropriate type and amount of antioxidant for getting balanced cure extent
and anti-aging effect (Li et al. 2020).

EP compound, which was prepared with peroxide and no TMQ, shows the highest cure rate and it starts to
vulcanize earlier than the other compounds. Once TMQ is added into the compound (EP-T), both cure initiation
time and optimum cure time increases. One other effect of TMQ on peroxide curing is that it significantly
decreased cure extent. Cure extent, which is also defined as delta torque value, is proportional to crosslinking
degree for a rubber compound (Li et al. 2020). In other words, in the presence of TMQ, less amount of
crosslinks could occur over the same curing time. This could easily be attributed to TMQ to block the peroxy
radicals that occur during peroxide vulcanization and therefore it adversely affects the crosslinking efficiency
(Abdel-Aziz and Basfar 2000; Li et al. 2020). Due to that, EP-T compound showed 10% lower cure rate than
EP compound. The same amount of decrease was also observed for EPSE-T compound, which was prepared
with efficient sulfur curing system and with TMQ. However, there was no remarkable change in cure extent
due to the addition of TMQ when curing system was selected as conventional sulfur (EPSC-T vs EPSC). This
can be attributed to that excessive amount of curative species (sulfur based radicals) were already available in
the reaction media.

3.2. Mechanical Properties

Tensile data of the vulcanizates were collected considering their expected retention for the respective aging
temperatures. All tensile data was used in life-time estimation study. Aging periods were selected as 3 days, 1
week, 3 weeks, 10 weeks and 16 weeks for 50°C whereas the samples were subjected thermal aging for 2 days,
5 days, 1 week, 1.5 week and 2 weeks for 135°C. However, tensile strength values were compared in order to
evaluate their tensile retentions for the same aging period (1 week), which was available for all of the
vulcanizates. Tensile strength of the vulcanizates before (original) and after thermal aging for 1 week at various
temperatures are given in Figure 5, Figure 6, and Figure 7. Aging conditions were selected as practical
maximum service temperature of the material. When the original tensile strength values are evaluated, a slight
decrease was observed and it was attributed to lower crosslinking level due to the presence of antioxidant. This
finding shows a good correlation to the literature that some of the free radicals on peroxide vulcanization are
terminated by antioxidant species resulting with deteriorated mechanical properties (Li et al. 2020). However,
when the amount of decrease in tensile strength is compared within each vulcanization system, there could not
be seen a linear trend. This finding can readily be attributed to different overall crosslink structures occurred
during the selected vulcanization systems in this study. The highest original tensile strength values belong to
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the EP samples and it was followed by EPSE samples. The lowest tensile strength values were measured for
conventional sulfur vulcanization system unlikely that was given in literature for natural rubber and
chloroprene rubber, which had basic isoprene structure (Yahya, Azura, and Ahmad 2011). For peroxide
vulcanization, TMQ could significantly reduce retention in tensile strength of the vulcanizates, which were
subjected to thermo-oxidative aging. This was more pronounced for relatively high aging temperatures. In
contrast to the expectations, an equivalent protection could not be obtained for sulfur vulcanization.

EP EP-T

sre I Lo ed I Unaged
20 [0 Aged for 1 week, . s e -~ . [ Aged for | week

5 10

Tensile Strength [MPa]
¢ =)
Tensile Strength [MPa]

Figure 5. Tensile strength values of EP and EP-T vulcanizates before and after thermo-oxidative aging

EPSC EPSC-T

naf B nagcd
20 [ Aged for 1 week 20 [ Aged for | week

Tensile Strength [MPa]
=
Tensile Strength [MPa]

Figure 6. Tensile strength values of EPSC and EPSC-T vulcanizates before and after thermo-oxidative aging
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Figure 7. Tensile strength values of EPSE and EPSE-T vulcanizates before and after thermo-oxidative aging

3.3. Life-Time Estimation

To correlate long-term behaviour, theoretical life-time of the EPDM-based materials prepared with various
vulcanization systems was estimated according to Arrhenius approach. For this purpose, 100% modulus values
of the vulcanizates were monitored after aging for specified periods at T:=150°C, T>=135°C, T3=100°C, and
T4=70°C. The time that corresponds to 50% change in the 100% tensile modulus of respective samples was
considered as life-time threshold. Time data for all the aging temperatures was recorded as t1, t», tzand ta, where
ti represents the time corresponding to the threshold modulus value at T;. Although they were reported by
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means of tensile retention in Figure 5, Figure 6 and Figure 7, aging at 50°C was not included in life-time
estimation study due to extremely long aging time to reach the life-time threshold. Aging activation energy
(Ea) was calculated separately for all the aging temperatures according to the Arrhenius equation (Eqg. 1.1).
Then, Eawas placed into the equation 3.1 given below, which was obtained by processing Eq. (1.1) in order to
yield the rate constant of the aging reaction at any temperature. Here, expected service temperature (Ts) was
selected as 25°C (298.15 K) and then the reaction rate constant (Kt) was used to calculate estimated life-time
(ts) of the sample at Ts. Activation energy values corresponding to thermo-oxidative aging reaction for all the
vulcanizates are shown in Figure 8 and the calculated life-times are in Figure 9.

Ea
RTs

In(Ky) = B — (3.1)

Activation Energy [kJ/mol]

EP EP-T  EPSC EPSC-T EPSE EPSE-T

Figure 8. Activation energy for the aging reaction (kJ/mol)

50

40

Life-time Estimation [year]

L Wﬂﬂﬂ

EP EP-T  EPSC EPSC-T EPSE EPSE-T

Figure 9. Estimated life time according to Arrhenius approach (in Years)

As it can be seen from the figures, the lowest activation energy was calculated for the case of peroxide
vulcanization. Besides, TMQ was clearly found to improve estimated life-time of the peroxide-cured EPDM
material about 4-folds by increasing aging activation energy. In spite of the fact that efficient sulfur
vulcanization system could not yield good original mechanical strength compared to peroxide system, EPSE
sample was found to have the longest life-time among all non-TMQ vulcanizates. Besides, addition of TMQ
to that sample could almost double the life-time of the material (EPSE-T). It was concluded that, TMQ could
increase aging activation energy for all of the vulcanization systems but it could improve less the conventional
sulfur vulcanization system regarding life-time of the vulcanizates. As a result of the above evaluations, the
main approach is to define a useful service life for the material rather than to find the time that corresponds to
failure of the material. Therefore, the results can be used for comparing long-term behaviour of the materials,
relatively. By using the same approach, it is available to predict life-time of rubber materials with different
composition for another specified property and another threshold value.

3.4. FTIR Analysis

FTIR analysis is a practical method to investigate basic structural changes in rubber materials over aging
in various conditions (Sanches et al. 2015). In this study, ATR-FTIR spectra of the vulcanizates over different
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aging times at various temperatures was monitored to investigate anti-aging performance of TMQ for various
curing systems as well as the aging mechanism. Spectral characterization was performed for the range of 1000—
4000 cm™. The relative FTIR spectra of all the vulcanizates were examined; one (EP) was shown in Figure 10
as an example. Changes in the oxygen containing functional groups -OH and C=0 over thermo-oxidative aging
were also shown in Figure 10. It is expected absorption band and the intensity of these species to increase over
the aging period, which is initiated by oxygen attack to the polymer main chain (Almond et al. 2020; Ooi,
Ismail, and Bakar 2013). A high intensity of the peak in the range of vibrations is explained with the eclipse
for -OH and C=0 groups.
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Figure 10. ATR-FTIR spectrum of EP over aging at 50°C

Figure 11 depicts structural changes in EP sample before and after aging for 3 and 30 days at 135°C.
Characteristic peaks of EPDM are defined on the spectra given in the figure. 3355 cm™ peak in Figure 11
corresponds to the stretching vibration of -OH. The two peaks, which exhibit decreasing intensity, one at 2925
cmt corresponds to the asymmetric stretching vibrations of methylene group whereas the other one at 2854
cmtis related to the symmetric stretching vibrations of the same group on the saturated hydrocarbon backbone
(Z.-N. Wang et al. 2020). Two new peaks at 1640 cmtand 1595 cm™* were observed after aging. The one at
1640 cm™ corresponds to the stretching vibrations of the carbonyl group (C=0), and the other one at 1595
cmtcan be assigned to C=C stretching vibrations (Z.-N. Wang et al. 2020). The peaks at 1464 cmtand 1377
cmtare due to the bending vibration of CH, groups and the symmetric C-H stretching vibration of methyl,
respectively (Li et al. 2020). In Figure 11, it can clearly be seen the absorbance of the peaks at 3355 cm™2, 1640
cmand 1595 cmtincrease indicating the higher concentration of the corresponding functional groups during
thermo-oxidative aging.
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Figure 11. ATR-FTIR spectrum of EP over aging at 135°C

Since the carbonyl groups are known as the most indicative oxidation product, “carbonyl index (CI)” is a useful
tool to determine extent of thermo-oxidative aging of EPDM based vulcanizates (Bouguedad et al. 2015). In
this study, SAUB-CI (Specified Area Under Band-Carbonyl index) method has been used for quantitative
analysis of the ATR-FTIR spectrum. Cl was calculated by comparing the integration of 1850 to 1650 cm™
band absorbance (C=0) to that of -CH,- scissoring peak from 1500 to 1420 cm™. The related expression for
calculating Cl is given in Equation (3.2) (Almond et al. 2020). Integration of the band absorbance, which is
the area under the band, was calculated by using peak analysis tool of PerkinElmer Spectrum 10 Spectroscopy
Software.

Area under band 1850 cm—1-1640 cm—1 (3 2)

Carbonyl index (CI) =

Areaunder band ;o0 cm=1-1420 cm—1

Carbonyl index values of all the vulcanizates were calculated over aging at 135°C and the results are given in
Figure 12. A systematic increase in the concentration of C=0 groups is clearly seen for all the samples as
expected. However, TMQ showed a positive effect on protecting the vulcanizates against thermo-oxidative
aging. This is more prominent for peroxide cured EPDM compound (EP-T), especially for long aging periods.

CI-SAUB (Carbonyl Index) @135 C

—a—EP- ® -EP-T—— EPSC- @ -EPSC-T
—&— EPSE- & - EPSE-T

Normalized Peak Intensity

Unaged 3 days 7 days 30 days

Figure 12. Calculated carbonyl index (CI) of the vulcanizates during aging at 135°C
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4. Conclusion

In this study, TMQ, which is a very common and commercially available antioxidant for industrial rubber
applications, has been evaluated regarding its anti-aging effect on various curing systems. Arrhenius method
(1SO 11346, Rubber, vulcanized or thermoplastic — Estimation of life-time and maximum temperature of use),
which is widely used for characterizing industrial rubber goods, has also been used for predicting life-time of
the compounds prepared with and without antioxidant. TMQ has found to be an effective agent for stabilizing
EPDM based rubber compounds against thermo-oxidative aging, especially for long aging periods. Degree of
stabilization depends strictly on the curing system. Due to the fact that different crosslink types occur in
different amounts with peroxide and sulfur curing systems makes it harder to evaluate individual effect of
TMQ on rheological and mechanical properties. However, it was concluded that TMQ could increase aging
activation energy for all the vulcanization system studied and therefore longer useful life-time for the
vulcanizates could be obtained. Significantly lower cure extent along with longer cure time for peroxide system
in the presence of TMQ was attributed to radical scavenging activity that also indicated a powerful antioxidant.
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Oz — Dinamik ve siirekli biiyiiyen gida sektorii personellerinin bireysel hijyen davramslari, gida giivenliginin yam sira bulagict
hastaliklarin (6zellikle de koronaviriis hastalig1) salgin boyutuna ge¢mesinde 6nemlidir. Bu ¢aligmada, salgin sirasinda, gida
sektorii personellerinin saglik ve gida giivenligi hakkinda bilgi ve tutumlari ayrica bu salginin farkindaligina etki eden hijyen
kriterleri incelenmistir. Canakkale ilinde gida sektorii ¢alisanlari ile 01.11.2022—01.12.2022 tarihleri arasinda 42 ifadeyi igeren
anket ¢aligmasi gergeklestirilmistir. Olasiliksiz 6rnekleme ile segilen 124 personelin anket verileri, literatiirde konuyla ilgili 6n-
ceki ¢aligmalarla karsilastirilmistir. Katilimeilarin %31,5' 26-35 yag araligindadir. Katilimceilari %48,4'i lise diizeyinde egitim
seviyesine sahiptir. Katilimcilarin %56,5°1 sigara kullanmamaktadir. Katilimcilarm %73,4°1 hijyen egitimi almamus,
%72,6’s1in1n ise ¢ocugu yoktur. Arastirma sonuglarma goére, medeni durum, yas, egitim diizeyi, hijyen egitimi alma ve ¢ocugu
olma degiskenlerinin salgin hastalik farkindalig1 ve bireysel hijyen davranisi tizerinde olumlu yonde etkisi oldugu belirlen-
mistir. Saglik ve gida giivenligi egitimi ile gida sektorii personellerinin hijyen tutum ve davranisi i¢in kendi beyanlarina dayali
uygulamalarini iyilestirmek, gida sektoriiniin durumunu iyilestirebilir ve toplum sagligi i¢in bulasici salgin hastaliklari en aza
indirebilir. Bu nedenle, politika yapicilarin gida sektoril igveren ve personelleri igin siirekli gida giivenligi ve bireysel hijyen
egitimi igin gevrimigi bir sistem tasarlamalarina acil bir ihtiyag vardir.
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Research Article

Abstract — The personal hygiene behaviors of the dynamic and ever-growing food sector personnel are important for food
safety, as well as for infectious diseases (especially coronavirus disease) to reach epidemic proportions. In this study, the
knowledge, and attitudes of the food sector personnel about health and food safety during the epidemic, as well as the hygiene
criteria that affect the awareness of this epidemic, were examined. A survey was conducted with food sector employees in Ca-
nakkale between 01.11.2022 and 01.12.2022, including 42 statements. Survey data of 124 personnel selected by improbable
sampling were compared with previous studies on the subject in the literature. 31.5% of the participants are between the ages of
26-35. 48.4% of the participants have a high school education level. 56.5% of the participants do not smoke. 73.4% of the
participants did not receive hygiene training, and 72.6% did not have children. According to the results of the research, it was
determined that the variables of marital status, age, education level, getting hygiene education and having a child had a positive
effect on epidemic awareness and individual hygiene behaviour. Improving the health and food safety education and self-declared
practices of food industry personnel for hygiene attitudes and behaviour can improve the situation of the food industry and
minimize communicable epidemics for public health. Therefore, there is an urgent need for policy makers to design an online
system for continuing food safety and personal hygiene education for food industry employers and staff.
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1. Giris

Birgok igletmede personellerinin yeme i¢gme ihtiyacini karsilayan yemekhane boliimleri, ¢ok dinamik ve
siirekli aktif isyeri eklentileridir. Ozellikle, koronaviriis (COVID-19) salgim sirasinda, gida giivenligi bu
isletmeler i¢in en 6nemli 6ncelik olmalidir (Angulo & Jones, 2006). COVID-19 salgini ile, bu birimler kendini
organize etme miicadelesi vermekte ve hem gida iireticilerinin hem de gida tiiketicilerinin sagligini korumaya
calismaktadir (WHO, 2020). COVID-19 gida kaynakli bir viriis degildir ve gida da yasayamaz veya gelisemez.
Ancak, COVID-19 bulagmis bir kigiyle temas eden biri, uygun hijyen ve dnlemler olmadan yiyeceklerle
ugrasirsa enfekte olabilir. Ayrica 60°C'de en az 30 dakika 1sitma islemi SARS gibi viriislerin 6ldiiriilmesinde
etkilidir (Duda-Chodak vd., 2020). Gida calisanlar1 oksiirme, konusma, nefes alma, hapsirma veya sarki
sOyleme yoluyla viriisii yayabilir (Baier vd., 2020). Ttim bu faaliyetler, cevreleyen havaya yansitilan patojenler
icerdiginde bulasici bir aerosol olusturabilir. Hem burundan hem de agizdan disar1 verilen havanin,
restoranlardaki miisteriler ve personel de dahil olmak iizere yakinlarda duran diger kisilerin solunum
bolgesinde hava ile karigabileceginden siiphelenilmektedir (Tang vd., 2006). Viriis, enfekte bir kisinin viicut
sivilariyla dogrudan temas yoluyla veya dolayli olarak ksiirme veya hapsirma parcaciklartyla kirlenmis
yiizeylerle temas yoluyla bulasir. Bu nedenle, gida isleyicileri, el hijyeni ve maske takma basta olmak {izere
hijyen maddelerine dikkatle uymalidir (Kingdom GotU, 2020). Hijyen, genel olarak bireylerin sagligina zarar
verebilecek ortamlardan korunmasi i¢in yapilan her tiirlii calisma olarak tanimlanan eski bir kavramdir
(Nurudeen & Toyin, 2020). Gida isleme personelinin sagligin1 yakindan izlemek ve tiim enfekte kisileri,
ozellikle de hastalik belirtisi gostermedigi halde viriisiin tasiyicilarini tespit etmek ve bdylece yayilmasini
onlemek de 6nemlidir (Feng, 2020). Herhangi bir diizeyde yanlis kullanim, COVID-19 salginlarinin ortaya
¢ikmasina veya yayilmasina katkida bulunabilir. Gida isleyicilerinin, gida giivenligini artirmak ve gida
endiistrisindeki uzun vadeli faydalari paylasmak i¢in uygun sekilde egitilmesi ¢cok onemlidir (Egan vd., 2007).
Siirekli uygulamali egitimle, kirlenen gidalar1 yemekten kaynaklanan risklerin yayginligi en aza indirilebilir
(Soon, Baines & Seaman, 2012). Uygun saglik ve gida giivenligi egitimi, COVID-19 salgmimin oranini
azaltmak i¢in esastir (Olaimat vd., 2020). COVID-19 salgini egitim sistemlerinde de farkliliga neden olmustur
(Dalyan vd., 2021). Teknolojik gelismelerin de katkisiyla saglik hizmetlerinin gelismesi hastaliklarin etkisini
azaltmada etkili olmustur. Ancak 6zellikle kiiresel boyuttaki salginlara neden olan durumlarin kavranmasi
hastaliklarin engellenmesi konusunda en 6nemli adimdir (Tirken & Kose, 2020). Yiyeceklerin tedarik¢iden
temin edilmesinden servis edilmesine kadar gegen siire icerisinde yemekhanenin genel hijyeni yani sira ¢aligan
personellerin kigisel hijyenleri onem arz etmektedir (Yildirim, 2014). Konu hakkinda hijyen egitimi alma
zorunlulugu gibi kanuni yiikiimlilikler (Hijyen Egitimi Yonetmeligi, 2013) getirilmis olsa da ozellikle gida
sektorii personellerinin hasta oldugu durumlarda enfeksiyonu yiyeceklere tasiyabilmekte ve bu durum sonucu
toplu hastaliklar ortaya ¢ikabilmektedir (Ytcel, 2000). Diinyanin kiiresellesmesi neticesinde salgin
hastaliklarin ortaya ¢ikmasi ve yayilma hizinin daha yiiksek olmasi bilim insanlari tarafindan yayinlanan
raporlarda belirtilmistir (Ozsahin & Aribas, 2021). Tedavisi bulundugu ve salgmin ortadan kalktig: diisiiniilen
hastaliklarin bile insan hayatini tehdit ettigi bir gergektir. Yapilan arastirma ve ¢aligmalara ragmen salgin
hastaliklarin nerede, ne zaman ve hangi durumlarda ortaya ¢ikacagi heniiz 6ngdriilememektedir. Bu sebeple
bireylerin salgin hastaliklar konusunda farkindaliklarinin siirekli olarak yiiksek tutulmasi gereklidir.

Literatiirde Ogrenciler tizerinde bireysel hijyen tutumlari, hijyen davraniglari aragtirmalar1 (Bozeli, 2018;
Tagkiran, Khorshid & Sari, 2019) mevcut olmasinin yani sira mutfak ¢aliganlarinin da is motivasyonu ve hijyen
davraniglarinin incelendigi arastirmalar mevcuttur (Simsek & Sen, 2020). COVID-19 salgin siirecinde genel
ve kisisel hijyen (Ugurlu-Kalkan vd., 2020; Cigek, Sahin & Erkal, 2021), salgina kars1 tutum (Ozsahin &
Aribas, 2021) ve gida giivenliginin incelendigi arastirmalar da mevcuttur (Tosun vd., 2022). Ancak
isyerlerinde yemek iiretiminin gergeklestirildigi boliimlerde gorevli personellerin hijyen davranislari ve
COVID-19 gibi salgin hastaliklara kars1 farkindaliklarinin incelendigi aragtirma mevcut degildir.

Bu caligmada, Canakkale ilinde gida sektoriinde gorev alan personellerin salgm hastalik farkindaligi ve
bireysel hijyen davranislarin1 6lgmek amaciyla toplam 47 soru sorulmustur. Calisma verileri Sosyal Bilimler
igin Istatistik Programi (SPSS) 24.0 progranu ile analiz edilmistir. Arastirma sonuglari literatiirde yer alan
benzer arastirma sonuglart karsilastinlmis ve gida sektorliinde gorevli personellerin hijyen algilarim
yiikseltecek kriterler hakkinda oneriler sunulmustur.
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Bu arastirma, 2022 Kasim-Aralik aylari icinde Canakkale ilinde gida sektoriinde ¢alisan personellerin goriigleri
ile siirhidir. Genelleme yapilirken evren-6rneklem sinirlamasina dikkate alinmalidir.

2. Materyal ve Yontem

2.1. Arastirmanin Amaci ve Modeli

Bu ¢alismanin amaci, gida sektoriinde gorevli personellerin salgin hastalik farkindaligina etki eden bireysel
hijyen davranislarinin tespit edilmesine yoneliktir. Bu amag¢ dogrultusunda gida sektoriinde gorevli personeller
ile anket yoluyla veri toplanmigtir. Kullanilan ankette yer alan ifadeler Biiyiikbese ve Dikbas (2021) ile Giil
ve Kose (2020) tarafindan hazirlanmis olup, dlgekler kendi galismamiza uyarlanmistir. Arastirmada kullanilan
anket sorular1 EK-1'de verilmistir.

Calisma i¢in 31/10/2022 tarih ve E-84026528-050.01.04-2200252770 ile Canakkale Onsekiz Mart
Universitesi Lisansiistii Egitim Enstitiisii Etik Kurulu tarafindan onay alinmistir.

Bu calismada asagida yer alan arastirma sorularina cevaplar aranmistir:

* Gida sektorii personellerinin bireysel hijyen davranig diizeyleri calisanlarin demografik ozellikleri
bakimindan farklilik gostermekte midir?

* Gida sektorii personellerinin salgin hastalik farkindalik diizeyleri c¢alisanlarin demografik o6zellikleri
bakimindan farklilik géstermekte midir?

* Gida sektorli personellerinin salgin hastalik farkindalik diizeylerini bireysel hijyen davranig diizeyleri
etkilemekte midir?

2.2. Evren ve Orneklem Secimi

Arastirmanin evrenini, Canakkale merkezinde gida sektoriinde goérev yapan personellerin tamami
olusturmaktadir. Orneklem biiyiikliigii tespitinde ise madde analizi kullanilmistir. Arastirma hedef yanitlayici
kitlesine yoneltilen anket ifadesi sayis1 47 oldugu i¢in Kline (1994)’ e gore katilimci sayisi en az 94 (2 kati)
en fazla 470 (10 kat1) olmalidir. Rastgele 6rneklem yonteminden seckisiz 6rnekleme yontemi kullanilarak 130
gida sektorii personeline ulagilmistir (Yildiz, 2011). Hatali ve eksik bilgileri bulunan 6 anket analiz siirecine
dahil edilmemistir. Sonug olarak arastirmamizin érneklemini 124 birey olusturmustur.

2.3. Veri Toplama Araglari

Bu ¢alismada, katilimcilarin salgin hastalik farkindalig Biiyiikbese ve Dikbas (2021) tarafindan hazirlanan
COVID-19 farkindalik gelistirme 6lgegi (COVFO), bireysel hijyen davranslari ise Giil ve Kose (2020)
tarafindan hazirlanan hijyen davramslari belirleme dlcegi (HDO) baz almarak drneklem ve arastirma mekani
gozetilerek kendi ¢calismamiza uyarlanmistir. Her iki 6lgek i¢inde 5°1i tip Likert 6lgek kullanilmis olup cevaplar
Kesinlikle Katilmiyorum (1) ile Kesinlikle Katiliyorum (5) arasinda toplanmistir. Katilimcilarin bireysel
ozelliklerinin tespiti amaciyla ankette 8 adet soru yer almaktadir. Gelistirilen 6lgek uzman goriisleri ile son
halini almis ve calisanlara yiiz ylize uygulanmistir. 20 personel ile yapilan pilot ¢aligma neticesinde 6lgek
giivenirligini diisliren madde olmamasi nedeniyle revizyona ihtiyag duyulmamistir. 20 bireyin cevapladigi
pilot verilerde arastirmaya eklenerek calisma tamamlanmigtir. Aragtirmanin verileri 01.11.2022-01.12.2022
tarihleri arasinda edinilmistir.

2.4. Verilerin Islenmesi ve Analizi

Arastirmada kullanilan 6l¢eklerin giivenilirligi icin SPSS programu ile gergeklestirilen analiz sonucunda 21
ifadeden olusan COVFO giivenilirligi 0.893, Barlett’s testi sonucu 0.000 ve Kaiser-Meyer-Olkin (KMO)
Ol¢tim degeri 0.801 olarak bulunmustur. Arastirmada kullanilan 6lgeklerin gegerliligi icin yapilan faktdr analiz
sonucunda COVFO anketinin 6 faktore sahip oldugu ve toplam varyansin 73.53’{inii agikladig1 belirlenmistir.
26 ifadeden olusan HDO giivenilirligi 0.878, Barlett’s testi sonucu 0.000 ve KMO 6l¢iim degeri 0.762 olarak
bulunmustur. Faktor analiz sonucunda HDO anketinin 8 faktdre sahip oldugu ve toplam varyansin 74.46’sin1

954



Journal of Advanced Research in Natural and Applied Sciences 2023, Cilt 9, Say: 4, Sayfa: 952-963

acikladigi belirlenmistir. KMO degerlerinin 0.60’tan daha yiiksek bulunmasi ¢alisma ornekleminin yeter
biiyiikliikte oldugunu gostermektedir (Cokluk, Sekercioglu & Biiyiikoztiirk, 2012).

Normallik varsayimi saglanan veriler ile katilimcilarin kisisel 6zellikleri arasinda anlamli farkliliklarin olup
olmadiginin tespiti i¢in parametrik grupta yer alan analiz metotlar1 kullanilmistir (Eymen, 2007). Anlamli
farklilik bulunan degiskenler arasindaki iliskinin diizeyinin belirlenmesinde ise Cohen (d) (Kayri, 2009) ve
eta-kare (n?) etki bilyiikliigii katsayilar1 hesaplanmigtir. Cohen d etki biiyiikliigii; 0.2 ile 0.5 arasinda kiigiik,
0.5 ile 0.8 arasinda orta, 0.8 ile 1 arasinda biiyiikk ve 1'den biiylikse ¢ok biiyiik etki olarak yorumlanmistir
(Kilig, 2014). Eta-kare etki biiylikliigii ise; 0.01'den kiigiikse ¢ok kii¢iik, 0.01 ile 0.06 arasinda kii¢iik, 0.06 ile
0.14 arasinda orta ve 0.14'ten biiyiikse biiyiik etki olarak yorumlanmustir (Biyiikoztiirk, Cokluk ve Kokli,
2006).

3. Bulgular ve Tartisma

Katilimeilarin kisisel 6zelliklerinin frekans (f) ve yiizdeleri (%) Tablo 1’de verilmistir.

Tablo 1
Katilimcilarin kigisel dzelliklerinin frekans ve yiizdeleri
Demografik Ozellikler f %

Cinsiyet Kadin 55 444
Erkek 69 55.6
. Evli 70 56.5
Medeni Durum Bekir 54 435
18-25 yas aralig1 21 16.9
26-35 yas aralig1 39 31.5
Yas 36-45 yas aralig1 31 25.0
46-55 yas aralig1 16 12.9
56 yas ve lizeri 17 13.7
[Ikdgretim 15 121
Ortadgretim 16 12.9
Egitim Diizeyi Lise 60 48.4
On Lisans 33 26.6

Lisans 0 0.0

Asc1 3 2.4

Gérevi Asc1 Yardimcisi 6 4.8
Servis Gorevlisi 45 36.3
Temizlik Gorevlisi 70 56.5
. Evet 54 43.5
Sigara Kullanma Durumu Hayir 20 56.5
Hijyen Egitimi Alma Durumu IE{\:;H gi’ ?gg
Cocugu Olma Durumu ¥gL gg %g

Tablo 1’e gore, Katilimcilarin %55.6°s1 erkek, %56.5°1 evlidir. Katilimcilarin %31.5°1 26-35 yas araligindadir.
Katilimeilarin %48.41 lise diizeyinde egitim seviyesine sahiptir. Katilimcilardan 3’ (%2.5) as¢1, 6°s1 (%4.8)
as¢1 yardimcist, 45’1 (%36.3) servis gorevlisi ve 70’1 (%56.5) temizlik goérevlisi olarak firmada goérev
almaktadir. Katilimcilarin %56.5°1 sigara kullanmazken %43.5°1 sigara kullanmaktadir. Katilimcilarin biiyiik
cogunlugu (%73.4) hijyen egitimi almigtir. Katilimeilarin %72.6’smin ise ¢ocugu vardir.

HDO ortalamasinin medeni durum, hijyen egitimi alma durumu ve ¢ocugu olma durumu degiskenlerine gore
Bagimsiz Degisken t-Testi sonuglar1 Tablo 2°de verilmistir.
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Tablo 2
HDO ortalamasinin medeni durum, hijyen egitimi alma durumu ve ¢ocugu olma durumu degiskenlerine gére
Bagimsiz Degisken t-Testi sonuglari

Degisken Gruplar N X Sd S.E.mean t p d
Evli 70  3.88 0.30 0.03

Medeni Durum 7.557 0.000" 141
Bekar 54  3.26 054  0.07
Evet 33  4.00 0.26 0.04

Hijyen Egitimi 7451  0.000°  1.31
Hay1r 91 3.46 0.52 0.05
Var 34 401 0.26 0.04

Cocugu Olma 7.776 0.000" 1.38
Yok 90 345 0.51 0.05

Tablo 2’ye gore, evli personellerin HDO ortalamas1 X = 3.88 + 0.03, bekar personellerin ise X = 3.26 +
0.07’dir. T testi sonuglarma gore, HDO ortalamasi ile medeni durum degiskeni arasinda evli katilimcilardan
yana bir farklilik vardir (t= 7.557, p<0.05). Cohen d (d = 1.41) etki biiyiikliigi katsayisina gore, evli olma
durumu HDO ortalama degerine etkisi ¢ok yiiksek diizeydedir.

Hijyen egitimi alan personellerin HDO ortalamas1 X = 4.00 + 0.04, almayan personellerin ise X = 3.46 +
0.05°tir. T testi sonuglarma gore, HDO ortalamast ile hijyen egitimi alma durumu degiskeni arasinda hijyen
egitimi alan katilimcilardan yana bir farklilik vardir (t= 7.451, p<0.05). Cohen d (d = 1.31) etki biiytkliiga
katsayisina gore, hijyen egitimi alma durumu HDO ortalama degerine etkisi ok yiiksek diizeydedir.

Cocugu olan personellerin HDO ortalamasi X = 4.01 £ 0.04, olmayan personellerin ise X = 3.45 + 0.05’tir. T
testi sonuglarina gore, HDO ortalamasi ile gocuk olma durumu degiskeni arasinda cocugu olan katilimeilardan
yana bir farklilik vardir (t= 7.776, p<0.05). Cohen d (d = 1.38) etki biiyiikliigii katsayisina gore, ¢ocuk olma
durumu HDO ortalama degerine etkisi ¢ok yiiksek diizeydedir.

HDO ortalamasinin yas ve egitim diizeyi degiskenlerine gore Tek Yonlii Varyans analizi (ANOVA) sonuglari
Tablo 3’te verilmistir.

Tablo 3
HDO yas ve egitim diizeyi degiskenlerine gore ANOVA sonuglar
Degisken Gruplar N X Sd V.K.  KT. KO. F p n?
1 21 285 0.54
5 39 355 035 G.A. 18.040 4.510
Yas 3 31 377 031 33.711 0.000° 0.53
4 16 3.97 027 G.L 15920 0.134
5 17 4.03 0.25
6 15 257 035
7 16 321 0412 G. A 26123 8.708
Egitim Diizeyi 8 60 3.73 0.12 133.344  0.000" 0.76
9 33 405 038 G.I. 7.836 0.065
10 0 0.00 0.00

(1)= 18-25 yas arasi, (2)=26-35 yas arasi, (3)= 36-45 yas arasi, (4)= 46-55 yas arasi, (5)= 56 yas lizeri, (6)=
[kdgretim, (7)= Ortadgretim, (8)= Lise, (9)= On Lisans, (10)= Lisans
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Tablo 3’e gore, HDO ortalamasi ile yas degiskeni arasinda farklilik gdzlenmistir [Fu-119= 33.711, p<0.05].
Anlamli farkin yas gruplari arasinda biiyiikten kiigiige dogru oldugu belirlenmistir. Eta-kare (n?= 0.53) etki
biiyiikliigiine gore ise yas degiskeninin HDO ortalamasina etkisi yiiksek diizeydedir.

HDO ortalamast ile egitim diizeyi degiskeni arasinda farklilik gozlenmistir [F.120= 133.344, p<0.05]. Anlaml1
farkin egitim diizeyi artisina bagh olarak artt1§1 belirlenmistir. Eta-kare (n?= 0.76) etki biiyiikliigiine gore ise
egitim diizeyi degiskeninin HDO ortalamasina etkisi yiiksek diizeydedir.

COVFO ortalamasinin medeni durum, hijyen egitimi alma durumu ve ¢ocugu olma durumu degiskenlerine
gore Bagimsiz Degisken t-Testi sonuglar1 Tablo 4’te verilmistir.

Tablo 4
COVFO ortalamasmin medeni durum, hijyen egitimi alma durumu ve ¢ocugu olma durumu degiskenlerine
gore Bagimsiz Degisken t-Testi sonuglari

Degisken Gruplar N X Sd S.E.mean t p d
— Evli 70  3.89 0.30 0.03

Medeni Du 11410  0.000" 212
rum Bekar 54  3.04 0.48 0.06
Evet 33 417 0.20 0.03

Hijyen Egitimi 14.278  0.000" 2.43
Hayir 91 3.29 0.47 0.05
Var 34 415 0.20 0.03

Cocugu Olma 14082  0.000" 2.40
Yok 90 3.28 0.47 0.05

Tablo 4’e gore, evli personellerin COVFO ortalamasit X = 3.89 + 0.03, bekar personellerin ise X = 3.04 +
0.06°dir. T testi sonuglarina gore, COVFO ortalamas ile medeni durum degiskeni arasinda evli katilimeilardan
yana bir farklilik vardir (t= 11.410, p<0.05). Cohen d (d = 2.12) etki biiyiikliigii katsayisina gore, evli olma
durumu COVFO ortalama degerine etkisi ¢ok yiiksek diizeydedir.

Hijyen egitimi alan personellerin COVFO ortalamas1 X = 4.17 + 0.03, almayan personellerin ise X = 3.29 +
0.05°tir. T testi sonuglarina gére, COVFO ortalamasi ile hijyen egitimi alma durumu degiskeni arasinda hijyen
egitimi alan katilimcilardan yana bir farklilik vardir (t= 14.278, p<0.05). Cohen d (d = 2.43) etki biiytkliigi
katsayisina gore, hijyen egitimi alma durumu COVFO ortalama degerine etkisi ¢ok yiiksek diizeydedir.

Cocugu olan personellerin COVFO ortalamasi X = 4.15 + 0.03, olmayan personellerin ise X = 3.28 + 0.05 tir.
T testi sonuglarma goére, COVFO ortalamasi ile cocuk olma durumu degiskeni arasinda ¢ocugu olan
katilimcilardan yana bir farklilik vardir (t= 14.082, p<0.05). Cohen d (d = 2.40) etki biiyiikliigii katsayisina
gore, cocuk olma durumu COVFO ortalama degerine etkisi ¢ok yiiksek diizeydedir.

COVFO ortalamasinin yas ve egitim diizeyi degiskenlerine gore ANOVA sonuglar1 Tablo 5’te verilmistir.
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Tablo 5
COVFO yas ve egitim diizeyi degiskenlerine gore ANOVA sonuglari
Degisken Gruplar N X Sd VK. KT. KO. F p n?
1 21 285 054
5 39 355 035 G.A. 34927 8732
Yas 3 31 377 031 181.949  0.000" 0.85
4 16 397 027 G.I. 5711 0.048
5 17 403 0.25
6 15 257 035
7 16 321 012 G.A. 24062 8.021
Egitim Diizeyi 8 60 3.73 0.12 58.063 0.000° 0.59
9 33 405 038 G.1I 16.576  0.138
10 0 0.00 0.00

Tablo 5’e gore COVFO ortalamasi ile yas degiskeni arasinda farklilik gdzlenmistir [F.119= 181.949, p<0.05].
Anlaml farkin yas gruplari arasinda biiyiikten kii¢iige dogru oldugu belirlenmistir. Eta-kare (n?= 0.85) etki
biiyiikliigiine gore ise yas degiskeninin COVFO ortalamasina etkisi yiiksek diizeydedir.

COVFO ortalamas: ile egitim diizeyi degiskeni arasinda farklilik gozlenmistir [F(.120= 58.063, p<0.05].
Anlaml farkin egitim diizeyi artisina bagl olarak artti1 belirlenmistir. Eta-kare (n?= 0.59) etki biiyiikliigiine
gore ise egitim diizeyi degiskeninin COVFO ortalamasina etkisi yiiksek diizeydedir.

Katilimeilarin kisisel zellikleri ile HDO ve COVFO ortalamalarinin Pearson Korelasyon analizi sonuglari
Tablo 6°’da verilmistir.

Tablo 6
Pearson Korelasyon analizi sonuglari
1 2 3 4 5 6 7
1- Hijyen Egitimi il'
0.980 1
2- Cocuk 0.000™

0.529 0.540 1

0.000”  0.000" -

-0.839 -0.834 -0.789 1

0.000" 0.000" 0.000™ -

-0.440 -0.457 -0.530 0.640 1

0.000" 0.000" 0.000™ 0.000" -

0.451 -0.473 -0.590 0.657 0.864 1
0.000”  0.000 0.000™ 0.000™ 0.000" -

0.677 -0.679 -0.738 0.898 0.749 0.806 1
0.000" 0.000" 0.000™ 0.000™ 0.000" 0.000" -

r=Pearson Korelasyon Katsay1s1 (2-yonlii), *=p<0.05, **=p<0.01

3- Medeni Durum

4- Yas

5- Egitim Diizeyi

6- HDO Ortalama

=t =~ =~lc =-lc=-lc - =

7- COVFO Ortalama

o

Tablo 6 incelendiginde, hijyen egitimi alma durumu (X= 1.73, Sd= 0.44) ile ¢ocugu olma durumu (X= 1.72,
Sd= 0.44) arasindaki iliski Pearson Korelasyonu ile dl¢iilmistiir. Analiz sonucunda hijyen egitimi alma
durumu ile ¢ocugu olma durumu arasinda biiyiik seviyede, olumlu etki eden anlamli bir iliski bulunmustur
[raz2=0.980, p<0.01]. Hijyen egitimi alma durumu (X= 1.73, Sd= 0.44) ile yas degiskeni (X=2.75, Sd=1.27)
arasinda biiylik seviyede, olumsuz etki eden anlamli bir iligki bulunmustur [ra22= -0.839, p<0.01]. Hijyen
egitimi alma durumu (X= 1.73, Sd= 0.44) ile egitim diizeyi degiskeni (X= 2.89, Sd= 0.93) arasinda orta
seviyede, olumsuz etki eden anlaml1 bir iligski bulunmustur [r¢122)= -0.440, p<0.01]. Hijyen egitimi alma durumu
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(X=1.73, Sd= 0.44) ile HDO ortalamas1 (X= 3.61, Sd= 0.52) arasinda orta seviyede, olumlu etki eden anlamli
bir iliski bulunmustur [raz2= 0.451, p<0.01]. Hijyen egitimi alma durumu (X= 1.73, Sd= 0.44) ile COVFO
ortalamasi (X= 3.52, Sd= 0.57) arasinda orta seviyede, olumlu etki eden anlamli bir iliski bulunmustur [r@22)=
0.677, p<0.01]. Egitim diizeyi degiskeni (X=2.89, Sd=0.93) ile HDO ortalamas1 (X= 3.61, Sd= 0.52) arasinda
biiyiik seviyede, olumlu etki eden anlamli bir iliski bulunmustur [rp22= 0.864, p<0.01]. Yas degiskeni (X=
2.75, Sd=1.27) ile COVFO ortalamas1 (X= 3.52, Sd= 0.57) arasinda biiyiik seviyede, olumlu etki eden anlaml
bir iligski bulunmustur [ra22= 0.898, p<0.01].

Korelasyon analizi sonuglarina gore; ¢ocugu olan ve yasi geng olan personellerin hijyen egitim almaya daha
yatkin oldugu sdylenebilir. Hijyen egitiminin de HDO ve CVOFO algilarinin pozitif yonde degisimine katkis
oldugu sdylenebilir.

Universite dgrencilerinin bireysel hijyen tutumlarinin incelendigi bir arastirmada, cinsiyet degiskeninde kiz
ogrenciler lehine anlamli derece farklilik oldugu rapor edilmistir (Taskiran, Khorshid & Sari, 2019). Tiirkiye
genelinde COVID-19 salgin siiresince kisisel ve genel hijyen tavirlarimin arastirildigi bir ¢alismada, kadin
katilimcilarin hem bireysel hem de genel hijyen davranis 6l¢ek ortalama degerlerinin erkek katilimcilara gore
anlaml sekilde daha yiiksek bulundugu rapor edilmistir (Cigek, Sahin & Erkal, 2021). Ulkemizin Trabzon ve
Konya illerinde ikamet eden bireylerin COVID-19 salginina yonelik tutum ve davraniglarinin incelendigi bir
calismada, kadinlarin erkeklere géore COVID-19’a yonelik hem tutumlarinin hem de davraniglarinin daha iyi
diizeyde oldugu rapor edilmistir (Ozsahin & Aribas, 2021). Literatiirdeki diger calismalarin aksine bu
caligmada, hijyen ve COVID-19 salgini farkindaliklarinin cinsiyet degiskeni ile anlamli bir farklilik
bulunamamistir. Bu durumun ortaya ¢ikmasinda 6rneklem farkliliklart oldugu gibi cinsiyet degiskeni yaninda
etki eden diger faktorlerin olabilecegini gostermektedir.

Tiirkiye genelinde COVID-19 doneminde hijyen tavirlarimin arastirildign bir ¢alismada, medeni durum
degiskeni ile COVID-19 Hijyen 6lgegi arasinda anlamli bir farklilik olmadigi rapor edilmistir (Cigek, Sahin &
Erkal, 2021). Hong Kong'da yiliz maskesinin takilmasini etkileyen faktorleri inceleyen bir arastirmada, evli
bireylerin bekarlara gore daha ¢ok maske kullanimina dikkat ettigi rapor edilmistir (Tang & Wong, 2004).
Tiirkiye'de COVID-19 salgimi siiresince bireylerin el yikama tutumlarini inceleyen bir arastirmada, evli
bireylerin bekar bireylere gore el yikamaya iliskin daha olumlu tutum i¢inde olduklar1 rapor edilmistir (Ugurlu-
Kalkan vd., 2020). Benzer sekilde bu ¢alismada, HDO ve CVOFO farkindaliklar1 ile medeni durum degiskeni
arasinda evli personeller lehine anlaml farklilik oldugu belirlenmistir.

Mesleki ve Teknik Anadolu Lisesi Ogrencilerinin hijyen davranmislar1 ve tutumlarinin incelendigi bir
aragtirmada, hijyen davranislar1 6lgegi puan ortalamasi ile yas degiskeni arasinda anlamli bir farklilik olmadigi
rapor edilmistir (Bozeli, 2018). COVID-19 salgini esnasinda Iran'da maske kullanimi hakkinda gergeklestirilen
bir arastirmada, yiiz maskesi kullanimimin yas artis1 ile dogru orantili oldugu raporlanmistir. Ozellikle 70 yas
tizerindeki katilimcilarin neredeyse tamami yiiz maskesi kullanimini destekledigi rapor edilmistir (Rahimi vd.,
2021). Turkiye genelinde COVID-19 salgin siiresince kisisel ve genel hijyen davraniglarinin arastirildigi bir
calismada, yas degiskeni ile el hijyeni konusunda anlamli farlilik oldugu rapor edilmistir. Ozellikle 50 yas ve
iizeri olan bireylerin 34 yas alti katilimcilara gore el hijyeni saglamada daha aktif oldugu rapor edilmistir
(Cigek, Sahin & Erkal, 2021). Benzer sekilde bu ¢calismada, HDO ve CVOFO farkindaliklari ile yas degiskeni
arasinda anlamli farklilik oldugu belirlenmistir. Ayrica gergeklestirilen korelasyon analizi sonuglarina gore,
katilimcilarin yas artisina bagli olarak salgin hastaliklar konusundaki farkindaliginin arttigi sdylenebilir.

Ulkemizin Trabzon ve Konya illerinde ikamet eden bireylerin COVID-19 salginina yonelik tutum ve
davranislariin incelendigi bir ¢alismada, egitim durumu degiskeni ile COVID-19’a y6nelik tutum arasinda
anlamli bir farklilik raporlanmamigken COVID-19’a yonelik davranislarda anlamli farklilik oldugu rapor
edilmistir. Anlaml1 farkliligin egitim diizeyi artis1 ile dogru orantili oldugu belirtilmistir (Ozsahin & Aribas,
2021). 60 yas ve tizeri bireylerin COVID-19 farkindaligini etkileyen faktorlerin incelendigi bir ¢aligmada, lise
mezunu olan bireylerin lisansiistii mezunu bireylere gére COVID-19 farkindaliklarinin daha yiiksek oldugu
rapor edilmistir (Timer, Aygiin & Tuna, 2022). Tiirkiye genelinde COVID-19 salgin hastalik doneminde
kisisel ve genel hijyen davranislarinin arastirildigi bir ¢alismada, lise ve daha az egitim diizeyine sahip
katilimcilarin COVID-19'a risk algisinin yiiksek oldugu rapor edilmistir (Cigek, Sahin & Erkal, 2021).
Tiirkiye'de COVID-19 salgim siiresince bireylerin el yikama tutumlarini inceleyen bir arastirmada, egitim
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diizeyi lisans ve lizerinde olan katilimcilarin el yikamaya daha yatkin olduklari rapor edilmistir (Ugurlu-Kalkan
vd., 2020). Mutfak ¢alisanlarinin is motivasyonu ve hijyen davranislart arasindaki iligkinin incelendigi bir
calismada, egitim diizeyi yliksek olan personellerin hijyen farkindaliklarmin daha yiiksek oldugu rapor
edilmistir (Simsek & Sen, 2020). Benzer sekilde bu ¢alismada, HDO ve CVOFO farkindaliklari ile egitim
diizeyi degiskeni arasinda anlamli farklilik oldugu belirlenmistir. Ayrica gergeklestirilen korelasyon analizi
sonuclarina gore, katilimcilarin egitim diizeyi artisina bagli olarak salgin hastaliklar konusundaki
farkindaliginin arttig1 sdylenebilir.

60 yas ve tizeri bireylerin COVID-19 farkindaligin etkileyen faktorlerin belirlenmesi amaciyla gerceklestirilen
bir arastirma calismasinda, egitim durumu lise ve 6n lisans olan katilimcilarin Bulasma Tedbiri Farkindalig:
ve Hijyen Tedbiri Farkindaliklarmin diger katilimcilara gére daha yiiksek oldugu rapor edilmistir. Ayrica
sigara ve alkol kullanmayan katilimcilarin Bulasma Tedbiri Farkindaligi daha yiiksek bulundugu rapor
edilmistir (Timer, Aygiin & Tuna, 2022). Literatiirdeki diger ¢alismalarin aksine bu ¢alismada, hijyen ve
COVID-19 salgim1 farkindaliklarinin sigara kullanma durumu degiskeni ile anlamli bir farklilik
bulunamamistir. COVID-19 salgini siirecinde balik restoranlarinin gida giivenligini inceleyen bir arastirmada,
personellerin diizenli egitimi neticesinde hijyen konusundaki olumsuz davranislarinin diizelecegi rapor
edilmistir (Tosun vd., 2022). COVID-19 salgin1 sirasinda bir egitim miidahalesinin saglik ve gida giivenligi
iizerindeki etkisine iliskin mevcut arastirma sonuglari, egitim miidahalesinin bilgi diizeylerini arttirdigi, tutum
diizeylerini olumluya ¢evirdigini gostermis ve saglik ve gida giivenligi egitiminin 6nemli bir kapsam oldugunu
ortaya koymustur.

4. Sonuglar

COVID-19'un gida kaynakli bir hastalik olduguna dair dogrudan ve giivenilir bir kanit olmamasina ragmen,
devam eden bir salgin baglaminda gida ile temasin tamamen giivenli oldugu diistiniilemez. Gida sektorii
personellerinin bireysel hijyen davraniglarinin salgin hastalik farkindalik diizeylerine etkisinin incelendigi
aragtirma sonuglarina gore, evli, 56 yas iizeri, 6on lisans mezunu, hijyen egitimi alan ve ¢ocugu olan
personellerin bireysel hijyen davramslari konusunda daha dikkatli oldugu sdylenebilir. Isletmelerin hijyen
egitim programlarinda bekar, geng, 56 yas alti, egitim diizeyi 6n lisans alt1 olan personellere odaklanmalari
onerilmektedir. Ayrica herhangi bir demografik 6zellige bakilmaksizin tiim yemekhane personellerinin hijyen
egitimlerinin aldirilmasi gereklidir. COVID-19 ve benzeri salgin hastaliklar 6ncesi bireysel hijyen davranis
kiiltiiriiniin 6zellikle gida sektoriinde gorev alan personellerde, hastaliklarin salgin boyutunun kontrol altina
almmasi konusunda énemlidir. Arastirma sonuglarinda yer alan hijyen egitimlerinin gida sektoriinde ¢aligan
personellere belirli periyotlarda verilmesi bireysel hijyen davraniglarinin kazandirilmasi agisindan gereklidir.
Bu sebeple isletmelerin kanuni zorunlulugu karsilamanin yani sira gida sektorii personellerine rutin araliklar
ile hijyen egitimlerini aldirmas1 6nerilmektedir. ilerleyen dénemlerde benzer konuda yapilacak arastirmalarda
farkli orneklemler ve farkli demografik &zelliklerin uygulandigi ¢alismalarin yapilmasi arastirmacilara
onerilmektedir.

Gida sektoriinde ¢alisanlarin saglik ve gida giivenligi egitim miidahalelerinin iyilestirilmesi, COVID-19 ve
diger salgin hastaliklar1 en aza indirebilir ve gida sektdriiniin durumunu iyilestirerek toplumun sagligi igin
etkili bir adim olabilir. Arastirmacilar, gida giivenligi iletisimcileri, sendikalar, medya ve diger tiim ilgili
sektorler, saglik ve gida glivenligi egitimlerini ilerletmek i¢in bu sektdrdeki ¢alisanlart egitmek igin ¢aba sarf
etmelidirler. Halk saglig1 yetkilileri, 6zellikle COVID-19 salgimi sirasinda, egitim kurslari i¢in restoranlardaki
gida sektoriindeki calisanlara oncelik vermelidir. Ayrica, politika yapicilarin bu calismanin sonuglarini
restoranlar i¢in saglik ve gida giivenligi ve teftisine yonelik ¢evrimigi bir siirekli egitim sistemi tasarlamak igin
kullanmalar1 6nerilir.
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1. Giris

Kentler, toplumu olusturan bireylerin birlikte kurdugu, giivenli bir yagam siirmeyi hedefledikleri, iletisim,
egitim, ticaret, aile kurma, saglik, ulasim, adalet, egitim gibi yasamsal ihtiyaclarin1 sorunsuzca giderebilmeyi
amagladiklar1 yerlesimlerdir. Yilmaz ve Diktas (2018)’in da belirttigi gibi sosyal, ekonomik ve kamusal
bakimdan kentler, herkesin ihtiya¢ duyacagi hizmet ve olanaklar ile bunlara kolayca erisilebilen, bir arada
dayanisma ile yasanabilen, yeterli alt yap1 hizmetleri olan yerlesimlerdir.

Glinlimiizde Diinya niifusunun biiyiik kisminin kentlerde yasadigi diistiniilmektedir (Mert, 2021). Tiirkiye
Istatistik Kurumu’nun 2021 yilinda yaptig1 arastirmaya gore, Tiirkiye niifusunun %93,2’sinin Il ve Ilge’lerde
yasadig1 belirtilmis olup, bu say1 gittikge artmaktadir (Anonim, 2022). Bu durumda kentlerin tasarimi niifus
projeksiyonlart dikkate alinarak ve sosyal yasamin gerekleri dogrultusunda yeniden ele alinmalidir. Ciinkii
kentsel alanin tiim kamusal mekanlar1 (agik ve kapali), kentlesme arttik¢a tiim bireyler agisindan konforlu ve
yasanabilir hale getirilmelilerdir.

Kentlesme siireci, sanayilesme ve ekonomik geligsmelerle ilerlerken, kentliyi olumsuz etkileyen bir¢ok seyi
beraberinde getirmistir (Celik Canga ve Caligkan Mimarlar, 2022). Bunun en 6nemli nedeni, kent niifusunun
beklenmeyen bir sekilde artmasidir. Bu nedenle konut ve yesil alanlarin orani yetersiz kalmakta, imar
problemleri olusmakta, trafik yogunlasmakta ve kentliye sunulmasi gereken hizmetlersinirli kalmaktadir
(Vural, 2020; Baltutar ve Artar, 2022). Ayrica bireylerin topraga dokunabilecegi alanlar daralinca dogayla
baglantilari kesilerek beden ve ruh sagligi da olumsuz etkilendigi goz 6ntine alinmalidir (Celik Canga, 2021).
Bu durum 6zellikle kentlerde yagayan dezavantajli bireyler agisindan ¢ok daha etkileyici olmaktadir. Kadinlar
da toplumda daha fazla sorumluluk yiiklenmeleri yan sira is hayatindaki rolleri, annelik gdrevleri ile kentsel
hizmetlerin yetersiz oldugu mekanlarda dezavantajli durumdalar. Ciinkii kadin kent sokaklarini erkeklerden
daha farkli bir sekilde deneyimlemektedir.

Kadinlar tarihten bugiine toplumda baski goren, birgok hususta dezavantajli konumda olan kitleler arasinda
olmuslar (Akgayir, 2021). Aslinda sanayi devrimi kadinin toplumsal yasantisina sekil veren énemli bir siire¢
olmustur. Sanayi devrimiyle birlikte aile hayati ile calisma hayati birbirinden keskin ¢izgilerle ayrilmis, roller
ve gorevler belirlenmistir. Bu noktada kadin ev i¢i gorevleri listlenerek sokagi deneyimlemekten uzak kalmistir
ve bu durumu zamanla kaniksamustir. Tiirkiye Istatistik Kurumu’nun 2021 yili verilerine bakildiginda,
kadinlarin ev diizeni, ev isleri, cocuk bakimi ve aligveris gibi daha ¢ok i¢sel konularda karar vermeye yetkili
olduklari, erkeklerin ise evde kiigiik tamirler, aylik faturalarin 6denmesi, akraba iligkileri, ¢ocuklar ile ilgili
konularda, tatil, eglence gibi daha c¢ok dissal konularda karar organi olduklari ve sorumluluk aldiklar
goriilmektedir. Bu durum kadmlarin kentsel mekan kullanimlarinda esitliksiz bir durum oldugunu
gostermektedir (TUIK, 2021). Bunun sonucu olarak kentsel tasarimda kadinin 6zel ihtiyaclar1 ve sorunlar goz
ard1 edilmistir. Genelde iist yonetimlere ulagsamayan kadin, karar alma yetkisinde de geri kalmistir.

Kentlerde kadinin yasadigi sorunlarin artmasina bagli olarak, 1980°1i yillarin sonlarinda kadinin kentteki yeri
lizerine tartigmalar ve ¢alismalar yogunlagmustir (Senol, 2015). Bu sorunlarin en 6nemlilerinden biri, kdyden
kente gd¢iin artmasidir. Bu donemde kentin sagladigi olanaklara kadinlarin daha kolay ulasabilmesi ve kentin
avantajlarindan onlarin da rahatlikla yararlanmasi gerekliligi cok belirgin olarak goriilmiistiir (Kaypak, 2019).
Kentsel tasarimlarin ve kamusal tiim olanaklarin kadinlar i¢in 6zgiirlesme imkanlar1 sunmasi, istihdam sansi
yaratmast ve tlim ihtiyaclarma kolaylikla ulasabilecegi hizmetler sunmasi beklenmektedir. Kadinin kenti
tercihinde bu o6zellikler 6n plandadir. Ancak kentler kadinlarin ¢esitli alanlarda sorunlar yasadigi mekanlar
haline gelmistir (Acuner, 2016). Bu baglamda kadin dostu kent programlar1 gelistirilmis ve ilkeleri
olusturulmustur.

Kadin dostu bir kent, herkes i¢in dost bir kentin anahtari sayilir. Aslinda kadin dostu kent tanimindaki nitelikler
yerine getirildiginde herkes i¢in kentin kullanimi kolaylagsmis olacaktir. Bu kapsamda yapilacak ¢aligmalarda
kadinin tiim siirece dahil edilmesi ve kullanicilarin katiliminin saglanmasi gereklidir. Ciinkii kadinlarin
kentlerde yasadiklar1 sorunlarin ve ihtiya¢larin yine kadinlar tarafindan en iyi tanimlanacagi unutulmamalidir.
Bu kapsamda kadinin kentsel acik mekanlarda ihtiyaglari, beklenti ve oOncelikleri, alan c¢aligmalari ile
belirlenmelidir. Bu ¢aligma bu gereklilikten yola ¢ikilarak yapilmustir.
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Calismada Canakkale kent merkezinin en yogun kullanim alanlarinda kadinlarin kent tasarimina bagli olarak
yasadiklari temel sorunlarin analiz edilmesi amaglanmustir.

1.1. Kentsel Tasarim ve Kadin Dostu Kent

Mekéan “sosyal bir liretim” olarak algilandiginda toplumsal cinsiyet ve mekan arasinda bir iliski oldugu
farkli bilim insanlar tarafindan kabul edilmistir. Bu iliskide toplumsal cinsiyet, mekansal tartigmalarda giiclii
bir 6zne olarak ortaya ¢ikmaktadir. Bunun etkileri kent tasarimina yansir. Ciinkii kentsel tasarimlar topluma
bir ayna gorevindedirler (Vanlioglu Yazici, 2020). Toplumun 6nemli ferdi olan kadinlar bu noktada 6nemlidir
ve kent tasariminda ihtiyaclarinin dikkate alinmasi tiim sosyal hayati kolaylastiracaktir.

Kentlerde kadinlara yonelik, bir degisimin saglanabilmesi igin, kadinlarin konu hakkinda séz sahibi
olabilmeleri gerekmektedir. Erkeklerin daha 6nce hi¢ farkinda olmadiklar1 konular, kadinlarin giivenligi veya
kullanim kolaylig1 i¢in dnem olusturabilir. Mekanlar arasi ulasimin zorlugu, gece disari ¢ikamama gibi
durumlar kadmlar i¢in en 6nemli sorunlarin yalmzca bir kismini olusturmaktadir (Kiper, Korkut veUstiin
Topal, 2016). Bu baglamda kentlerde kadinin gidebildigi ve gidemedigi bolgeler olusmaktadir ve erkekler
bunun farkinda bile olmayabilirler.

Certeau, ve ark. (2010) ¢alismalarinda kent ve mekanlarindan soyle bahseder: Kadin-erkek, gen¢—yasli, herkes
tarafindan i¢inden gegilen bir kamusal uzamin pratigi olarak uygunluk acisindan bakildiginda, cinsiyetler farki
su ya da bu bicimde hesaba katilmalidir. Ayrica kentlerin bolgelere ayrildigim ve belirli bdlgelerin de
cinsiyetlerden biri tarafindan isaretlendigini vurgulamaktadir (kahvehaneler gibi). Bunun ispati olarak
kadinlarin kamusal alanlar1 belirli saatler disinda kullandiklarinda yasadiklar1 sorunlar veya erkeklerin
cogunluk olarak kullandiklari mekanlar ve sokaklardan gecerken kadinlarin tedirgin olmalart 6rnek verilebilir.
Aksam saatleri ya da sabahin erken saatlerinde mekanlarin kadina giivensizlesmesi ile kullanilmamasi
gerektigi algis1 ve aligveris merkezleri gibi alanlarda bos zamanlarini degerlendirip sosyallesmeye
yonlendirilmeleri, aslinda kadin1 kent a¢ik mekanlarinda sinirlandirmaktadir. Kentin tiimiinde her saat kadinin
yasaminin kolaylastirilmasini saglayacak tasarimlarla diizenlenmesi, kadin dostu kent anlayisini getirmis ve
ilkeler ortaya koyulmustur.

Kadin dostu kent kavraminda toplumun tiim bireyleri igin giivenilir ve yasanabilir bir kent olusturmak
hedeflenmektedir. Zaten imar planlarinda kamu kullanimi igin ayrilmis olan kentsel donati alanlar, bireylerin
bir arada yasamlarini siirdiirdiigii, konaklama, ulasim, egitim, ibadet, saglik, sosyo-kiiltiirel ihtiyaglarini
karsiladiklart mekanlardir. Celik Canga ve Kiiciik (2022)’iin kent acik yesil alan sistemleri ile ilgili
calismalarinda bu mekanlardan kentlilerin sorun yasamadan faydalanmalarini saglamaya yonelik planlama ve
tasarimlar yapilmasi geregini vurgulamis ve oneriler getirmistir. Bu baglamda kentlerde kadinlarin kamusal
acik alanlarda dolagimimin kolaylastirilmasi, ulasim sikintisi ¢gekmemesi, sokaklara giivenle ¢ikabilmesi,
sokaklarda fiziksel zorluk yasamamalari temel hedeftir ve mekansal planlamalar modern kent anlayisinda
toplumsal cinsiyet esitligi dikkate alinarak yapilir. Bunlar kentlerde kadin erkek esitliginin saglanmasinin
otesinde kadinin ekonomik ve kiiltiirel alanda giiglenmesini de saglamaya yoneliktir (Baykan, 2015; Kiper vd.
2016). Tiirkiye’de toplumsal cinsiyet esitligi ¢alismalarini yerel yonetimlere tastyan ilk proje olma 6zelligini
tastyan kadin dostu kent projesi, 2006 yilinda Sabanci Vakfi’nin destegi ile uygulanmaya baslanmustir (Efe
Giiney ve Ustiindag, 2020). Bu projenin birinci asamas1 6 il’de, ikinci asamada ise 7 iI’de uygulanmistir
(Ozsoy ve Sipahi, 2016; Cetintahra Eksioglu ve Efe Giiney, 2019).

Kadin dostu kentler programimin temel ilkeleri sdyle zetlenebilir (Efe Giiney ve Ustiindag, 2020): Kamusal
mekanlar iyi aydinlatilmali; ¢ikmaz sokak, kivrimli yol ve sagir cepheler bulunmamali; kamusal mekanlarda
acil arama noktalar1 ve kent tanitic1 levhalar1 bulunmali; siginma ve toplanma mekéanlar1 yapilmali; otobiisler
kentin en uzak noktalarina ulasabilmeli; kadinlar geceleri otobiis duraklari diginda da istedigi yerde inebilmeli;
belediye konutu veya resmi toplu konutlarda kadinlar i¢in kota ayrilmali; sokaklar etkinliklere olanak tanimali;
yol ve kaldirimlar kadin, ¢ocuk, engelli, yash vb. bireyler dikkate alinarak tasarlanmali;kamusal acgik ve yesil
alanlarin kadin kullanimi agisindan giivenli, erisilebilir, estetik, etkili ve gorlinlirliighi yiiksek olmalidir.

Kadin dostu kent anlayis1 yam sira fiziksel mekanlarin toplumun her kesimi ac¢isindan ulasilabilir, yaganabilir
ve kullanilabilir olmasi, evrensel tasarim anlayisinin temel hedefidir (Alptekin, 2022). Bu anlayisin temel ilkesi
ihtiyaglara ve tiim taleplere erisilebilirligin saglanmasidir (Y1ilmaz ve Diktag, 2018). Bunun i¢in tasarimci su
esaslara dikkat eder: Kenti herkes icin tasarlar, evrensellik probleminin neler oldugunu belirler, evrensel
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kullanimlar getirir, tasarimda tiim kenti hedefler ve her zaman kullanimi dikkate alir (Cavington ve Hannah,
1996; Aktas, 2017; Hacthasanoglu, 2003). Bu ihtiyaglar1 kargilamaya yonelik, evrensel tasarim merkezi
tarafindan 1997 yilinda, evrensel tasarim kavraminin somutlastirilmasi ve yayginlastirilmasi icin su ilkeler
belirlenmistir (Hacthasanoglu, 2003; Aktas, 2017; Yilmaz ve Diktas, 2018): Esitlik¢i kullanim, kullanimda
esneklik (cesitlilik), basit ve sezgisel kullanim, algilanabilir bilgilendirme ilkesi, tasarimda hata payi ilkesi,
diisiik fiziksel gii¢ gereksinimi ilkesi, yaklasim ve kullanim i¢in uygun boyut ve mekan saglanmasi ilkesi.

Evrensel tasarim engelli, engelsiz, kadin, geng, erkek, yash gibi kisileri kategorize etmez. Amaci kisi
ayirmadan ¢ozliim Uretmektir. Bu ilkeler yani sira kentsel dis mekanlarin yaganabilir olmasi igin, insan
yasamina huzur ve kolayliklar sunan islevsel ve estetik degeri olan peyzaj elemanlar1 igermesini dngoriir
(Celik, 2012). Bu baglamda calismada alan analizleri i¢in kullanilan bilgi formunun hazirlanmasinda kadin
dostu kent yaklagimi yani sira bu ilkelere de dikkat edilmistir.

2. Materyal ve Yontem

Canakkale, Giiney Marmara Bolgesinde bogaza kiyist olan, sahip oldugu tarihi ve dogal kaynaklari ile
ulusal ve uluslararas1 agidan ilgi odag1 bir 11’dir (Sekil 1). Bu nedenle kent, farkli illerden gelen ve yerlesen
niifus yani sira, 6zellikle turizm doneminde ¢ok genis kitlelerin kullanimina sahne olmaktadir.

Kent merkezi 9,737 km?'lik alana sahiptir. Kentin sosyal yasaminin en hareketli oldugu bdlgeler: Aynali garst,
yiirliyilis yolu ve ¢ars1 ¢evresi, parklar, pazarlar, saat kulesi ¢evresi ve bogaz kiyisindaki kordon bolgesidir.
Kentin tarihi yerlesim boliimii glinlimiizde kentsel sit alan1 olarak koruma altinda olup, dar sokaklara sahiptir.
Bu alan kentlinin giin i¢inde ihtiyaglarini karsilamak i¢in en yogun kullanimina sahiptir. Kordon ile birlesen
cars1 yaya Yyolu olarak diizenlenmistir. Kent ¢ekirdegini yeni gelisim alanina kopriiler ile baglayan Sarigay
cevresi de giiniimiizde cazibe merkezine doniismiistiir.

Ganakkale

Marmara Bolgesi J
’ o

e Mi(,:vanakkalc flgeler

Sekil 1. Canakkale Ili’nin ve kentin konumu (Goggle Earth 2023’ den yararlanilarak hazirlanmistir)

Caligmada 6rnek alan olarak Canakkale kent merkezinde niifusun en yogun oldugu ve tiim kentlinin kullanim
acisindan kentsel sosyal hizmetlerin sunuldugu, kent ¢ekirdegindeki 5 bdlge secilmisti. Segilen 6rnek alanlar:
1- Eski kordon, 2- Halk Bahgesi bolgesi, 3- Hastane bolgesi, 4- Fevzipasa Mahallesi, 5- Namik Kemal Mahal-
lesi bolgeleridir ve 40° 8' 38.31" kuzey enlemi ve 26° 24' 4.86" dogu boylamu ile, 40° 8' 58.50" kuzey enlemi
ve 26°24'7.34" dogu boylami arasinda yer alirlar. (Sekil 2). Calismada kullanilan yardime1 materyal ise kadin-
larin bu alanlar1 kullaniminda yasadiklari sorunlarin belirlenmesine yonelik hazirlanan bilgi formudur. Diger
yardimc1 materyaller, kent haritas1 ve alanda yerinde ¢ekilen fotograflardir.
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Sekil 2. Canakkale kent merkezi ve ¢alisma alanlari: 1- Eski Kordon, 2- Halk Bahgesi bolgesi, 3- Hastane
bolgesi 4- Fevzipasa Mahallesi, 5- Namik Kemal Mahallesi (Goggle Earth 2023’ den yararlanilarak)

Calisma yonteminde Canakkale kent merkezinde en yogun kullanilan 5 bolge 6rnek alan olarak secilmistir. Bu
alanlar yerinde mekansal olarak incelenerek hazirlanan bilgi formu ile analizleri yapilmistir.Bilgi formu ¢alis-
manin farkli alanlara uygulanmasi ve karsilagtirilma olanagi saglamaktadir.

Caligmada kentsel tasarim ve kadin dostu kent ilkeleri ile ilgili gerekli literatiir taramalar1 yapildiktan sonra,
kavramsal ¢er¢eve olusturulmustur. Calismanin yonteminde Canakkale kent merkezinde belirlenen alanlardaki
fiziki mekanlarin ve kullanilan kentsel elemanlarin ve donatilarin analiz edilebilmesi i¢in 30 sorudan olusan
bilgi formu hazirlanmistir. Formun hazirlanmasinda kadin dostu kent anlayisi ile beraber evrensel tasarim
ilkeleri goz oniinde bulundurulmustur. Toplam 30 maddeden olusan bilgi formunda ¢alisma alanlarinin
irdelendigi konular: Giivenlik, aydinlatma, temizlik, erisilebilirlik, estetik goriiniim, bilgilendirme, esneklik,
donat1 ihtiyaclari, algilanabilirlik ve konfordur. Her alan 6nce kendi i¢inde irdelenmis, daha sonra tek bir
tabloda bilgiler toplanarak karsilagtirma olanagi yaratilacak sekilde irdeleme yapilmigtir. Son agamada her
alanda belirlenen sorunlarin her biri bir puan olarak kabul edilerek, kentte kadinlarin sorun yagama durumu,
yaklasik olarak, tablonun kendi i¢indeki verilere gore oranlama yapilarak yiizdelik orana doniistiirilmistiir.
Calismada bir peyzaj mimar1 mekansal ve gorsel degerlendirme yapmistir. Calismada mekansal incelemeler
yani sira, mekan tasarimlarinin kullanici iizerindeki etkileri ve kullanici ihtiyaglarinin sosyo-kiiltiirel agidan
degerlendirilebilmesi igin 2 psikolojik damismanlik ve rehberlik uzmani ilel sosyolog ¢alismada gorev
almigtir.Calisma ekibi belirlenen alanlar1 birebir yerinde inceleyerek kullanicilart goézlemlemis ve
hazirlananbilgi formunu kendileri doldurmustur.Kent kullanicilari zaman zaman fikir bildirse de ¢alismada
yontem olarak kullanicilarin alan1 kullanirken gézlemlenmesi ile fikir edinilmistir.

Yontemde calisma alanlar1 yerinde ayrintili olarak incelenirken kullanicilarin ihtiyaglarinin analiz edilmesini
saglayacak olan, ayr1 ayri tasarim ve kullanimlarin degerlendirilmesini saglayan bilgi formu niteligindeki
cizelge ile bolgelerin kullanmim durumlari karsilastirmali olarak analiz edilmistir. Degerlendirmelerde evrensel
tasarim anlayis1 ve kadin dostu kent kriterleri dikkate alinmistir. Her alan i¢in bu kullanimlarin bulunup
bulunmama durumuna gore belirlenen sorunlar toplanmistir. Bu toplamin 30 soruda bulunma durumu dikkate
alinarak, yiizde ne kadar oldugu hesaplanmis ve alan degerlendirilmistir.

3. Bulgular ve Tartisma

Belirlenen ¢aligsma alaninda oncelikle yollar, duraklar, kaldirimlar, yesil alanlar, kentsel donat1 elemanlari
ve diger fiziki mekanlar, giinliik ihtiyaglar dogrultusunda incelenerek gorseller ile belirlenmistir. Alan
aragtirmasi yapilirken kent i¢i yaya sirkiilasyonu, yollarin yapisal 6zellikleri, ulasim, sosyal mekanlarin
kalitesi, giivenligi, estetik goriiniimiine, aydinlatma ve bilgilendirme olanaklarina 6nemle dikkat edilmistir.

Kentin Canakkale Bogazi kiyisini saran, Cevat Pasa Caddesi’nde yer alan Eski Kordon (1 nolu bolge)
Canakkale’nin onde gelen en hareketli bolgelerinden biridir. Bolge kentlinin gece ve giindiiz rekreasyonel
etkinlikleri igin ¢ok yogun kullandigi, 6zel giinlerde yerel yonetim ve sivil kuruluslar tarafindan etkinliklerin
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organize edildigi, sosyal ve kiiltirel paylasim alanmidir. Ancak alanda kadinlarin kullanim sirasinda
yasadigibirgok sorun vardir ve aydinlatma da yeterli degildir. Kordonun bir kisminda kafe ve pastanelerin
kordonun kamuya ait yol kismini isgal etmesi, 6zellikle dezavantajli vatandaslar ve kadinlar igin kalabalik
saatlerde geg¢isi engelleyerek sorun olmaktadir. Cocuklu kadinlar, bebek arabasi veya engelli arabasi siirenler
igin b durum daha da zorlagmaktadir. Cocuklar ¢ok hareketlidir ve hizla kosarak zor kontrol edilebilirler.
Kaldirim kiyisini caddeden ayiran babalar vardir; ancak hem renkleri algilanamamakta, hem de keskin koseleri
yaralanmalara neden olmaktadir. Bisiklet yolu da kordonun bir boliimiinden ge¢mektedir ve yiiriiyiis olanagi
dar bir alana sikismistir. Hatta motosikletler de bazen bu alani1 kullanmaktadirlar. Gérme engelli vatandaslar
i¢in kullanilan iz yolubazen farkli malzemeler, bazen bisikletler vb. araclar tarafindan isgal edilmektedir. iz
yolunun boyasi da yer yer silinmis oldugundan az géren vatandas i¢in dikkat ¢ekici 6zelligi kaybolmustur. En
onemli tehlike, eski kordonun sahil kiyisinda koruyucu bir bariyer bulunmamasidir. Zaman zaman yapilan
etkinliklerde alanin ¢ok kalabaliklagmasi yani sira, hizla bisikleti ile yanlis yola girenler ve top oynayangocuk-
lar i¢in risk olusturmaktadir. Deniz kiyis1 tamamen kayalar ile kapli oldugundan olasi bir diisme durumunda
yetiskinler ve 6zellikle cocuklar biiyiik risk altindadir (Sekil 3).Topuklu ayakkabi kullanan kadinlar igin kiyiya
yaklagmak veya cocuguna eslik etmek oldukga zordur.

Sekil 3. Canakkale Eski Kordonun deniz kiyisindan goriintiiler (2022)

Kordon uzun bir alan olmasina karsin sadece aktif kullanilan bir gesme bulunmaktadir ve yetersizdir. Anneler
icin en 6nemlisi ¢ocuklarin ellerinin siirekli kirlenmesi ve hijyen saglanmasidir. Alanda heykel, tanitimlar,
donatilar, oyun ekipmanlari, oturma {iiniteleri vardir ancak yeterli ¢6p kutusu yoktur. Kordonun zemin
kaplamalarinda takilip diismeye neden olabilecek bozuk boliimler vardir (Sekil 4). Kadinlar giin iginde bir gok
sorumlulugu yerine getirmek durumunda kalabildigi i¢in acele hareket edebiliyorlar. Ozellikle ileri yas
donemindeki tiim kisiler icin takilip diismek ¢ok risklidir. Bu durum yasli ebeveynine eslik eden kadin ve
anneler i¢in daha da dnemlidir.

Alanin baslangicinda bebek bakim iinitesi sadece bir tane olup, giris kart ile kullanilmaktadir. Digsardan
gelenler veya konuklar dikkate alinmamustir.
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Sekil 4. Kordondaki donatilardan bazi goriintiiler (2022)

Calisma alani olarak secilen ikinci bolge, kent merkezinde en biiyiik yesil leke pozisyonundaki Halk
Bahgesidir. Bu alan, kentli tarafindan ozellikle yaz aylarinda sagladigi golge ve serinligi ile tercih
edilmektedir(Sekil 5). Sahilde dikkat g¢ekici obje olan, temsili Truva Ati’nin ve Canakkale Valiligi’nin
arkasinda, Kayserili Ahmet Paga ve inénii Caddesi’nin kesisim noktasinda olup, 4 ana girisi bulunmaktadir.

Sekil 5. Kent merkezi, liman, Halk Bahgesi, Devlet Hastanesi ve Kordon (Goggle Earth, 2023).

Park kentin birgok mekani arasinda gecis 6zelligi de gostermektedir. Ancak ¢evresinde yer alan duvarlarin
yiiksekligi acil bir durumda ¢ikis1 zorlagtirmakta ve goriiniirligii kisitlamaktadir.kalite kriterleri ve tasarim
ilkelerine gore kadinlarin kendini giivende hissetmeleri agisindan ¢ikilamayan alanlar olmamalidir (Sekil 6a).
Park alaninin kadinlar tarafindan en yogun kullanilan boliimii ¢ocuk oyun alanidir. Ancak fiziki yapisinda
sorunlarvardir. Cevreden bir adimlik ¢ukurda yapilmis olup zemindeki kod farki nedeni ile hizli hareket eden
¢ocuklarin diigmesine neden olabilmektedir. Oyun ekipmanlari kiigiik bir alana sikistirilmistir ve yapilan
teleferik bu kalabalik arasinda risk olusturmaktadir. Aileler kii¢iik yastaki gocuklarina aletleri siirekli denetimli
olarak kullandirmak durumunda kaldigindan alan daha da kalabalik hale gelmektedir. Yas gruplarina gore
oyun alanlari birbirinden ayrilmamistir. Cocuk bahgesi duvarinin kenarinda ¢ok yasli ve sert, uzun dikenli
Yalanci Portakal (MaklurapomiferaSchneid.) agaclari ¢cocuklar i¢in ¢ok tehlikeli olupayni zamnada kasvetli
bir ortam olusturmaktadir.

Giiniimiizde ¢ocuklarin isteklerini karsilamaktan uzak oyun ekipmanlar1 vardir. Zeminin kumdan olusmasi
camura ve sokak hayvanlarinin digkilamasina da neden olmaktadir (Sekil 6b).
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(@) (b)
Sekil 6. Canakkale Halk Bahgesi’nden genel goriintii (2022)

Park alaninda bebek bakim tinitesi, tuvalet ve gesme bulunmasina ragmen bunlara yeterli yénlendirme levhasi
yapilmamustir. Parkin farkl girisini kullananlar bu mekanlara ulasamamaktadirlar. Cocuklar suyla oynamay1
sever ve ¢ok hareketli olduklarindan stirekli su igmek isterler. Anneler onlara yardimer olurken ¢esmeyi
kullanimlar ergonomik olmalidir. Ancak alanda yer alan ¢esmenin tasarimindan dolayikullanicilarin {izerine
atik suyu sigratmaktadir. Ayni zamanda gideri olmadigi igin atik sular ¢ocuk oyun alaninda birikerek ¢amur
olusturmakta ve saglik acisindan tehlike yaratmaktadir (Sekil 7a). Ozel gereksinimi olan kadimlar icin
mekanlarda yeterli isaretleme de yer almamaktadir.

Saglikli yagsam igin spor aletleri vardir. Bu aletlerin bilingli kullanimi ¢ok 6nemlidir ve alanda sakatlanmanin
onlenmesi igin bilgi panolar1 olmalidir. Ancak bu alanda buna 6nem verilmedigi gibi park iginden gegen
bisikletliler alanda tedirginlik hissi yaratmaktadirlar (Sekil 7b,c).

Park alaninda genel olarak siis bitkisi niteligi zayif tiirler hakim olup, mevcut olanlara yeterli bakim onlemi
zamaninda alinmamustir. Boylece alanin rekreasyonel yonden mevcut bitkileri gorsel agidan ziyaretgileri mutlu
etmekten uzaktir. Ayn1 zamanda alanda parkta yapilan incelemeler sonucu konfor ve imajinin ortadan zayifa
dogru diisen degerde oldugu goriilmiistiir. Sosyallik yoniinden orta, ulagim yoniinden iyi, farkli aktivitelerin
bulunmasi yoniinden ise zayiftir (Erduran ve Kabas, 2010). Kadinlarin ¢ocuklari ile bu alani uzun saatle
kullandig1 diisliniiliirse oturma ve dinlenme {initelerinin daha fazla sayida olmasi gerekir. Giiniimiizde park
alaninda bazi budamalar ve Ortanca (Hydrangea macrophyllaThunb.) gibi bitki dikimleri yapilsa da alanda
cicekleri ile etkili ve her mevsim ilgi uyandiran bitkilere yeterince yer verilmediginden, kent parki niteligi
tasimaktan uzaktir.

(@ (b) (©)
Sekil 7. Canakkale Halk bahg¢esinde yer alan bazi kullanimlar (2022)

Devlet hastanesi (3 nolu bolge) giiniimiizde sehir disina tasinmig olup kent merkezinde bazi poliklinikler
hizmet vermektedir. Onlarin da taginmasi tartisma konusudur. Bu nedenle giiniimiizde ¢evresi bakimsiz
kalmis, yapisal olarak hasta bir kisinin yiirlimesi agisindan, hem kaldirimlar1 hem de yollar1 sorunludur.
Bahgenin tasarimi hastalarin kendilerini iyi hissetmeleri ve dinlenmeleri i¢in farkli peyzaj bitkileri ile ve havuz
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gibi donati elemanlar ile tasarlanmistir. Ancak uzun yillar bakim ve budama yapilmadigindan ¢ok kapali,
kasvetli bir ortam haline doniigsmiistiir (Sekil 8). Bitkiler yan1 sira yapisal donatilar da eski ve bakimsiz olup
yollar, kaldirimlar yiiriinemeyecek durumdadir. Aydinlatmasi da yetersizdir ve alanda gorinirlik
diisiiktiir. Hastane ihtiyaci olan aile bireylerine, yaslilara veya ¢ocuklara en fazla evin kadini refakat veya eslik
etmektedir. Refakatginin iyi dinlenebilmesi, agik alanda kendini iyi hissetmesi daha iyi bakim yapabilmesini
saglayacaktir.

Sekil 8. Canakkale Merkez Devlet Hastanesi bahgesinden goriintii (2023)

Kordonun arka boliimiinde kentsel sit alani iginde yer alan Fevzi Pasa Mahallesi(4. Bolge) diger ¢alisma
alanidir. Giliney’de Saricay, Dogu’da Balikhane, Kuzey’de Carsi Caddesi ve Kdopriibasi Caddesi, Bati’da
Canakkale Bogazi ile sinirlidir (Sekil 9). iI’in en islek caddelerinden olan inénii Caddesi, Balikhane bolgesi
ile Cimenlik bolgesini ikiye bolerek Saricay’in lizerinden geger.

Mahallenin hemen hemen iicte birlik kismin1 Cimenlik Kalesi ve Deniz Miizesi’nin de i¢inde bulundugu tarihi
bolge olusturmaktadir. Bu bdlge turistlerin yogun ziyaret alanidir. Alana girigin iicretli olmasi yerel halkin
tercih etmemesine neden olmaktadir. Cimenlik kalesi gevresi ve park alan1 bakimi yapilmasina karsin dig
duvarlarinin ve arka sokaginin bakimsiz, Kirli ve tedirginlik yaratacak kadar yiiksek sagir duvarlarin olmasi
Ozellikle kadinlarin bu alani kullanmaya ¢ekinmesine neden olmaktadir. Hatta tanimsiz dar birbiri igine gegen
sokaklarda yolunu kaybeden kadin siiriiciiler tedirginlik yagamaktadir.

Kalenin Saricay’a dogru arkasinda yer alan yerlesim bolgesi halkin tahta kdprii olarak adlandirdigi ve sozlii
tarih olarak yerlesmis yaya gecidi ile Namik Kemal Mahallesi’nden ayrilir. indnii Caddesi’ni Sarigay’dan
gecip karsiya baglayan Indnii kopriisii, arag trafigine acik olup son yillarda yapilmistir. Kentin bu béliimii, cay
boyunca teknelerin ve otoparklarin oldugu, metruk alanlari ile gilivensiz izlenim yaratan karmasaya sahip bir
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alandir (Sekil 10). Bu bolgede konumlanan Nalbantlar Caddesi ve Nalbantlar Sokak terkedilmis harabe
binalartyla sehir giivenligi ve kadinlarin kullanimi agisindan saglikli degildir.

Sekil 10. Sarigay bolgesinden gdriiniim (2022)

Inénii kopriisii ve Inonii Caddesi iizerine yerlestirilen heykeller ve estetik unsurlarla, modern bir kent
gdriiniimii yaratilmaya galisilsa da Indnii képriisiinden Fevzi Pasa Mahallesi’ne dogru olan bdliim uzun yillar
bakimsiz kalmanin, kaderine terk edilmenin izlerini yansitmaktadir (Sekil 11).

Sekil 11. Indnii kdpriisiiniin iki tarafindan gériintii (2022).

Cay Kenar1 Sokagi, Dizdar Caddesi, Talimhane Sokak ve bunlara acilan sokaklara bir kadin yolunu
kaybederek girebilir. Ciinkii bolge tanimsizdir, ¢ikmaz sokaklar, dar vebirbirine agilan sokaklar vardir. Bu alan
kent merkezi ile i¢ ige olmasina karsin izbe tirkiitiicii ve ¢Oplerin kontrolsiizce dokiildiigii mekanlara sahiptir.
Sokak aralarinda kalmis tarihi gesme hem korunamamis hem de islevsizdir. Fatih Camii’nin de yer aldig1 Fatih
Sokak igerisindeki ¢oplerle, terkedilmis eski binalarla Tifli Sokak, Nedime Hanim Sokak, Lale Sokak, Cami
Sokak ve Zafer Meydami ile Fevzi Pagsa Mahallesi’nin i¢ sokaklari, sagliklastirma ve kentsel doniisiim
caligmalar1 yapilmas1 gerektigi belirlenmistir. Bu sekilde bakimsiz kalan bolgeler her tiirli tehlikeye agik
yerlerdir. Medrese Sokak, Cimenlik Sokak gibi sinirli alanlarda yapilan estetik ¢alismalar ise Fevzi Pasa
Mahallesi’nin tamamina bakildiginda oldukea yetersiz kalmaktadir (Sekil 12).
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Sekil 12. Fevzipasa Mahallesine ait sokaklardan goriintimler (2022).

Balikhane Sokak ise Cimenlik Kalesi’nden pashi demir parmakliklarla ayrilmaktadir. Glimriik Bélgesi olarak
bilinen alanda sahil giivenligin kullandigi iskele, balikgilarin yogun kullandigi bir alandir ve dort tarafinda da
korkuluk bulunmamaktadir. Giivenlik 6nlemlerinin iyi olmadig1 bdlgede ayrica isletmeler kordonu da isgal
etmektedir. Ayrica bu bolgede kent mobilyalariin ve ¢op kutularmin eksikligi de dikkat ¢ekmektedir (Sekil
). Kadinlarin ticret 6demeden bogaz kiyisinda dinlenebilecekleri oturma elemanlari ¢ok sinirlidir.

Sekil 13. Cimenlik Kalesi’nin deniz kiyisi, Nusret Mayin Gemisi ve kafeler (2022)

Canakkale kentinin kalabalik bolgelerinden biri olan Namik Kemal Mahallesi’nin Sarigay boyu (5. bolge)
olarak isimlendirilen alan, Atatiirk Caddesi ve Setboyu Caddesi’nin kesisim alanindan baglayarak Troya
kopristine kadar uzanir (Sekil 14).

974



Journal of Advanced Research in Natural and Applied Sciences 2023, Cilt 9, Say: 4, Sayfa: 964-980

- a0

Sekil 14. Namik kemal Mahallesi (Goggle Earth 2023’den yararlanilarak)

I’in farkl yerlerinden kullanicilarimn ihtiyaglarim karsiladigi Cuma pazari(CUMPA) bu mahallededir ve kentin
tarihine adin1 yazdirmistir. Kadinlarin evin ekonomisi ve ihtiyaglarini1 daha ¢ok takip etmesi nedeni ile kentte
farkli glinlerde de pazar kurulmasina karsin, kadinlar Cuma giinlerini {iriin ¢esitliliginin daha fazla olmasi,
koylerden ve farkli yerlerden saticilarin gelmesi nedenleri ile tercih etmektedirler ve ¢ok kalabaliktir.

Kente ¢ok yakin olan pazar yeri yiiriime olarak iskele meydanina 30 dakika mesafededir. Ancak pazar yerinin
kent tarafindan girisinde bir cay bahgesi olmasina karsin bakimsiz ve izbe gériiniimii nedeni ile kadinlarin
kendini giivende hissederek dinlenebilecegi alan olmaktan uzaktir. Oysa aligverisini yaptiktan sonra dinlenerek
yoluna devam etmek ve diger ihtiyaclarimi diisiinmek i¢in bir mekan ihtiyag vardir. Bu bdlgenin
sagliklastirilmasi ve Pazar girisinin daha modern, estetik bir goriiniime kavusturulmas1 gereklidir (Sekil 15).

Pazar alanina yeterince hakim olmayan kadinlar {irlin satis standlarinin yerlerini kolaylikla bulamaktadirlar.
Pazar iginde herhangi bir yonlendirme veya levha, tanitim yer almamaktadir. Ayrica otopark alani ¢ok azdir
ve ¢ok katli bir otopark yapilmalidir. Cok katli otopark yapilabilecek kadar genis alanlar vardir. Araglarin
pazar kapisilarinin hemen yaninda park etmesi ve gelis gidislerin ortada dar, yiiksek bir refiij ile ayrilmasi
elinde agir paket tagiyan kadinlar, 6zellikle cocuklari ile gelenler ve yaslilar i¢in biiyiik sorun olusturmaktadir.

lLg 1 TT TTeuE
Vg ¢ e cam v

Sekil 15. Canakkale Cuma Pazari’nin farkl girislerinden goriintii (2022)

Pazar g¢evresinde marangoz ve demir atdlyeleri, diikkanlar, eski belediye binast gibi farkli hizmetlerin
sunuldugu yapilar yer almaktadir. Onlerinde yaya yiiriime yeri olmayan bu yapilar eski, bakimsiz ve kétii
goriintiiye sahipler.

Pazarin i¢ kismi daha once yenilenmis, tezgahlarin kurulumu ve cati sistemi ile modern goriiniime
kavusturulmustur. Ancak ¢evresindeki yol ve kaldirimlarin bozuklugu, izbe, bakimsiz binalar, bozuk yollar ve
diizensiz ¢op kutular tiim kentli i¢in kotii goriintli olusturmaktadir. Ancak kadinlart daha fazla tedirgin eden
bu goriintiiler, kisin havanin erken kararmas ile birlikte daha da korku yaratmaktadir. Ayrica kaldirimlarin
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isgali ve gevrenin karigik goriiniimii hem ¢ocuklari hem de kadinlar1 psikolojik olarak yormakta ve rahatsiz
etmektedir (Sekil 16).

Sekil 16. Canakkale Cuma Pazari’nin ¢evresinden goriintiiler (2022)

Bu bolgenin ana yollara yakinligi ve yogun kullanilan giizergahta olmasi nedeni ile toplu tagima olanagi iyidir.
Pazar yeri ve Troya kopriisii alaninda gidis yoniinde toplam 3, doniis yoniinde ise 4 durak bulunmaktadir.
Ancak Setboyu Caddesinde ulagim sinirlidir. Bu caddeyi kentliler yaya olarak da kullanmakta, hatta Sarigay
cevresindeki yesil alanda dinlenmektedirler. Bu park alaninda spor aletleri, cocuk oyun parki, basket sahas1 ve
bisiklet yolu olsa da gesme, oturma iiniteleri, ¢&p kutusu, aydinlatma gibi donat1 malzemeleri yoktur. Ozellikle
mesai ¢ikis saatlerinde bu durum sorun olusturmaktadir. Ayrica araglarin durak alanlarini iggal etmesi denetim
yetersizligini gostermektedir. En 6nemli sorunlardan digerleri; yeterli otopark olmamasi, bisiklet yolunun
olmamasi ve yollarin dar olmasidir.

Caligma alanlar1 yerinde ayrintili olarak incelenmis ve yukarida gorselleri ile sunulmustur. Alan 6zelliklerinin
degerlendirilebilmesi i¢in hazirlanan bilgi formu ile bolgelerdeki kullanimlarin durumlari kargilagtirmali
olarak analiz edilmistir (Tablo 1). Degerlendirmelerde evrensel tasarim anlayisi ve kadin dostu kent kriterleri
dikkate alinarak 30 madde belirlenmis ve bunlar ¢ercevesinde alanlarin sorunlart 6zetlenmistir. Calismanin
farkli alanlara uygulanabilmesi diisiiniilerek her alanda belirlenen sorunlarin toplam puaninin yiizdelik olarak
degerlendirilmesi yapilmistir. Buna gore, Canakkale kent merkezi kadin kullanimi agisindan %66 oraninda
sorunlu bulunmustur. Tim c¢aligma alanlarinin tasima kapasitesinden daha kalabalik olmasi nedeni ile
hizmetlerden esit yararlanilamadig1 goriilmiistiir. Ayrica ¢alisma alanlar1 peyzaj tasarimi agisindan ¢ok zayif
olup, bu durum en fazla kadinlar ve onlarin yetistirdigi gelecek nesillere yasanabilir saglikli kent ortami
sunulmasini engellemektedir. Calisma alanlarindan sadece Eski Kordon bolgesinin daha giivenli oldugu algisi
vardir. Ciinki her saat sirkiilasyonun devam etmesi ve yakinda igyerleri olmasi1 goriilebilirligi artirmakta olup,
giiven yaratmaktadir. Ancak hastane ¢evresinde bakimsiz kalmis yesil alanda budanmayan agaglar gizli ve
denetimsiz bolgeler yaratmaktadir. Hastanenin i¢i kadar dig1 da hijyenik ve bakimli olmalidir.
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Tablo 1. Calisma konusu olan bolgelerin karsilastiriimasi.

Canakkale kent merkezinin kadin kullanimi agisindan analizi

o (5]
@ c ‘2 o , - =
x2 3% g SgfEEs 2%
S Analiz konulart £TE T7§ GY 2ss 29s 8 &
1  Kimlik olarak iyi alg1 yaratiyor Evet Haywr Hayw  Hayw  Hayr 4
mu? Imaji iyi mi?
2 Aydinlatma sayisi yeterli mi? Evet Evet Hayw  Hayw  Haywr 3
3 Basit, kolay kullanimli, konforlu ~ Evet Haywr Evet Hayir  Hayw 3
mu?
4 Oturulacak alan sayisi yeterli mi?  Hayw  Haywr Evet Hayw  Hayr 4
5  Cikmaz sokak ve yol sorunu var Hayir  Evet Hayir  Evet Hayir 2
m?
6  Cop kutusu yeterli mi? Evet Evet Hayw  Hayw  Hayr 3
7  Fiziksel saldir1 ihtimali var ni? Evet Evet Hayir  Evet Evet 4
8  Irke1 saldirt ihtimali var mi? Hayir  Hayir Hayir  Evet Evet 3
9  Soyulma ihtimali var m1? Evet Evet Hayir  Evet Evet 4
10 Yeterli sayida yesil alan var mi? Evet Evet Evet Hayir  Haywr 2
11  Toplu tasima ulagimi var mi1? Evet Evet Evet Evet Haywr 1
12 Ulasim kolay mi ? Evet Evet Evet Hayw  Hayir 2
13 Yeterli sayida durak var nu? Evet Evet Evet Hayir Evet 1
14 Kalabalik sorunu var mi1? Evet Evet Evet Evet Evet 5
15  Ortam temiz mi? Haywr  Evet Hayw  Haywr Hayw 4
16 Cesme veya kaynak suyu var m1?  Evet Haywr Evet Hayw  Hayir 3
17  Tuvalet var mi1? Evet Haywr Evet Hayw  Hayir 3
18  Sakatlanma riski barindiriyor Evet Haywr Evet Evet Evet 1
mu?
19 Dezavantajli bireyler i¢in uygun Hayir  Hayir Hayir  Hayir  Haywr 5
sartlar var mi1?
20  Uygun yiiriiyiis alanlar1 var m? Evet Haywr Evet Haywr  Evet 2
21 Devam eden bisiklet yolu var m1? ~ Hayir ~ Haywr Hayir  Evet Hayw 4
22 Yaya kaldirimlarinda sorun var Evet Evet Evet Evet Evet 5
m?
23  Fiziksel aktivite yapilacak yerler =~ Evet Hayr Evet Hayir  Evet 3
var m1?
24 Peyzaj tasarimi yeterli mi? Hayw  Hayw Hayw  Hayw  Hayir 5
25  Goriiniirlik var mi1? Hayw  Hayw Evet Hayw  Evet 3
26  Zemin kaplamalar herkes i¢in Hayw  Hayw Hayw  Hayw  Hayir
uygun mu?
27  Estetik mi Evet Haywr Evet Hayir  Hayw 3
28 Bebek bakim odasi yeterli ve uy-  Haywr  Hayir Hayw  Hayw  Hayir 5
gun mu?
29 Mekani tamimlayici ve bilgilendi-  Hayir  Evet Hayw  Hayw  Hayr 4
rici tabelalar var mi1?
30 Sosyallesme olanagina sahip mi?  Evet Haywr Evet Haywr  Haywr 3

4. Sonug ve Oneriler

Caligsma alan1 bolgeler halinde irdelenerekkadinlarin kentsel alan kullaniminda yasadigi en 6nemli sorunlar
tim alanlar genelinde diisiiniilerek c¢izelgeden elde edilmis ve asagida 6zetlenmistir. Bu sorunlar kentsel
tasarim ilkeleri 6zelinde ana bagliklar seklinde ele alinmistir:

-Giivenlik: Calisma alanlarinin tiimiindeki mekanlarm her saat yeterli aydinlatmasimin olmadigi, yesil
alanlarin bakimsiz oldugu ve goriiniirligin yetersiz oldugu, izbe metruk alanlarin yer aldig
belirlenmistir. Tanimsiz ¢ikmaz sokaklar, yikik, virane béliimler, kadinlar agisindan tedirginlik yaratan ve dis
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mekan kullanimini Kisitlayan en onemli unsurlardir ve sagliklastirma gereklidir. Kadimnlarin giivenligini
saglamak i¢in belirli glivenli noktalar, acil alarmi1 ve bu noktalara yonlendirmeler de bulunmalidir.

-Konfor:Kamusal agik alanlarda yeterli biiytikliikte, ergonomik, estetik ve nitelik agisindan uygun dinlenme
alan1 bulunmamaktadir. Kadinlarin aligveris sirasinda ve giinliik yorucu tempolarinda g¢ocuklarinin ve
kendilerinin bakimi igin temiz 0zel alanlara ihtiyaglar1 vardir. Calisma alanlarinda sadece kordonun son
kisminda bebek bakim {initesi ve tuvaletler vardir. Oysa sinirli siireleri vardir ve en yakinda olmalidir. Kirik
kaldirim taslari, kaygan zeminler, ara¢ park edilen kaldirimlar, bisiklet ve motosikletlerin yaya yolunu
kullanmast gibi durumlar, ¢ocuklarin, ¢ocuklu kadinlarin, yashlar ve 6zel durumu olanlarin ulasimim
kisitlamakta konforu azaltmaktadir.

-Algt: calisma alanlarmin tiimiinde sunulan kullanimlar ve hizmetler yeterince tanimlanmamis ve
yonlendirme yapilmamistir. Kente yeni gelenler, ziyaretgiler ve yaslilar veya yogun kosturma iginde kafasi
karisan kadinlarin aradiklari her tiirlii seye kolay ve hizli ulagabilmesi i¢in tanitim, yonlendirme, sokak,
meydan, cadde isimlendirmeleri uygun standartlarda ve yeterli degildir. Tanimsiz mekanlar vardir.

-Estetik:Kent estetigi, kadin kullanicilar agisindan ¢ok 6nemli olup ¢alisma alanlar1 bu yonden ele alinarak
estetik tasarim c¢oziimleri yaratilmalidir.Kentsel alanlar estetik ve bakimli goriiniime sahip olduklarinda
giivenli ve konforlu olduklari algis1 olugsmaktadir. Kadinlar i¢in bu psikolojik etki agisindan daha etkileyicidir.
Caligma alanlarinda belirlenen tanimsiz, estetik olmayan mekanlar, karisikliklar, diizensiz tanitim levalari,
algilanmasi zor alanlar kadinlarin algisin1 zorlagtirmaktadir. Belirsizlik hissi yaratan alanlar kadinlar i¢in
yorucu, zaman kaybettirici ve endise uyandiricidir.

- Donati elamani eksikligi: Calisma alanlarinda kadin kullanicilar igin yeterli dinlenme alani, ¢op kutusu
gibi kent donati elemanlar1 bulunmamaktadir. Yaz aylarinda sahil boyunca yeterli gélge mekanlar da yoktur.
Ozellikle engelliler ve dezavantajli bireylerin kent agik mekanlarini kullanimi kolaylastirilmamistir. Oysa
onlarin toplumla daha fazla biitiinlestirilmeye ihtiyaci vardir ve onlarla ilgilenmek zorunda olan kadinlar da
boylece agik alanlardan yeterince yararlanamamaktadirlar.

- Kullanimlar: Kadinlarin giin boyu ve is ¢ikislarinda farkli mekanlardan ihtiyaglarini karsilamalar
gerektigi, hizli hareket etme zorunluluklari, cocuklari veya yasl ebeveynlerine bakmak durumunda olmalari
dikkate alinarak ¢alisma alaninda mevcut alan kullanimlar1 yeniden ele alinmali, estetik tasarimlar yapilmal
ve donatilar yenilenmelidir. Kentte goriiniirliigiin ve goézetimin de arttirilmasi, kor noktalarin bulunmamasi
onemlidir. Bu agilardan kent ¢ekirdeginin tarihi boliimiiniin dar sokak aralar1 ve kaldirimlari en dikkat ¢eKici
alanlardir.

Hayati 6nem tasiyan hastane, emniyet miidiirliigii, eczane gibi yerlerin kenti kullanan yabancilar i¢in mutlaka
tanitilmasi, yonlendirmelerin olmasi gerekir. Bu yonden de galisma alanlari zayiftir. Kadinlarin engok aligveris
yaptig1 yer alan pazar alaninin karsisindaki kiigiik sanayi isletmeleri kentin biraz daha disina taginmalidir.

Kent parklari kentlilerin dogal bir alanda dinlenirken estetik goriintiilerle ruhlarini dinlendirip kaliteli zaman
gegirebilecekleri, farkl bitkileri taniyabilecekleri ortamlar olmalidir. Kadinlar agisindan ¢ocuklari ile bunlari
paylagmalari, giinlin yorgunlugunu atmalar1 ve sosyallestikleri ¢ok énemlidir.Yesil alanlar hem kadinlar hem
de ¢ocuklari ig¢in dogayi tanima agisindan acgik hava laboratuvaridir. Bu baglamda kent yesil alanlari
yetersizdir. Kadinlarin kiiltlirel etkinliklere katilabilecegi, farkli iiretimler yaparak etkinlikler organize
edebilecegi agik yesil alanlar diizenlenmelidir. Sahilde kii¢iik birka¢ tezgah bulunan Morabim Parki artik
yetersiz kalmaktadir. Ayrica ¢ocuklar i¢in oyun alanlar1 da ¢ok yetersizdir. Halk Bahgesi igindeki zemin
sorunlu olup giintimiizde tiretilen hijyenik ve riski diisiik farkli yumusak zeminler kullanilmalidir.

Son yillarda niifusu hizla artan Canakkalekozmopolit bir yap1 kazanmistir. Bu durum kamusal hizmetlerin
artirllmasi ve ¢esitlendirilmesi ihtiyacini ka¢inilmaz kilmaktadir ve toplu tasima sisteminde onemli sorunlar
vardir. Canakkale’de biiyiik aligveris merkezi (Esas 17 Burda ), Universite Hastanesi ve Devlet Hastanesi ayn1
giizergahta yer almakta olup, her yas kentli tarafindan ¢ok sik kullanilmaktadir. Bu durumda kadinlarin durakta
bekleme siireleri cok uzamaktadir. Ozellikle aksam saatlerinde evlerine dénen kadinlarin sorun yasamamalari
icin otobiis sayilar1 artirilmali ve farkl hatlara ulasim saglanmalidir.

Bu ¢alismada Canakkale’de kadinlarin en yogun kullandiklar1 bolgeler segilerek alan ¢aligmasi yapilmustir.
Elde edilen bilgiler kentsel alanda kadin kullanimi agisindan nelere dikkat edilmesi hakkinda yonlendirici
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olacaktir. Calismada elde edilen veriler gelecekte yapilacak her tiirlii bilimsel ¢aligmaya 6rnek olusturabilecek,
kent tasarim ve planlamasinda kamu kurumlarina ve yerel yonetime katki saglayabilecektir.
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Oz - Elektrokimyasal prosesler, atiksudaki karisik kirletici yiikiinii tek basamakta aritabilmeleri ve kisa siirede yiiksek
giderim verimi saglamalar1 nedeniyle yaygin olarak kullanilmaktadir. Son yillarda bu aritim yontemleri ile ilgili en
hizli teknolojik gelismeler yenilikgi elektrot tiretimi alaninda olup, birgok arastirmaci anot ve katot aktivitesini arttir-
may1 amaglayan ¢aligmalar yapmaktadir. Bu ¢alismalarm bir diger hedefi ise elektrot iiretiminde en ¢ok kullanilan ve
yerkabugundaki oranlar1 her gegen giin azalan metallere alternatif olabilecek; elde edilmesi kolay, ucuz ve siirdiiriile-
bilir hammaddelerden elektrot eldesidir. Calismamizda kimyasal oksidatif polimerizasyon yontemi kullanilarak atik
karbon kege (KK) iizerinde pirol monomerinin FeCls.6H,0 oksidant1 ile polimerizyonu yapilmistir. Polimerizasyon
sonucunda polipirol kapli karbon kece (KK/PPy) elde edilmistir. KK/PPy ve KK’nin elektrot olarak etkinligi elektro-
oksidasyon prosesinde boya giderimi tizerinden arastirilmigtir. Ayrica pirol konsantrasyonu (0.05-1 M), oksidant kon-
santrasyonu (0.05-0.5 M) ve sicakligin (5-60°C) katodun kiitlesel artis1 ve direng azalis iizerine etkisi incelenmistir.
En yiiksek direng azaligini saglayan polimerizasyon kosullart 0.2 M pirol konsantrasyonu, 0.3 M FeCl3.6H,0 kon-
santrasyonu ve sicaklik 5°C olarak bulunmustur. Optimum kosullarda iiretilen KK/PPy ve islem gormemis KK elekt-
rooksidasyon prosesinde katot olarak kullanilarak aktiviteleri birbiri ile karsilagtirilmis ve boya gideriminde
KK/PPy’nin daha etkili oldugu goriilmiistiir. Ayrica tekstil atig1 olarak ortaya gikan atik karbon kegeden elektrot mal-
zemesi Uretilmesi siirdiiriilebilir bir yotem olarak ¢evrenin ve dogal kaynaklarin korunmasi ilkesine hizmet eden ye-
nilik¢i bir yaklagimdir.

Anahtar Kelimeler — Elektrooksidasyon, iletken polimerler, karbon kege, kimyasal oksidatif polimerizasyon, polipirol
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Research Article

Abstract — Electrochemical processes are widely used because they can remove the mixed pollutant load in
wastewater in a single step and provide high removal efficiency in a short time. In recent years, the technological
developments related to these treatment methods have been in the field of innovative electrode production. Research-
ers are striving to increase anode and cathode activity. Another goal of these studies is to produce electrodes from
easy-to-obtain, cheap and sustainable raw materials that can be an alternative to metals that are most used in electrode
production and whose ratios are decreasing day by day in the earth's crust. In this study, polypyrrole (PPy) coated
carbon felt was obtained by polymerizing pyrrole monomer with FeCl;.6H,O oxidant on carbon felt (KK) using the
chemical oxidative polymerization method (KK/PPy). The obtained KK/PPy and KK were investigated through dye
removal in the electrooxidation process. The effects of pyrrole concentration (0.05-1 M), oxidant concentration (0.05-
0.5 M), and temperature (5-60°C) on the mass increase and resistance decrease of the cathode were investigated. The
best polymerization conditions were found to be 0.2 M pyrrole concentration, 0.3 M FeCl;.6H,0 concentration, and
temperature 50°C. KK/PPy produced under optimum conditions and untreated KK were used as cathodes in the elec-
trooxidation process and their activities were compared. It was seen that KK/PPy was more effective in dye removal.
In addition, the production of electrode material from waste, which is generated from textile is an innovative approach
that serves the principle of protecting the natural resources as a sustainable method.

Keywords — Electrooxidation, conductive polymers, polypyrol, carbone felt, chemical oxidative polymerization.
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1. Giris

I¢inde bulundugumuz ¢agn kiiresel boyuttaki en énemli sorunlarindan biri artan atiksu miktar1 ve bilesiminin
niteliksel degisimidir. Dolayist ile atiksularin aritimi her gegen yil daha biiyiik bir 6nem kazanmaktadir
(Vijayakumar, Saravanathamizhan ve Balasubramanian, 2016; Das, Sharma ve Purkait, 2022; Wagner ve
Bauer, 2023). Atiksu aritiminda isletme kolayligi ve kisa siirede aritim saglamasi nedeniyle ayirma ve
konsantre etmeye dayali yontemler daha c¢ok tercih edilmektedir. Ancak bu proseslerde kirleticiler
adsorpsiyon, membran filtrasyon veya koagiilasyon gibi tekniklerle sivi fazdan kati1 faza aktarilmakta ve
boylelikle konsantre edilmektedir (Isgoren, Gengec ve Veli, 2017; Goriicii vd., 2022). Diger taraftan ileri
oksidasyona dayali sistemler kimyasal doniisiim ile tehlikeli veya toksik atiksulari toksik olmayan son tiriinlere
dontstirmektedir (Veli vd., 2019; Antony vd., 2020). Atiksu aritimi i¢in kullanilan elektrokimyasal
teknolojiler kalici kirleticilerin hizli ve tam bozulmalarini saglayarak modern toplumlarin siirdiiriilebilir ¢evre
hedefine ulagmalarina 6nemli katkida bulunmaktadir. Son yillarda bu alanda yapilan arastirmalar sayesinde
tiretilen yeni malzemeler ve reaktor tipleri elektrokimyasal aritimin verimliligini artirmigtir (Martinez-Huitle
vd., 2023). Elektrokimyasal oksidasyon prosesinde anodik oksidasyon, suda bulunan organik Kirleticilerin
bozunmasi i¢in yaygin olarak kullanilan bir teknolojidir (Martinez-Huitle vd., 2015). Elektrokimya teknolojisi
ile malzeme bilimindeki ilerlemeler elektrooksidasyon prosesinde kullanilan elektrotlarin hizla gelismesine
yol agmustir (Filip vd., 2020). Son y1llarda yapilan ¢aligmalar ise katot malzemesinin iiretimi ve modifikasyonu
iizerine yogunlagsmistir. Bu alanda 6zellikle karbon malzemeli, flor, azot ve fosfor katkili, karbon destekli
metal-metal oksit, metal oksit katotlar ¢ok ¢aligilmistir (Du vd., 2021). Giintimiizde maliyetinin diisiik olmast
ve iiretim kolaylig1 sebebi ile katot malzemesi olarak karbon kege kullanim1 yayginlagmistir. Bu malzemenin
elektriksel iletkenlik o6zelliginin gelistirilmesi icin iletken/yar1 iletken polimerler ile kaplanmaktadir
(Giiliimser, 2021).

Elektriksel olarak iletken polimerler, metallerin elektronik 6zellikleriyle, polimerlerin kimyasal ve mekanik
ozelliklerini birlestiren bir organik siifidir (Kuhn, Child ve Kimbrell, 1995). iletken polimerler sarj olabilen
pil iiretimi, diyot, iletken kaplamalar, antistatik materyallerin eldesi, gaz sensdrleri, bakteri ve toz tutmayan
kiyafetlerin tiretimi gibi ¢esitli endistrilerde kullanilmaktadir (Adamhasan, 2008; Oh, Hong ve Kim, 1999).

Iletken polimerler arasinda en fazla uygulama alanina sahip olanlar polianilin (PAni) ve polipiroldiir. Bu
polimerlerin tercih edilmesinin baglica sebepleri; iyi bir iletkenlige sahip olmalari, dis kosullardan
etkilenmemeleri, kolay ve ucuz bir sekilde sentezlenebilmeleri seklinde siralanabilir (MacDiarmid ve Epstein,
1994).

Iletken polimerlerle kaplama islemi kimyasal polimerizasyon, plazma polimerizasyonu, elektrokimyasal
polimerizasyon ve asilama polimerizasyonu gibi yontemler kullanilarak yapilabilmektedir (Kutanis vd., 2007).

Polianilin ve polipirol gibi iletken polimerlerin kullanilmasi kumaslarin mekanik 6zelliklerini kaybetmeden
iletken Ozellikte Uretilebilmesine imkan saglamaktadir (Cihaner, 2004). Bu sayede tekstil endiistrisinde
elektriksel olarak iletken kumas ve kege tiretiminde polimerler kullanilmaya baglanmistir (Kang vd., 2005).

Kim ve arkadaslarinin yaptiklar1 caligmada kimyasal ve elektrokimyasal polimerizasyon yontemi kullanarak
poliester (PET) dokuma kumas {iizerine polipirol kaplamislardir. Kimyasal polimerizasyon yonteminde
polimerizasyon sicakligi, oksitleyici ve monomer konsantrasyonu, oksitleyici tiirli gibi parametrelerin kumasin
elektriksel iletkenlik 6zelligi iizerine etkisini incelemislerdir (Kim vd., 2002).

Kaynak ve arkadagslarinin yaptiklari ¢alismada polipirol ile kontinii buhar polimerizasyon yontemi kullanilarak
iletken bir yapiya sahip yiin, pamuk ve naylon iplikler iretilmistir. Kullanilan FeCls ¢ozeltisinin
konsantrasyonu ve ipliklerin biikiim miktar1 degistirilerek ipliklerin iletken 6zellikleriyle polipiroliin kaplama
derecesi incelenmistir. Aragtirma sonucunda polipiroliin iplik i¢ine olan penetrasyonu ve kaplamanin kalinlig
gibi ozelliklerin ipligin fiziksel parametreleri iizerine etkili oldugu bulunmustur (Kaynak, Najar ve Foitzik,
2008).
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Avloni ve arkadaslari poliester nonwoven ve poliester dimi kumaslarini PPy ile kaplamislardir. Kaplama islemi
sonucunda poliester dimi kumaslarinin yiizey direncini 40 ohm, poliester nonwoven kumasinin ylizey direncini
ise 18 ohm olarak bulmuslaridir (Avloni vd., 2007).

Kincal ve arkadaslar1 antrakinon sulfonik asidi dopant olarak kullanarak in-situ polimerizasyon prosesi ile PET
kumaslar1 PPy ile kaplamislardir. Bunun sonucunda kumaslarin yiizey direng degerinin 20 ohm/kare oldugunu
belirlemislerdir (Kincal vd., 1998).

Hakansson ve arkadaslari kimyasal oksidatif polimerizasyon yontemini kullanarak poliester-likra kumasglarini
PPy ile kaplamislardir. Polimerizasyon siiresinin ve dopant konsantrasyonunun yiizey direncine etkisini
arastirmiglardir. Kaplama islemi sonrasinda kumaglarin yiizey direng degerlerinin 180-1300 ohm/kare
araliginda oldugunu ifade etmislerdir (Hakansson, Amiet ve Kaynak, 2006).

Bu ¢alismada kimyasal oksidatif polimerizasyon yontemi ile KK tizerine PPy kaplanacak ve bu malzemenin
elektrooksidasyon prosesinde KK/PPy katot olarak kullanilabilirligi arastirilacaktir. Katodun kiitlesel artis ve
direng azalis iizerine pirol konsantrasyonu, oksidant derisimi ve sicaklik parametrelerinin etkisi incelenecek,
en yiiksek direng azaligini saglayan optimum kaplama kosullar1 belirlenecektir. Optimum kosullarda iiretilen
KK/PPy ve islem gérmemis KK’ nin elektrooksidasyon prosesinde katot olarak kullanilabilirligi boya giderimi
tizerinden degerlendirilecektir.

2. Materyal ve Yontem

Deneysel caligmalarda yerel bir tekstil fabrikasindan temin edilen atik karbon kegeler 3x3 cm boyutlarinda
kesilerek kullanilmustir.

Kimyasal oksidatif polimerizasyon yontemi kullanilarak pirol monomerinin (C4sHsN) demir (III) kloriir
hekzahidrat (FeCls.6H.0) oksidanti ile polimerizasyonu gergeklestirilmistir.

Karbon kege iizerine pirol monomerinin in-situ polimerizasyonu i¢in Oncelikle belirli konsantrasyonda
hazirlanan pirol monomeri distile su igerisinde ¢dziilmiistiir. Ardindan bu ¢dzelti igerisine 3x3 cm boyutundaki
KK daldirilmig ve 30 dakika boyunca belirli bir sicaklikta calkalayici igerisinde 120 rpm’de karistirilmastir.
Bagka bir beherde istenen konsantrasyonda hazirlanan FeCls.6H,O distile su igerisinde ¢Oziilmiistiir.
Hazirlanan bu ¢ozelti damla damla olacak sekilde karbon kegelerin iginde bulundugu karigima eklenmistir.
Belirli bir sicaklikta bu ¢6zelti 150 dakika boyunca calkalayici ile 120 rpm’de karigtirilmistir. Karigtirma islemi
sonrasinda karbon kege 6rnekleri ¢ozelti igerisinden gikarilmistir. Ardindan distile su kullanilarak yikanmig ve
oda sicakliginda kurutulmustur (Lin vd., 2005).

Karbon kegelerin direngleri iki nokta prob yontemi kullanilarak 6l¢iilmiistiir. Prob yontemi ile direng 6l¢timii;
multimetre (Wellhise-DT-830D) cihazinin iki probunun karbon kege tizerine yerlestirilerek direng 6l¢iimii
yapilmasi esasina dayanmaktadir. Bu amagla karbon kege iizerinde 10 farkli noktadan direng Olgiilerek
bunlarin aritmetik ortalamasi alinmis ve ortalama direng azalig degeri denklem 2.1 kullanilarak hesaplanmistir.

Diren¢ Azalisi (%) = R'I;Rz x 100 (2.1)
1

Burada R1 KK’nin direnci, Rz ise polimerizasyondan sonraki KK/PPy’nin direncidir.

Karbon kegelerin kiitlesel artis degeri, kKimyasal polimerizasyon yontemi ile olusan polipirolden dolay1 karbon
kegenin kiitlesinin artmasini ifade etmektedir ve kaplama isleminden 6nce ve sonra karbon kegelerin kuru
agirhiklarn tespit edilerek denklem 2.2°de verilen formiile gére hesaplanmustir.

Kiitle Artist (%) = "2 x 100 (2.2)
1
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Burada W karbon kege (KK)’nin kuru kiitlesi, W» ise KK/PPy’nin kuru kiitlesidir.

3. Bulgular ve Tartisma
Bu ¢alismada pirol konsantrasyonunun, oksidant derisiminin ve sicakligin, KK/PPy’ye ait kiitlesel artis ve
direng¢ azalis1 degerleri lizerine etkisi incelenmistir.

3.1. Pirol Konsantrasyonunun Etkisi

Pirol konsantrasyonunun kiitlesel artis ve direnc azalisi {izerine etkisinin arastirilmasi amaciyla 0.2 M
FeClz.6H,O ve 25°C sicaklikta, farkli pirol konsantrasyonlart ile (0.05-1 M) KK/PPy iiretimi
gergeklestirilmistir. Elde edilen sonuclar KK/PPy kiitle artis1 ve direng azalisi lizerinden Sekil 1°de verilmistir.

Kiitlesel artis (%)
w (2]
o o
1 |
T T T T T T 1
N w H (42 D ~ 0]
o o o o o o o
Direng Azalist (%)

T
=
o

o
!
T
o

0,05 0,1 0,2 0,5 0,75 1
Pirol Konsantrasyonu (M)

Sekil 1. Pirol konsantrasyonunun KK/PPy kiitle artis1 ve direng azalisi iizerine etkisi

Sekil 1’deki sonuglara gore en yliksek kiitle artis1 (%52) ve direng azalis1 (%73) pirol konsantrasyonunun 1 M
oldugu durumda gozlenmistir. Pirol konsantrasyonunun yiikselmesine bagli olarak KK/PPy kiitle artisinda ve
diren¢ azalisinda artma gorilmistiir. Direng azalisinda meydana gelen artig, polimerizasyon esnasinda
kumasin yapisinda iletkenligi saglayan kanallarin meydana gelmesi ve bu kanallarin sayisinin artmasindan
kaynaklanmaktadir (Wang vd.,2012; Omastova, Pionteck ve Kosina 1996; Rehan Abbasi vd., 2012).

Fakat 0,2 M pirol konsantrasyonundan daha yiiksek degerlerde direng azalisi bakimindan anlamli bir artis
meydana gelmemistir. Bu nedenle optimum pirol konsantrasyonu 0.2 M olarak seg¢ilmistir.

3.2. Oksidant Konsantrasyonunun Etkisi

Kiitlesel artis ve direng azalig1 iizerine oksidant konsantrasyonunun etkisinin incelenmesi ig¢in optimum
olarak belirlenen 0.2 M pirol ve 25°C sicaklikta, farkli oksidant (FeCls;.6H,0) konsantrasyonlar ile (0.05-0.5
M) KK/PPy iiretimi yapilmistir. Sonuglar Sekil 2°de verilmistir.
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Sekil 2. Oksidant konsantrasyonunun KK/PPy kiitlesel artis ve direng azalisi tizerine etKisi

Sekil 2°den gorildiigh tizere en yiiksek %39’luk kiitlesel artisa 0.2 M’lik FeCls.6H.O konsantrasyonunda
ulasilirken, %78’lik en yiiksek direng azaligima ise 0,3 M FeCls.6H>O konsantrasyonunda ulasilmigtir.
Elektrooksidasyon prosesinde iletkenlik artisi 6nemli bir parametre oldugundan optimum oksidant
konsantrasyonu 0.3 M FeCls.6H,0 olarak belirlenmistir.

0.05-0.3 M oksidant konsantrasyonlarinda direng azalisinda artis gézlemlenmistir. Artan oksidant derisimine
bagh olarak kiitlesel artis ve iletkenlikte meydana gelen artigsin sebebi polimer gévdesi iizerindeki dopant
iyonunun artigindan kaynaklanmaktadir. (Saravanan, Shekhar ve Palaniappan, 2006). Ayrica diisiik oksidant
derisimlerinde ¢ozeltideki oksidant miktar1 az oldugu igin polimerizasyon baslangigta hizli olmaktadir.
Polimerizasyonun hizli gergeklesmesi kisa zincirlerin olugmasimi saglamaktadir. Buna bagl olarak
konjugasyon da kisa olmakta ve iletkenlik diisiik kalmaktadir (Lei, Cai ve Martin, 1992).

0.3-0.5 M araliginda oksidant konsantrasyonunda artis devam ederken diren¢ azalisinda azalma meydana
gelmektedir. Bunun nedeni, PPy’nin kimyasal polimerizasyonunda yiikseltgen olarak kullanilan demir
tuzlarinin konsantrasyonundaki asir1 artigin, polipiroliin iletkenliginin diismesine sebep olmasidir. Bu durumun
ikincil veya yan {iriiniin kopolimerizasyonundan kaynaklandigi diigiiniilmektedir (Sayar, 2008).

Literatiirde bu ¢alismaya benzer sonuglarin elde edildigi bir yayinda PPy/Polipropilen (PPy/PP) kompozitinin
hazirlanmasinda FeCls yiikseltgen olarak secilmistir. FeCls konsantrasyonunun artigiyla iletkenlik de
ylikselmistir. 0.05 M’dan daha yiiksek FeCls konsantrasyonlarinda iletkenlik 10 S/cm’nin {istiine ¢ikarken
0.5 M’dan daha yiiksek konsantrasyonlarda ise kompozitin iletkenligi en fazla 2 S/cm’ye kadar ¢ikmistir. Daha
yiiksek konsantrasyonlarda ise iletkenlikte anlamli bir artis gézlenmemistir. (Yang vd., 1996). Aramid/PPy
kompozitinin iletkenligine FeCls konsantrasyonunun etkilerinin incelendigi bir ¢caligmada 0°C ve 20°C’de
yapilan deneylerde FeCls konsantrasyonunun artisiyla birlikte her iki sicaklikta da iletkenlikte artis meydana
gelmistir. FeCls derisimi %15’e ulastiktan sonra iletkenlikte anlamli bir artig olmamustir (Cho ve Jung, 1997).

3.3. Sicakh@in Etkisi

Sicakligin kiitlesel artis ve direng azalis1 iizerine etkisini inceleyebilmek amaciyla optimum olarak
belirlenen 0.2 M pirol ve 0,3 M FeCls.6H-0 konsantrasyonunda 5, 25, 40 ve 60°C’lik ortamda polimerizasyon
yapilmustir (Sekil 3).
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Sekil 3. Sicakligin KK/PPYy kiitlesel artis ve direng azalisi tizerine etkisi

Sekil 3 incelendiginde en yiiksek kiitlesel artig (%54) ve direng azalis1 (%93) 5°C’de ve en diisiik kiitlesel artis
(%26) ve direng azalis1 (%36) 60°C’de meydana gelmistir. Sicakligin azalmasiyla kiitlesel artis ve direng

azalig1 ylizdelerinde artis gozlemlenmistir. Bu sebeple optimum polimerizasyon sicakligi 5°C olarak
belirlenmistir.

Polipiroliin diisiik sicaklik degerlerinde iletkenligin daha yiiksek oldugu yapilan caligmalarda da ortaya
konmustur. Ornegin 0-5°C gibi diisiik sicakliklarda demir tuzlari sulu ¢dzeltide en yiiksek iletkenligi elde
edebilmek amaciyla kullanilmistir (Myers, 1986).

Sicaklik artigina bagli olarak PPy veriminde meydana gelen azalmanin sebebi PPy polimerizasyonunun
ekzotermik olusu ile agiklanabilir. (Lu, Pich ve Adler, 2004). Sicaklik artigiyla birlikte diisiik molekiil agirlikli
¢Oziinebilir triinlerin meydana gelmesi miimkiin olmaktadir. Diigiik molekiil agirlikli polimerlerde ¢esitli
sebeplerden dolay1 iletim yolunda kesilmeler olmakta ve bu nedenle iletkenlikte azalmalar meydana
gelmektedir (Duran vd., 2009). Ayrica sicakligin artisiyla birlikte iletkenligin azalmasinin bir sebebi polimer
govdesindeki dopant anyonlarinin kaybi olarak gosterilebilir (Saravanan, Shekhar ve Palaniappan, 2006).

3.4. KK ve KK/PPy’nin EO Prosesindeki Verimliliginin incelenmesi

KK ve optimum kosullarda iiretilen KK/PPy katotlarmin elektrooksidasyon prosesi ile boya (Isolan
Bordeaux 2S-B) giderim verimi tizerinden etkinlikleri incelenmistir. Bu amagla elektrooksidasyon prosesinin
kosullari; ¢caligma hacmi 250 ml, paslanmaz ¢elik anot, baglangi¢ boya konsantrasyonu 25 mg/L, elektrolit
konsantrasyonu 0.5 g/L NaCl, akim yogunlugu 2 mA/cm? ve reaksiyon siiresi 30 dakika olarak secilmistir.
Zamana bagli ¢izilen boya giderim verimlerine ait grafik Sekil 4’te verilmistir.

986



Journal of Advanced Research in Natural and Applied Sciences 2023, Cilt 9, Say: 4, Sayfa:981-989

[ KK/PPY
1001 I k<

g 80
E
o
> 60
£
&
=]
‘S 40 1
[
P
o
s}

20

0
5 10 15 20 25 30

Siire (dakika)

Sekil 4. KK ve KK/PPy’ye ait boya giderim verimleri

Sekil 4’e gore islem goérmemis karbon kece katot olarak kullanildiginda, 30 dakikalik elektrooksidasyon
sonucunda %83’liik boya giderimi saglamistir. Karbon kege iizerine polipirol kaplanmasi ile elde edilen
malzemenin kullanilmas1 halinde ise verim %99’a yiikselmistir. Kaplama islemi ile meydana gelen iletkenlik
artig1 ayni zamanda katodun elektro-katalitik aktivitesini arttirarak boya giderim veriminin yiikselmesine sebep
olmustur.

4. Sonuglar

Elektrooksidasyon prosesinde giderim verimini etkileyen en 6nemli unsurlardan biri elektrodun tipidir. Son
yillarda yapilan calismalar anodun gelistirilmesinin yani sira katot etkinliginin arttirilmasi {izerine
yogunlagsmistir. Bu ¢calismada karbon kege polipirol ile kaplanarak iletkenligi arttirilmis ve elektrooksidasyon
prosesi ile boya gideriminde katot olarak kullanilmustir. Yapilan deneyler artan pirol konsantrasyonunun ile
kiitlesel artisin ve diren¢ azaliginin arttigini gdstermistir. PPy’nin karbon kegeye kaplanmasinda oksidant
olarak kullanilan FeCls.6H20’in optimum konsantrasyonu 0.3 M olarak bulunmustur. Ayrica reaksiyon
sicakligi azaldikca KK/PPy’in direnci azalmustir. Islem gormemis karbon kece ve KK/PPy’nin
elektrooksidasyon sonrast boya giderim verimleri sirasiyla %83 ve %99 olarak bulunmustur. Bu ¢aligma
sonucunda iletken polimerlerin atik karbon keceye kaplanarak katot olarak kullanilmasinin siirdiirtilebilir bir
yaklasim oldugu, kaplama prosesinin kolaylig1 ve elektrot islevselligi agisindan gelecek c¢alismalara 1s1k
tutabilecegi goriilmistiir. Ayrica ileriki ¢aligmalarda farkli iletken polimerler ile kaplama yapilarak cesitli
atiksularda da katot olarak kullanilabilirligi incelenebilir.
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Article History Abstract — This research was conducted on young olive (Olea europaea L.) trees in a private cultivation land located

Received: 07.07.2023 in Bozkoy closed to Geyikli District of Canakkale Province, Tiirkiye in the year 2018. The study aimed to investigate
the effects of different doses of vermicompost [(control) 0, 2, 4, 6 kg tree’*] on macro and micro nutrient elements of
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Research Article (N), phosphorus (P), potassium (K), calcium (Ca), and magnesium (Mg) stayed inside the limit values upon applica-
tions of increasing doses of vermicompost. While the changes were statistically non-significant. Even though, this
research was an annual study comprised on a single year, where N was in an increasing trend and 2 kg tree was
found to be the most effective dose of vermicompost on N values (17.13 g kg™). Among the leaf micro nutrient
elements, statistically significant increases were obtained by 2 kg tree on copper (Cu) (31.32 mg kg*), on manganese
(Mn) (50.77 mg kg%, and 6 kg tree’?, on zinc (Zn) (21 mg kg'*); while a decrease was observed on iron (Fe) concen-
tration by 6 kg tree (100.88 mg kg™). Micro nutrient elements remained under the limit of toxic effect upon all the
applications. The dose 2 kg tree™ was determined to be the most suitable one in terms of both macro and micro
element concentrations under such trial circumstances.
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1. Introduction

Natural needs of human beings such as feeding, sheltering, healthy life, dressing and heating have been
increased in parallel with the increasing world’s population and ecological conditions. Agriculture, which is
crucial for the nutrient supply to maintain human life also forms the basis of economy. While the unconscious
use of chemical fertilizers and pesticides threaten the human and environmental health, improper agricultural
practices may contaminate the soil, cause environmental problems as well as the consumption of natural
sources.

Since enlarging the agricultural lands in Tiirkiye is not possible, preservation of the current agricultural land
is crucial. “Organic and sustainable” terms evolved in the process for the search of appropriate and modern
practices to preserve the natural balance (Acikgoz, 2009). The main element in the sustainable soil efficiency
is the soil organic matter. Addition of organic matters to meet the low organic matter in the soil of Tiirkiye is
obligatory. Animal manure, plant residues, mulching, farmyard manures and compost are among the leading
practices to enhance the number of soil organic matters. Along with the above-mentioned practices, the organic
matter can also be increased by the conscious and trained farmers who comprehend the situation by which the
organic matter content is low in 79% of the soils in Tirkiye (Eyiipoglu, Kurucu, & Talaz, 1999). Organic
matter loss due to some reasons is still higher than the addition of them to the soils. Therefore, educating the
farmers about the different methods of soil cultivation and not performing scouting, and leading them to good
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agricultural practices will help the conservation and then preservation of the current soil organic matter and
the efforts to increase them.

There is a delicate balance on earth so that every single living organism has a vital role and benefit to the
nature. Use of organic fertilizers and microorganisms in agriculture is on the table according to the researches.
As a result, vermicompost which is known for its positive effects among the organic materials has become
important. Vermicompost is the process of conversion of natural wastes to fertilizer by decomposing by earth-
worms. These fertilizers are called “vermicompost” or ““vermicast”. Manure of the earthworms (vermicompost)
which are called as “ecosystem engineers” include live nitrogen fixing fungi (Demir, Sénmez, & Polat, 2010).
Beneficial microorganisms, plant nutrient elements, rhizobium bacteria, coelom liquid and enzymes enhance
the structure of soil. Earthworms affect the soil fertility and plant production, and can also enhance the balance
of soil, increase soil permeability and porosity as well as mix organic matter (OM), lime and fertilizers with
soil. Different studies revealed that the vermicompost enhanced plant height, fresh weight and root develop-
ment (S6nmez, Citak, Kogak, & Yasin, 2011). The reason why vermicompost is important for agriculture and
soil is that besides containing soluble and available forms of macro and micro nutrients. It also includes organic
compounds and microorganisms that enhance plant growth. Nutrients in the organic wastes passing through
the worms’ gut can be easily uptake by the plants without any loss since they are thrown out after naturally
chelated and are in colloidal form. Earthworms are known to inhibit the soil erosions with the help of the
galleries they open via which they decrease the surface water in inclined lands and inhibit the water flow
(Edwards & Arancon 2022).

In this study, olive (Olea europaea L.) trees, which are one of the most important crop in Mediterranean coun-
tries and also an important source of income of the farmers in Geyikli District of Canakkale Tiirkiye, were
selected as research material. Olive trees were about 14-15 years old and Ayvalik oil type. Vermicompost was
produced from farmyard manure and organic wastes. The aim of this research is to investigate the effect of
increasing rates of vermicompost applications on olive tree leaf nutrient concentrations.

2. Materials and Methods

The study to investigate the effect of different doses of vermicompost on the nutrients of olive trees was
conducted on Ayvalik oil type olive (Olea europaea L.) trees of 14-15 years old situated in a private production
land located in Ezine/Geyikli District of Canakkale Province located on 39° 50' 12" N, 26° 12' 4" E. The
vermicompost used in the study was produced as a result of composting fermented farmyard manure and organic
wastes produced by the earthworms reared in Canakkale Onsekiz Mart University, Faculty of Agriculture in the
years 2017 and 2018. An amount of vermicompost was obtained and dried in the incubator for 48 hours at 60-80
°C of temperature (Kacar & Inal, 2010). After the drying process, the vermicompost was grinded with a stain
knifed grinder. Macro and micro nutrients were determined with ICP-OES after proper extraction (Miiftiioglu,
Tiirkmen, & Cikil1, 2014). The results of fertilizer analysis are given in Table 1.

Table 1.
Nutrient content of the applied vermicompost (VC)
pH EC Or- C/IN OM N P K Ca Mg Fe Mn Cu Zn
(dS;)m' ganic-C (%) (gkg’) (gka") (gkg?) (gkgh) (gkgh) (ppm) (ppm) (ppm) (PPM)
(%)
VC 6.10 2.38 30.12 1351 51.93 22.25 9.43 16.92 20.75 5.58 2455.2 160.9 38.1 87

The experiment was conducted on 20 trees according to randomized complete block design with five replica-
tions and four different doses. Soils have been sampled in February from the crown projection area (0-30 cm)
of the trees in research plots. Results are given in Table 2. Basic fertilization is arranged (Irget, Anag, Kilig,
Tepecik, & Ozer, 2010). Each plot received 10 kg da* K,SO4, 10 kg da* MAP in November and 20 kg da
(NH4)2SO4 in April. The vermicompost doses were determined as 0 (control), 2, 4 and 6 kg tree’* upon the dry
weight, except the control treatment. The determined amount of vermicompost was applied as burying to 15-
20 cm depth to the tree crown projection area on the date of 18.02.2018. Additionally, each tree received 100
liters of water after vermicompost application.
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Table 2.

Properties and nutrient contents of the soil of the study area
Fundamental Analyses Macro Nutrients Micro Nutrients
pH 751  Total N (%) 0.03 Available Fe (ppm) 7.12
(Richards, 1954) (Bremner & Mulvaney 1982) (Lindsay & Norvell, 1978)
EC (%) 0.06  Awvailable P (ppm) 5.62 Available Mn (ppm) 8.49
(U.S. Salinity Lab. Staff, 1954) (Olsen & Sommers, 1982) (Lindsay & Norvell, 1978)
Organic Matter (%) 0.69  Available K (ppm) 180.71  Available Cu (ppm) 1.35
(Nelson & Sommers, 1996) (Jackson, 1985) (Lindsay & Norvell, 1978)
Soil Texture Loam Available Ca (ppm) 3637.54  Available Zn (ppm) 0.12
(Bouyoucos, 1951) (Jackson, 1985) (Lindsay & Norvell, 1978)
CaCOs (%) 8.05  Available Mg (ppm) 59.87
(Loeppert & Suarez, 1996) (Jackson, 1985)

Available Na (ppm) 13.01

(Jackson, 1985)

Usanmaz, Canozer, & Ozahg1 (1988) reported that the olive trees grew well on the range of pH between 6.0-
8.0, and the soil was appropriate for olive cultivation. According to the results, the soil was mildly alkaline
without any saltiness risk. Llamas (1984) indicated that the olive soils should have organic matter of >1%. The
soil in this study was determined to be very poor in terms of organic matter. The lime in the loamy soil was
found to be high. Uyanik & Ekinci (2017) and Kacar & Katkat (2022) indicated that the loamy soil was ap-
propriate for olive cultivation as long as homogeneity was maintained. Among the macro elements, the soil N
was very low, P and K was deficient. Geng, Moltay, Soyergin, Fidan, & Stit¢ii (1991) indicated that the soil in
Marmara region olive soils should have Mg amount of 66-930 mg kg™. The concentrations of Ca, and Na in
the soil of this study were sufficient. The Zn concentration, among the micro nutrients, was deficient while
Cu, Fe, and Mn concentrations were sufficient.

The fruit ripening time when the proper leaf sampling time for olive trees started (30.11.2018 for this study)
Bozkaya, 2009; Kutlu & Sen, 2011), the couple of leaves on the middle of the tip of annual shoot were taken
for the purpose of sampling. Around 180 leaves were obtained from each tree and got ready for analysis in the
laboratory. All samples were washed to remove any adhering soil particles and rinsed with distilled water. The
plant samples were dried at 65-70 °C for 48 h and then grinded and made ready for analysis. Leaf samples
were used for total nitrogen determination with Kjeldahl method which is a wet decomposition method (Nelson
& Sommers, 1980). Plant extracts were obtained with dry decomposition to determine the macro and micro
nutrient elements except N, using ICP-OES (Perkin EImer OPTIMA-5300 DV) device.

Analysis of variance of the data was carried out with F test, multiple comparison of the means were done with
Duncan Multiple Comparison (a< 0.05).

3. Results and Discussion

3.1. Effect of Vermicompost on N Concentration of Leaf

The results of the N concentration in olive leaves upon applications of increasing rates of vermicompost (0,
2, 4and 6 kg tree?) are given in Figure 1.
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Figure 1. The effect of vermicompost applied to soil at increasing rates on olive tree leaf total N concentration

Compared to (16.39 g kgt), the N concentration of olive leaves were found to be 17.13, 16.97 and 16.54 g kg
L upon increasing rates of vermicompost (2, 4 and 6 kg treet) shown in Figure 1. The N concentrations in-
creased by 4.51%, 3.53% and 0.91% upon 2, 4 and 6 kg tree™?, respectively as compared to the control treat-
ment. Although, there are increases in N concentrations and they were non-significant statistically. The highest
N concentration was obtained by the application of 2 kg tree* vermicompost (Figure 1).

The N concentrations of olive tree was inside the limit values in all applications including the control treatment
(Jones, Wolf, & Mills, 1991; Haspolat, 2006) and the levels were sufficient. Zincirlioglu (2010) conducted
research with Ayvalik oil type olives in Ayvalik region and reported that the N concentrations in the leaves
were recorded between 0.74-1.33% in traditional gardens, while they were observed between 0.90-1.48% in
organic gardens. The N concentrations in all the applications including the control, were 1.67% in average and
sufficient according to Reuter & Robinson (1986). Sahin (2013) determined that the organic fertilizer
application of different doses (0-0.5-1 and 1.5 kg tree™?) did not affect the leaf N content significantly on his
study of two years. These results were compatible with those of our study. The results of the same study
showed that the N content of the leaves in the first year were noted as 1.12% upon 0.5 kg tree™, 1.07% uponl
kg tree!, and 1.24% upon 1.5 kg tree applications, while they were 0.91% upon 0.5 kg tree, 0.90% upon 1
kg tree’t and 0.95% upon 1.5 kg tree ! applications in the second year of the study where the N contents were
lower than that of the first year of the study.

3.2. Effect of Vermicompost on P Concentration of Leaf

The results of the P concentration in olive leaves upon applications of increasing rates of vermicompost (0,
2, 4and 6 kg tree) are given in Figure 2.

Compared to control (0.97 g kg?) the P concentrations in olive plant were 0.90, 1.00 and 0.91 g kg* with
increasing rates of vermicompost (2, 4, and 6 kg tree) shown in Figure 2. 2 and 6 kg tree vermicompost
applications decreased the P concentration of the tree while 4 kg tree! increased it compared to the control
treatment. Although, there were increases and decreases, and they were non-significant statistically (Figure 2).
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Figure 2. The effect of vermicompost applied to soil at increasing rates on olive tree leaf P concentration

The P concentrations of olive leaves were on the lowest value (>1.0 g kg) of the limit values described by
Jones et al. (1991). Llamas (1984) reported P,Os should be >50 mg kg* for olive cultivation. Frantzeskakis,
Vassouglou, & Androulakis (1977) reported that the available phosphorus should be >20 mg kg and that the
response of olive to phosphorus to be low (Zincirlioglu, 2010). In our study, the vermicompost applications
were not effective on P concentrations in olive leaves can be explained by lower mineralization rate in soil
although vermicompost contains higher P than that of the farmyard manure (Citak, 2011).

3.3. Effect of Vermicompost on K Concentration of Leaf

The results of K concentration in olive leaves upon applications of increasing rates of vermicompost (0, 2,
4 and 6 kg tree) are given in Figure 3.

As compared to control treatment (11.95 g kg), the K concentrations of olive leaves were recorded as 11.04,
11.31 and 11.65 g kg* upon increasing rate of vermicompost (2, 4 and 6 kg tree™) applications shown in Figure
3. The decreases according to control with 2, 4, and 6 kg tree™ applications were observed as 7.62%, 5.36%
and 2.51%, respectively. Variations in K concentrations were statistically non-significant. The reason for the
non-significant change in leaf K can be available K in soil being in sufficient amount.

Zincirlioglu (2010) reported that the K concentration in olive is between 0.9-1.4% in the first year of study,
0.5-1.2% in the second year in traditional gardening, while it was noted as between 0.6-1.2% in the first year
and between the 0.5-1.1% in the second year in organic gardening.
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Figure 3. The effect of vermicompost applied to soil at increasing rates on olive tree leaf K concentration

Sahin (2013) determined in two-year study that the vermicompost did not have significant effect on olive leaf
K concentrations, however, the interaction of year x dose was significant. K values (0.09-0.13%) were insuf-
ficient in both years according to Reuter & Robinson (1986).

K concentrations were found into the limit values (Haspolat, 2006; Reuter & Robinson, 1986) and in sufficient
limits different doses of vermicompost application. The available K in soil was sufficient (Table 2) and this
might be the reason why there were no significant change in olive leaves in terms of K concentrations.

3.4. Effect of Vermicompost on Ca Concentration of Leaf

The results of Ca concentration in olive leaves upon applications of increasing rates of vermicompost (0,
2, 4and 6 kg tree?) are given in Figure 4.

As compared to control treatment (16.18 g kg*), Ca concentrations of olive tree upon increasing vermicompost
applications (2, 4, and 6 kg tree*) were recorded as 16.78%, 15.78% and 16.57%, respectively shown in Figure
4. While 2 and 6 kg treeincreased Ca concentration of olive, 4 kg tree! decreased when that compared with
the control treatment. Although there are increases and decreases as compared to control treatment, are not
found to be statistically significant (Figure 4).
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Figure 4. The effect of vermicompost applied to soil at increasing rates on olive tree leaf Ca concentration

Reuter & Robinson (1986) indicated that the available Ca should be between 1.4-2.4% for the good
development for olive cultivation. The effect of vermicompost on olive Ca was between 1.5-1.6% in our study,
and it was compatible with the previous study literatures. Ca concentrations of olive leaves upon different
doses of vermicompost were found into the limit values (Jones et al., 1991; Haspolat, 2006), and they were all
sufficient. Erylice (1980) reported that the Ca in leaves of Ayvalik type trees as recorded as 0.88-2.14%. Our
results are similar to the previous study literatures. Sahin (2013) reported that the Ca concentrations in olive
leaves were the highest upon vermicompost application (0.136%) in the first year of study where the doses
were applied between 0- 0.5- 1 and 1.5 kg tree. In the second year of study, there was an increase upon
vermicompost application, however, the concentration was not sufficient according to Reuter & Robinson
(1986). Macro plant nutritional elements (N, P, K, Ca and Mg) were found to be different in Tepecik et al.,
(2022).

3.5. Effect of Vermicompost on Mg Concentration of Leaf

The results of Mg concentration in olive leaves upon applications of increasing rates of vermicompost (0,
2, 4and 6 kg tree?) are given in Figure 5.
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Figure 5. The effect of vermicompost applied to soil at increasing rates on olive tree leaf Mg concentration

As compared to the control treatment (1.64 g kg*), the Mg concentrations with increasing rates of vermicom-
post applications (2, 4, and 6 kg treet) were found to be 1.70, 1.59 and 1.58 g kg* shown in Figure 5. There
was an increase in Mg concentration of olive upon 2 kg tree* vermicompost dose as compared to control
treatment, but there were decreased with 4 and 6 kg tree* vermicompost doses. Although, there are increases
and decreases, and were not statistically significant (Figure 5).

Erytiksel (2016) observed the changes on onion, garlic, parsley and purslane by vermicompost application in
2 kg pots. The results of the study were similar to ours as there was increase up to 2 kg tree dose and later
there were decreases. Mg concentrations were low in all applications including control treatment according to
Jones et al. (1991). In our research, none of the applications significantly affected plant Mg concentration. As
described in Table 2, the deficiency of soil for Mg can be the reason of Mg concentrations being below the
limit values. Eryiice (1980) revealed the Mg levels in Ayvalik type as recorded as 0.12-0.37%, while Seferoglu
(1996) observed it as 0.15-0.31%. The results of our study were similar to the above-mentioned ones.

3.6. Effect of Vermicompost on Fe Concentration of Leaf

Results regarding the Fe concentration in olive leaves upon applications of increasing rates of vermicom-
post (0, 2, 4and 6 kg tree?) are given in Figure 6 and they are significantly importance at p<0.05 level. When
compared to the control treatment (127.62 mg kg?), increasing rates of vermicompost (2, 4, and 6 kg tree™)
the Fe concentrations in olive leaves were found to be 117.63, 121.95 and 100.88 mg kg™, respectively given
in Figure 6. There were decreases in Fe concentrations upon 2, 4, and 6 kg tree* vermicompost applications
when compared with the control treatment, and such decreases were as 7.83%, 4.44% and 20.95%. Variation
in Fe concentration in leaves were found non-significant in control treatment, 2 and 4 kg tree doses, but the
decrease upon 6 kg tree’* application was found significantly importance (Figure 6).
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Figure 6. The effect of vermicompost applied to soil at increasing rates on olive tree leaf Fe concentration

Adiloglu, Eryillmaz, Adiloglu & Solmaz (2016) described that the vermicompost applications (200, 400 and
800 kg da!) decreased the Fe concentrations as compared to control treatment, and the rates changed between
18.81 and 49.82 mg kg™ in case of sunflower. When we evaluated the Fe concentrations of olive as 100.88-
127.62 mg kg upon different vermicompost doses, and then they are very high in all of the applications
according to Haspolat (2006). The Fe concentrations in control treatment and all other vermicompost applica-
tions were lower than the toxic effect limit (>460 ppm). Eryiiksel (2016) conducted a pot experiment in 2kg
of pots contained onion, garlic, parsley and purslane where different doses of vermicompost (0.5%, 25%, 50%,
75% and 100%) were applied. Fe was observed to increase with the increasing rate of vermicompost in garlic
and purslane. In our study, there was a significant decrease upon the highest vermicompost application shown
in Figure 6. Alpaslan & Taban (1996) reported that Fe decreased Zn uptake in plants, and Zn negatively af-
fected the uptake of Fe, when Fe x Zn interaction was analyzed. As seen in Figure 9, the highest Zn concen-
tration was observed in 6 kg tree! dose. Increased Zn might have decreased the Fe concentration based on the
above-mentioned interaction. Giines, Alpaslan, & Inal (2002) obtained different results and reported that the
fertilizer application increased the Fe concentration of plant as compared to control treatment.

3.7. Effect of Vermicompost on Mn Concentration of Leaf

Results regarding to the concentration of Mn presence in the leaves of olive upon applications of increasing
rates of vermicompost (0, 2, 4 and 6 kg tree) are given in Figure 7, and they are significantly importance at
p<0.05. As compared with the control treatment (42.87 mg kg!), the Mn concentrations in olive tree with
increasing vermicompost doses (2, 4, and 6 kg tree) were determined as 50.77, 39.69 and 47.96 mg kg*,
respectively shown in Figure 7. A significant increase (18.43%) in Mn concentration upon 2 kg tree™ ver-
micompost was observed as compared to the control treatment. There was non-significant difference in appli-
cations of 4 and 6 kg tree! vermicompost. 2 kg tree* vermicompost application was determined to be the
application with the highest concentration of Mn recorded as 50.77 mg kg (Figure 7).
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Figure 7. The effect of vermicompost applied to soil at increasing rates on olive tree leaf Mn concentration

When different doses of vermicompost were applied to olive tree, the concentrations of Mn were found to be
into the limit values (Jones et al., 1991; Haspolat, 2006) and the values of Mn were all sufficient including the
control treatment. The concentration of Mn in leaves were lower than the toxic effect level (>164 ppm) in all
of the applications including the control treatment (Figure 7). Sahin (2013) reported that the concentrations of
Mn in leaves were recorded as 50.37-57.75 and 52.37 ppm upon applications of 0.5-1 and 1.5 kg tree?,
respectively, in the first year of study, while they were 41.00-60.12 and 68.87 ppm in the second year. The
results of the above-mentioned study are compatible with those of our study.

3.8. Effect of Vermicompost on Cu Concentration of Leaf

Results regarding to Cu concentration in olive leaves upon applications of increasing rates of vermicompost
(0, 2, 4and 6 kg tree?) are given in Figure 8, and they found significantly important at p<0.001. The Cu
contents of olive were found to be 31.32, 14.72, and 22.37 mg kg with increasing rates of vermicompost (2,
4, and 6 tree!) when compared to control treatment (24.79 mg kg™) shown in Figure 8. The results showed
that when compared to control treatment, the Cu content in olive significantly increased 26.34% with 2 kg tree”
1 vermicompost (p<0.001) while a significant decrease upon 4 kg tree, and no significant change with 6 kg
tree’l. The highest ratio of Cu in olive tree was observed by 2 kg tree* vermicompost application (Figure 8).

According to Haspolat (2006), the Cu concentration on 4 kg tree* was sufficient, high upon 6 kg tree and in
control treatment, and very high upon 6 kg tree* application. The concentration of Cu in control treatment and
the other vermicompost applications were all lower than the toxic effect level (>78 ppm) given in Figure 8.
Sahin (2013) conducted a study for two years with organic fertilizer application using different doses (0-0.5-
1, and 1.5 kg tree’) and showed that they significantly affected the Cu contents. In the first year of study, the
lowest concentration was obtained from cattle manure and the highest in case of vermicompost. While in the
second year of study, there was a decrease in all applications of fertilizer, except the control treatment. The Cu
content increased with increasing fertilizer application in the first year of study. The Cu content was found to
be 47.500 ppm upon 1.5 kg treeX. In our study, the highest Cu concentration was found as 31.32 mg kg* with
2 kg tree vermicompost application (Figure 8).
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Figure 8. The effect of vermicompost applied to soil at increasing rates on olive tree leaf Cu concentration

3.9. Effect of Vermicompost on Zn Concentration of Leaf

The effect of increasing rates of vermicompost applications (0, 2, 4 and 6 kg tree!) on Zn concentration of
olive tree are significantly importance at p<0.05 as shown in Figure 9.
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Figure 9. The effect of vermicompost applied to soil at increasing rates on olive tree leaf Zn concentration

As compared with control treatment (14.59 mg kg™), the concentrations of Zn in olive upon increasing rates
of vermicompost (2, 4 and 6 kg tree ) were determined as 14.42, 14.41 and 21.00 mg kg%, respectively (Figure
9). There was non-significant variation upon 2 and 4 kg tree vermicompost applications when compared to
control treatment, but there was a significant increase upon 6 kg tree™* application at p<0.05 (Figure 9). Zn
concentration results were low in control treatment, 2 and 4 tree but increased sufficiently upon 6 kg tree!
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application (Haspolat, 2006). Eryiiksel (2016) observed the changes in onion, garlic, parsley and purslane using
different doses of vermicompost (0.5%, 25%, 50%, 75% and 100%) in 2kg pots. The results showed that the
Zn element increased as vermicompost dose increased in all the plants. According to Sharma & Deb (1988),
soil organic matter increased the diffusion rate of Zn as well as the uptake of plants. The Zn occurring as a
result of microbial activity and forming chelate is uptake more by plants. Srivastava & Sethi (1981) reported
that organic fertilizer given to the alkaline soil poor in organic matter increase the solubility and availability
of Zn. The highest Zn concentration of leaf upon the highest vermicompost (6 kg tree™) can be explained by
the mentioned study.

4. Conclusion

Organic fertilizers have been applied together with a dense application of fertilizers in Tiirkiye similar to
developed countries. Vermicompost is one of the frequently used organic fertilizers. Besides the ameliorating
effects on the physical and biological structure of soil, clean content without negative effects on human beings
and environmental health are the positive aspects of vermicompost. Another importance of vermicompost for
soil and agriculture is the macro and micro nutrient elements being dissolved and available for plants. Accord-
ing to Bellitiirk (2018), research regarding to economic analyses on single use of vermicompost or its combi-
nation with chemical fertilizers are limited. Principally, this study planned by considering the need to carry out
studies on olive, which is important for the agriculture sector of Tiirkiye. And it is thought to assist other
research in the future.

This study carried out on olive trees of Ayvalik oil type (age of 14-15) under field conditions in Geyikli district
of Canakkale Province. The effects of different doses of vermicompost [0 (control), 2, 4 and 6 kg tree] on
macro and micro nutrient element uptake by olive leaves were investigated.

The concentrations of macro nutrients upon different doses of vermicompost applications remained to the limit
values in all treatments including the control and there was non-significant difference between different doses.
The values of N started to increase even though it was a single year study, and the dose of 2 kg tree was
observed to increase the concentration of N which was the highest. No chance in concentrations of leaf P, Ca,
K and Mg was observed. The low concentration of leaf Mg can be related to the deficiency of soil for Mg,
therefore, fertilization containing Mg besides vermicompost is suggested for this region. The satisfactory re-
sults for Cu and Mn in olive leaves were observed upon 2 kg tree! and best result for Zn was observed upon
6 kg tree’ dose. The values of all the micro nutrients were below the toxic effect limit values. The dose of 2
kg treet was seen to the suggested dose of vermicompost for olive trees. Besides the vermicompost, Zn and
Fe can be suggested to be applied to soil in chelated form or as leaf fertilization. Addition of organic matters
are crucial for the soil due to the nonsufficient organic matter in the soil of Tiirkiye. Since olive is a perennial
tree, a study of at least 3 years, including 2 existence years, is suggested and more satisfactory results are
projected to be obtained upon different methods of application, applied doses, and variations during the appli-
cation processes.
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Avrticle History Abstract — Quad-rotor aircrafts are unmanned aerial vehicles that have gained significant popularity in recent years

A and have been developed for use in many areas. Such vehicles are capable of vertical take-off and landing and are
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used in various applications. To operate a quad-rotor aircraft efficiently and safely, fundamental issues such as math-

Accepted:  04.09.2023 ematical modeling, control, and state estimation need to be studied. Mathematical modeling involves creating a ho-

Published:  20.12.2023 listic model of the various subsystems of the aircraft including aerodynamic, kinematic, dynamic and control systems.

The control system is a mechanism used for the aircraft to perform the desired movements. State estimation tech-

Research Article niques are used to obtain and predict information about the state of the aircraft. This study includes position control

using a trajectory generation algorithm. Attitude estimation of the quad-rotor is improved with the Explicit Comple-
mentary Filter (ECF) and the state estimations is improved with the Extended Kalman Filter (EKF). Different from
other studies, the results are obtained by feeding the model with a state estimation filter. The performances of the
filters used for state estimation are compared.

Keywords — Quad-rotor, position control, trajectory tracking, state estimation

1. Introduction

Recently, unmanned aerial vehicles (UAVSs) have been ever more attracting the attention of researchers
and different kinds of industries due to their versatility, flexibility, low research and development costs (Pines
& Bohorquez, 2012; Yoon & Doh, 2022).

Navigating a mobile platform from its initial point to a desired destination is a complex challenge in the field
of robotics. A technique to produce time-optimal trajectories with the help of parametric functions was pre-
sented in (Bouktir, Haddad & Chettibi, 2008). The vehicle's movement along a path was governed by a con-
tinuously increasing function. Their numerical approach was designed to work in cases involving minimum
time transfers problems. To move a quad-rotor as quickly as feasible from an initial to a final position, (Cham-
seddine, Li, Zhang, Rabbath & Theilliol, 2012) suggested a flatness-based trajectory planner. They used a
Sliding Mode Controller (SMC) and a Linear Quadratic Regulator (LQR). Implementing the controller using
the linearized model of the vehicle resulted in effectively constraining the roll and pitch angles, demonstrating
the success of this approach.

The researchers in (Hoffmann, Waslander & Tomlin, 2008) developed a tracking controller that linked way-
points using line segments at a designated speed. A trajectory tracking system built on model predictive control
was presented in (Castillo, Moreno & Valavanis, 2007). Their controller was tested on a miniature helicopter
to track the waypoints. To decrease the computational cost the control was tested on a simplified vehicle model.
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The proportional-integral-derivative (PID) position and velocity tracking controllers and the predictive con-
troller were compared in their research. An optimization-based framework of excavation trajectory generation
was developed in (Yang, Long, Song, Pan & Zhang, 2021), various optimizing criteria for different terrains
shapes were studied.

One of the traditional problems in quad-rotor is dealing with state estimation. There are literature surveys on
filtering techniques to estimate the parameters involved in state estimation. The Kalman filter and the Com-
plementary filter are frequently employed methods in linear systems due to their frequency filtering character-
istics (Mahony, Hamel & Ptlimlin, 2008). The Kalman filter is the subject of numerous studies (Hetenyi, Gatzy
& Blazovics, 2016; Beck et al., 2016; Sebesta & Boizot, 2014; Hall, Knoebel & McLain, 2008) in the field of
flight control. The standard Kalman filter is adapted to calculate the attitude of the air vehicle in (Hall et al.,
2008). The estimated values are obtained through the utilization of an enhanced Kalman multiplicative filter.
The estimation process incorporates data from accelerometers, gyroscopes, and GPS to gather information. An
Unscented Kalman Filter (UKF) was suggested in (De Marina, Pereda, Giron-Sierra & Espinosa, 2012) three-
axis attitude determination method as the observer was utilized. It was reported that the method functioned
well, but the computational cost was high.

In this study, position control using the state estimation and trajectory tracking of a quad-rotor is implemented.
Different from other studies, the results are obtained by feeding the model with a state estimation filter. The
performances of the filters used for state estimation are compared.

In Section 2, the mathematical model of the quad-rotor, along with its kinematics, dynamics, and control, is
introduced. Section 3 discusses the filter methods developed for state estimation. The experimental results and
a comparison of the designed filters are presented in Section 4. Finally, in Section 5, the study concludes by
highlighting the accomplishments and discussing potential future work.

2. Quad-rotor Mathematical Model

The mathematical model characterizes the motion and behavior of the system based on the input parame-
ters of the model and external factors affecting the system. It relates inputs to outputs. By utilizing the mathe-
matical model, it becomes feasible to anticipate the position as well as the state of the quad-rotor by knowing
the propellers’ four angular velocities.

The quad-rotor aircraft is capable of maneuvering in three-dimensional space by harnessing the forces gener-
ated by its four engines. To maintain the angular momentum, rotors 2 and 4 rotate counterclockwise, while
rotors 1 and 3 rotate clockwise. Figure 1 depicts the impact of these rotor forces.

Figure 1. Four rotor movements according to lifting forces (green rings; fast rotation and red rings, slow
rotation)

2.1. Quad-rotor Coordinate frames

For the mathematical model, it is crucial to establish two coordinate frames (Benic, Piljek & Kotarski,
2016);
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= Earth Fixed Frame: FE is an inertial right-hand coordinate frame, where the positive direction of the Zg
axis is from the earth. The quad-rotor attitude n and position & are defined within this coordinate frame
(Figure 2).

» Body Fixed Frame: F5 is a coordinate frame fixed to the quad-rotor’s body axis. The origin of FZcoincides
with the quad-rotor’s center of gravity. Linear velocities v, angular velocities wy,, forces f;,, and torques
T, are defined within this coordinate frame.

SR T

Body Frame
FB

Earth Frame
FE

Figure 2. Earth and Body Frames

The quad-rotor's position is determined by the vector &, which represents the displacement between the origin
of the Earth Fixed Frame and the Body Fixed Frame;

g=[x ¥ 2" (21)

The quad-rotor’s attitude, denoted by 1, is determined by the orientation of the Body Fixed Frame with respect
to the Earth Fixed Frame. The orientation is described by three successive rotations around the coordinate axes
of the Earth Fixed Frame. The quad-rotor's rotation around the y-axis is governed by the pitch angle 6. The
rotation around the x-axis is determined by the roll angle ¢, and the rotation around the z-axis is determined
by the yaw angle ;

n=[le 0 Y] (2.2)

2.2. Quad-rotor Kinematic Model
The kinematics of a rigid body with 6 degrees of freedom are given by (Benic et al., 2016);

€ =]Jv (2.3)

where £ is comprised of a vector linear and angular velocity relative to the F2. The generalized velocity vector
v is expressed in FB and ] represents the generalized transformation matrix. e includes the position & and
attitude n as follows;

e=[E n]"=[x ¥y z ¢ 6 y]" (2.4)
Generalized velocity vector v within F2 is defined in a similar manner;

v=[p? ?]"=u v w p q 1T (2.5)
The generalized rotation and transformation matrix facilitate the transfer of velocities from the Body Fixed

Frame to the Earth Fixed Frame, providing a more intuitive representation of quad-rotor motion. This matrix
comprises four submatrices;
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R 03x3
= 2.6
] [O3x3 T ( )

where R is the rotation matrix;

cosPcosO cosyPsinOsing —sinycose cosyYsinbcos@ + sinyPsing
R =|sinycos® sinysinBsing + cosPcose sinPsinbcose —cosyPsing|. (2.7)
—sin®© cos O sin @ cos B cos @

To address the requirement of converting measured values between different coordinate frames, a rotation
matrix is employed. This matrix enables the transfer of the linear velocity vector from one coordinate frame to
another through matrix multiplication. The matrix R is used for this purpose and it is an orthonormal matrix.

Angles as well as angular velocities are acquired within the Earth Fixed Frame. To transfer angular velocities
from the Body Fixed Frame to the Earth Fixed Frame, a transformation matrix T is utilized,;

1 sing tan® cosptan®

T =10 cos@ —sing | (2.8)
sing cos@
cos 6 cos 0

To transfer angular velocities from the Earth Fixed Frame to the Body Fixed Frame, the angular velocity vector
in FE needs to be multiplied by 771,

2.3. Quad-rotor Dynamics

The dynamics of a quad-rotor are described using differential equations derived from the Newton-Euler
method. These equations incorporate the mass (m) and inertia (I) of the body, accounting for the dynamics of
a rigid body with six degrees of freedom.

Quad-rotor has a symmetrical structure in which the four rotors in the quad-rotor are aligned with the X and
Yy axes. By assuming that the principal inertial axes align with the coordinate axes of F5, the inertial matrix
is simplified to a diagonal matrix with I, = I,,,,.

I, 0 0
0 0 I,

The dynamics of the quad-rotor are defined as follows;

[m 353 03[x3] [Z)Z]_}_[“’b x (ma”) _ [fB] (2.10)

033 w? x (I w?) LB

where I35 is the identity matrix. The term ©? refers to the linear acceleration vector, &? represents the angular

acceleration vector, f8 denotes the force vector acting on quad-rotor and =2 represents the torque vector that
is exerted on the quad-rotor.

If the generalized force vector is defined as Y;

Y=[fF B]"=[FK E, F 1, Ty T (2.12)
Equation (2.11) can be written in the following form;

g+ Cg(W)v=Y (2.12)

where v represents the generalized acceleration vector, Iz represents inertia matrix of the system, Cgz(v) rep-
resents the Coriolis-centripetal matrix. Parameters of the quad-rotor are given in Table 1.
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Table 1
The parameters of quad-rotor model

Parameter  Value Unit
m 0.95 kg
my, 0.01 kg

l 0.23 m
g 9.81 kg m/s?

I, 0.000065 kg m?
Iy 0.0075 kg m?
Iy 0.0075 kg m?
A 0.0013 kg m?

2.4. Controller Structure of the Quad-rotor

PID is a common control scheme used in industrial applications. It is widely used for the control of quad-
rotors as well. The PID controller receives the feedback signal and compares it with a setpoint or reference
signal, resulting in an error signal. Its objective is to minimize the difference between the plant/process variable
and the setpoint or reference signal. The controller's behavior is determined by the combination of three control
actions: proportional, integral, and derivative. The outputs of these actions are combined and provided as input
to the plant/process as follows;

t
u(®) = Kpe(®) + K, f e(t)dt + K,y dz(tt)

0
where, K, is the proportion coefficient, the output of the error multiplied by a certain gain value and calculates
the current error, K; is the integral coefficient, the integral effect means the sum of errors the system has made
in the past and K is the derivative coefficient, it has a proportional effect on the output of the system according
to the variation of the error. That is, it calculates the estimation of the future error. A conventional PID structure
can be depicted using blocks, as shown in Figure 3a. In this study, the position controller, linear velocity
controller, attitude controller, and angular velocity controller were designed using PID (Figure 3b) and the
values of the PID coefficients were optimized using the MATLAB optimization toolbox. The PID coefficients
of controllers are given in Table 2.

(2.13)

» P Kpe(t)
+
() e(t) Yt y(t)
+
M1 Kife(t)dt Plant -
+
de(t)
. e
-, Linear . Angular
Reference Position . Attitude . Quad — rotor N
— Position ™ control [ Velocity |—» control [ Velocity | System >
(*q,¥a.2q) Control Control Y (x,..,7)

T(x,y,z) T(u, v, W) T((P» 6.9) T(P; q.r)

Figure 3. a) General PID controller schematic, b) The overall control blocks for the quad-rotor in this study
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Table 2
PID coefficients of controllers.
Control Terms Position Linear Velocity Attitude Angular Velocity

K, 6.05 31 12 0.8
K, 8.15 15 0.8 0.69
K, 3.2 0.05 0.03 0.017

The designed controller outputs are shown in Figure 4 and Figure 5. In Figure 4 the reference signal the one
that the system should follow when the position information from the trajectory generation algorithm is pre-
sented to the quad-rotor system. The signal labeled as 'sensor measurements' contains data obtained from sen-
sor models, where white noise is added to the original sensor data values. Additionally, another signal displays
the data as the designed controller outputs. P, Q, R signals shown in Figure 4 correspond to the angular velocity
parameters. The North, East Down values indicate the quad-rotor's position along the NED axes The U, V
signals presented in Figure 5 are the velocity of the quad-rotor on the NED axes. One can notice that yr and W
signals are not included in the graphs, since y and W are not controlled indeed in the system designed for the
guad-rotor. ¢ and 6 are the angle between the body axis of the quad-rotor and the NED axes respectively, and
they provide essential information about the quad-rotor's attitude. Instead of employing lowercase notation

like (p, q,7), it becomes evident that the use of uppercase letters like P, Q, R serves to signify these signals
within the simulations.
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Figure 5. Linear velocity control and attitude control

2.5. Trajectory Tracking Algorithm

To initiate the trajectory tracking algorithm, the initial step involves generating a trajectory for subsequent
tracking. The waypoints represent the planned path that the dynamic system should follow to efficiently
achieve the tracking. The trajectory generation algorithm populates waypoints at a specified sampling rate and
trajectory model. This trajectory then serves as the source for providing reference values for yaw angle, alti-
tude, and linear velocity. The control system operates on these trajectories.

In the trajectory generation algorithm, the desired positions, i.e. waypoints, are determined on the (X, y, z) axes

and the desired speed is determined at these waypoints. A system of linear equations will be created and gen-
erated with the help of the matrix.

The position of the quad-rotor equation can be expressed as follows;

x(t) = ag + agt + ayt? + ast?

z(t) = ¢y + ¢t + cpt?% + c3t3

where t is time, and each one is a cubic function with real coefficients. The velocity of the quad-rotor equation
can be expressed as follows;
v (t) = %(t) = a; + 2a,t + 3ast?
vy (t) = y(t) = by + 2b,t + 3b3t? (2.15)
v,(t) = 2(t) = ¢q + 2¢,t + 3c5t?

2.16 is obtained by solving 2.14 and 2.15 by specifying the first condition with an index value of 0 and the last
condition with an index value f;
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The following expressions represent the linear matrix equations;

An =& (2.17)
w=A"1% (2.18)

and there is a very concise way of writing a system of linear equations, where A is a matrix, » and 4 are vectors
(usually of different sizes). As a result of the solution of the expression given in 2.16, the above linear equation
results in a cubic polynomial that generates a trajectory according to the desired velocity dynamics between
the start and end waypoints. Controlling the velocity dynamics as a result of generating the third-degree poly-
nomial is important in terms of control. To control the applied force, a higher-order polynomial proposition
can be made that can be reduced to the derivative of the acceleration.

Each range of waypoints is expressed by a different equation as a result of applying the trajectory generation
algorithm to each one separately. The trajectory generation algorithm was given to the quad-rotor as a position
reference. Thus, the quadcopter successfully followed the specified trajectory. The simulation results of tra-
jectory tracking created according to the equations 2.14-2.18 are shown in Figure 6.

Trajectory Tracking

Reference
Tracked traj.

10 -

Position Z [m]
N = (2] o]

o
/

0 e

10— /f“\/‘//(‘]fof 0
-20 ] -20
Position X [m] Position Y [m]

Figure 6. Trajectory tracking

3. Quad-rotor Attitude Estimation

Accurate and reliable attitude estimation is required for quad-rotor aircraft to fly successfully and perform
their tasks. Attitude estimation is the process of estimating the current state of the aircraft, i.e., its position,
speed, attitude, and angular velocity. A quad-rotor aircraft is usually equipped with various sensors such as
accelerometers, gyroscopes, magnetometers, and barometers. These sensors measure the speed, acceleration,
altitude, and orientation of the aircraft. However, the accuracy and precision of the sensors can be limited and
may give inaccurate measurements due to external factors. Therefore, filtering and estimation algorithms are
used in state estimation. Widely utilized algorithms, such as the Complementary Filter and Kalman Filter,
analyze sensor data and rectify errors to estimate the aircraft's state. By leveraging sensor data and taking into
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account the physical model, these filtering algorithms make use of estimation techniques to determine the
current state.

3.1. Explicit Complementary Filter use for Attitude Estimation

The attitude estimation complementary filter employs low-pass filtering to refine a low-frequency attitude
estimate. The attitude estimate is derived by applying high-pass filtering to biased high-frequency accelerom-
eter data and integrating the output of the gyroscope. These estimates are then combined to obtain a compre-
hensive estimate of attitude. If the pitch angle and roll angle of a quad-rotor are treated as decoupled processes,
it is possible to design a Single Input Single Output filter for each signal, (Buskey, Roberts, Corke, Ridley &
Woyeth, 2004). Figure 7 depicts the Explicit Complementary Filter (ECF) implementation.

—b
Gyroscope w
A
Air Speed
N ~ uaternion
Acceleromet L o ‘ >
ccelerometer gl q= EII@P(&J) g

2(9,93+ q94,)
o= | 2(q:95— 999,)

a3 — a9} — 43 + 4

Figure 7. Acceleration compensated Explicit Complementary Filter scheme (edited from (Euston, Coote,
Mahony, Kim & Hamel, 2008)

In addition to the measured angular velocities @?, the ECF also captures the inertial direction, indicated as 7;

5= % (3.1)

where the estimation of the gravitational direction g” obtained from the system is used to derive the inertial
direction 7.

The ECF can be represented as a quaternion as follows (Euston et al., 2008);

.1

q=53Q®p@+95) (3.2)
e

§ = kpe+ki- (3.3)

e=17 XD (3.4)

where g represents an estimate of the system attitude in a quaternion form. The innovation term § here is
generated by a Pl block and the error e represents the relative rotation between the measured inertial direction
v and the predicted inertial direction ©. The proportional gain is denoted as k,,, while k; represents the integral
gain.

The estimated gravitational direction ¥ aligns with the z-axis of the inertial frame;
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2(9193 + 9092)
P =1 209293 — 9091) |. (3.5)
a5 — q% —q5 + 45

The most common approach for compensation with the ECF involves the use of proportional or proportional-
integral (PI) control. The proportional component is used to make the frequency transition between the gyro
estimates obtained by the quaternion update and the attitude estimates based on accelerometers. Gyro bias is
adjusted for the use of the integral term in the PI correction.

3.2. Extended Kalman Filter use for State Estimation

The Extended Kalman Filter (EKF) utilizes both the system and observation expressions to perform state
estimation in nonlinear systems. The algorithm uses the final prediction state and the associated error covari-
ance matrix to perform state estimation.

The EKF filter linearizes the system equations using the Taylor series or by taking the Jacobian. It then com-
putes the prediction state using the linearized system equations. (Crasidis & Junkis, 2011). The observation
equations are similarly linearized and provide feedback to ensure agreement between the forecast state and
actual observations. This process updates the system state and covariance matrix, reducing errors and providing
a more accurate estimate (Wang, Yang, Hatch & Zhang, 2004);

xp = [ (-1, 1p) + Wy (3.6)

Zr = h(xk)+4rk

where 1w, represents the normal random process with zero mean and covariance matrix Q.1 represents the
white Gaussian noise in the measurements also with zero mean and covariance matrix Rj,. « denotes the
control vector, while z;, represents the output of sensors measuring the state vector component x;, of the state
vector at time step k. Considering 2.4 and 2.5, the state vector can be expressed in the form as follows;

xx=[xyzuvwedy] (3.7)

Expressions in 3.6 are nonlinear; therefore, we use the EKF where the model is linearized in a certain neigh-
borhood of the considered point (£, 1) via an expansion into a Taylor series (Crasidis & Junkins, 2011);

2* 1~ f(2%, 1y ) + Fi (0 — £%) + wry,

(3.8)
zi ~ h(£%) + H(x) — £%) + vy,
where
F, = (% |x _ ﬁk),Hk - (% |x = #¢) (3.9)
The expressions for extrapolation and correction of the EKF follow;
#F = f(&F1, ak1) (3.10)
P, = FiP_1F{ + Qy (3.1)
K, = Pk—’;"? (3.12)
H P HE + R,
P = (I — KiHp)Py (3.13)
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4. Experimental Results

In this section, the position control using trajectory generation and state estimation of the quad-rotor im-
plemented in MATLAB ®2022a Simulink environment are presented. The model runs by feeding the estima-
tion results to the controller.

The North, East, and Down (NED) position of the quad-rotor and the result of the EKF filter are shown in
Figure 8. The North, East, and Down (NED) velocity of the quad-rotor and the result of the EKF filter are
shown in Figure 9. Quad-rotor attitude is estimated with ECF and EKF and the results are shown in Figure 10.
The data represented with the legend sensor measurements is the position/velocity/direction information ob-
tained from the GNNS sensor model of the system.

Reference
Sensormea.,
EKF Est.

Position (NED) Estimations with EKF

Position D [m]

Po o e
sition N [m] e - ”
- Position E [m]

Figure 8. North, East, and Down (NED) position of the quad-rotor
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Figure 9. North, East, and Down (NED) velocity of the quad-rotor
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Figure 10. The attitude angles of the quad-rotor

The Root Mean Square Error (RMSE) values of the estimated states with EKF filter are given in the Table 3,
since the error difference is difficult to notice on the figures. The values shown in this table vary depending on
the process noise matrix and the Gaussian measurement noise matrix which are normally utilized with zero
mean and covariance matrix. These matrices are formed considering parameters of the utilized sensor models
and their regular working conditions. Upon examining the outcomes, it is evident that the EKF filter exhibits
minimal prediction errors. Table 4 illustrates the RMSE values of the attitude estimation errors for EKF and
ECF filters. The RMSE values given in this table were created by taking the attitude signal difference between
filter estimations and the reference signals computed from the trajectory. The attitude estimation accuracy of
the ECF filter is worse than that of the EKF filter, regarding the RMSE values of the filters' attitude estimates.
This is because the ECF method is a fixed gain filter and cannot track the dynamic properties of the quad-rotor
adaptively. The EKF and ECF filter estimation errors are computed for both the noisy and noise free data.

Table 3
The RMSE of the EKF state estimation
State RMSE

Position [NED] 0.449m
Velocity [NED] 0.25 m/s

Yaw () 0.26°
Pitch (0) 0.22°
Roll () 0.22°
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Table 4
Attitude estimation of filters comparison table
RMS  Yaw (¢) Pitch (0) Roll (o) Simulated Data Behaviour

ECF 1,62° 0,89° 0,76° Noisy
Error

EKF 0,62° 0,8° 0,61° Noisy
Error

EKF- 1,55° 0,4° 0,64° Noisy
ECF

ECF 097° 0,59° 0,51° Noise Free
Error

EKF 042° 0,54° 0,59° Noise Free
Error

EKF- 1,18° 0,32° 0,58° Noise Free
ECF

5. Conclusions

In this study, the state estimation, and position control using trajectory generation of a quad-rotor aircraft
are implemented. The performances of the filters used for state estimation are compared.

Position control was executed on the quad-rotor by planning an optimal path as waypoints within the trajectory
tracking algorithm. These waypoints were populated and used to create a trajectory through the trajectory
generation algorithm at a specified sampling rate.

Dynamic modeling of the system was conducted, and sensor models were developed for state estimation. Ex-
plicit Complementary Filter and Extended Kalman Filter are designed for attitude estimation and state estima-
tion respectively. Differing from other studies, we integrated the output of the designed filter into the controller
while the quad-rotor tracked the trajectory. Our analysis revealed that the filters introduced minimal errors
during quad-rotor trajectory tracking.

In our upcoming research, we will focus on path planning and trajectory optimization for the quad-rotor. We
will also explore state estimation techniques, including the Unscented Kalman Filter (UKF), Adaptive Gain
Complementary Filter (AGCF), and Particle Filters (PF), and compare their state estimates.
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Yap: Bilgi Modellemesi ve Cografi Bilgi Sistemleri Entegrasyonu icin
IFC’den CityGML ve CityJSON Veri Formatlarina Doniisiimiin
Incelenmesi

Ozlem Korkmaz'”, Melih Basaraner?
12 Harita Miihendisligi Boliimii, Insaat Fakiiltesi, Y1ldiz Teknik Universitesi, Istanbul, Tiirkiye

Makale Tarihgesi Oz — Yap: bilgi modellemesi (YBM) ve cografi bilgi sistemleri (CBS) entegrasyonu; yap1 ve tesis planlama ve yone-
Gé o timi, akilli sehirler ve mekansal dijital ikiz gibi uygulamalar i¢in kritik 6neme sahiptir. YBM, yap1 yasam dongiisii
onderim:  23.08.2023 . . e . N . b .

boyunca zengin geometrik ve semantik bilgilere sahipken, CBS; mekansal modelleme, analiz ve gorsellestirme yete-
Kabul: 20.09.2023 nekleri saglar. Bu nedenle, YBM ve CBS i¢ ve dis mekan baglaminda birbirini tamamlayan temel sistemlerdir. Ote
Yayum: 20.12.2023 yandan, uygulama odaklari, mekansal kapsamlar, koordinat sistemleri, semantik ve geometrik temsiller ve ayrinti
diizeyleri agisindan farkliliklara sahip olmalari, bu iki sistemin entegrasyonunda zorluklar meydana getirmektedir.
Entegrasyon i¢in veri diizeyinde geometrik doniisiim ve semantik aktarim yapilmalidir. YBM verileri i¢in genel olarak
endiistri temel siniflar1 (IFC), CBS verileri i¢in ise CityGML, CityJSON veya shape dosyasi formati kullanilmaktadir.
Entegrasyon i¢in bazi teknikler ve teknolojiler mevcut olsa da halen ¢oziilmemis sorunlar mevcuttur. Bu nedenle,
YBM ve CBS entegrasyonu ve veri degisim formatlar aktif arastirma konusu olmaya devam etmektedir. CityJSON’1n
kent modellerini 3B temsil etmek i¢in kullanilan yeni bir veri standardi olmasi nedeniyle veri degisimi igin uygulan-
masina yonelik ¢ok fazla ¢alisma bulunmamaktadir. Ayrica, CityGML’in hafif versiyonu olarak olusturulan
CityJSON’1n uygulamalarda CityGML’den farki merak konusudur. Bu ¢aligmada, IFC formatindaki ti¢ farkli yapiya
ait YBM veri seti, semantik aktarim ve geometrik doniisiim ile Safe FME Workbench yazilimi kullanilarak CityGML
ve CityJSON formatlarina doniistiiriilmistiir. Bu baglamda, YBM’den CBS’ye doniisiim incelenmis ve CityGML ile
CityJSON veri degisim formatlari ile elde edilen bulgular degerlendirilmistir.
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An Investigation of Conversion from IFC to CityGML and CityJSON
Data Formats for Building Information Modeling and Geographic
Information Systems Integration

L2 Department of Geomatic Engineering, Faculty of Civil Engineering, Yildiz Technical University, Istanbul, Tiirkiye

Article History Abstract — The integration of building information modeling (BIM) and geographic information systems (GIS) is
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1. Giris

Son yillarda yap1 bilgi modellemesi (YBM), cografi bilgi sistemleri (CBS), sanal/artirilmig gergeklik
(VR/AR) ve nesnelerin interneti (IOT) gibi bilgi ve iletisim teknolojilerinde yasanan gelismelerle birlikte,
akilli sehirler, dijital ikiz ve yapilarin yasam dongiilerinin yonetimi gibi uygulamalar {izerine ¢alismalar yo-
gunlasmustir (Sulaiman, Liu, Binalhaj, Al-Kasasbeh, ve Abudayyeh, 2021). Bu uygulamalar i¢in YBM ve
CBS, temel sistemler olarak kullanilmaktadir. YBM ve CBS entegrasyonu, YBM’deki bina modellerinin gor-
sellestirme ve analiz i¢in bir CBS ortamina entegre edilmesini gerektiren akilli sehir ve mekansal dijital ikiz
icin temel bir tekniktir (Xia, Liu, Efremochkina, Liu, ve Lin, 2022; Zhu ve Wu, 2021a). Bu amagla, YBM
verilerinin CBS tarafindan erigilen bir bigime/formata doniistiiriilmesi gerekir (Zhu vd., 2021a). YBM ve CBS
entegrasyonu, bina yasam dongiisii yonetiminin her asamasinda ¢evrenin binaya ve binanin ¢evreye etkilerinin
anlagilmasina katki saglar. Boylelikle, bina yasam dongiisiinde bulunan fizibilite, planlama, insaat, operasyon
ve bakim agamalarinda siirdiiriilebilir kararlarin alinmasi, uygulama takviminin gelistirilmesi, belirli bir ko-
numdaki insaat maliyetinin belirlenmesi ve bina performans analizleri daha kolay hale gelmektedir (Bansal,
2021). Bina yasam dongiisiinde; tadilat, gliglendirme ve yenileme tesis yonetiminin 6nemli bilesenleridir
(Wong, Ge, ve He, 2018). YBM teknolojisi, paydaglar arasindaki iletisimi gelistirmek i¢in binalar ile ilgili
bilgileri igeren ii¢ boyutlu (3B) bir bina modeli saglarken; CBS, bina ¢evresiyle ilgili bilgilerin analizi ile
mekansal verilerden yararlanarak tesis yonetimindeki ¢aligmalari kolaylastirir (Sulaiman vd., 2021). YBM ve
CBS entegrasyonu, acil durum yonetimi gibi i¢ mekan uygulamalar1 (6rnegin, bir yangin durumunda yénlen-
dirme ve tahliye yollarin1 bulma) (Isikdag, Underwood, Aouad, ve Troud, 2007; Chen, Wu, Shen, ve Chou,
2014) etkin enerji (Niu, Pan, ve Zhao, 2015) ve ¢evre yonetimi (Zhao, Liu, ve Mbachu, 2019; Wang, Deng,
Won, ve Cheng, 2019), kesintisiz navigasyon (Teo ve Cho, 2016) gibi i¢ ve dis mekan baglantis1 gerektiren
servisler (Kang, 2018) gibi pek ¢cok uygulamada kullanilabilmektedir.

YBM, 3B nesne tabanli bir modellemedir. Nesneleri parametrelerle (6rnegin, yiikseklik ve derinlik) ve kural-
larla (6rnegin, bir duvar yiiksekligi azaltilirsa, ¢cati konumunun otomatik olarak degismesi) temsil ederek 6z-
niteliklerle birlikte geometri olusturmaya olanak saglar (Bolpagni, 2022). CBS, yeryiiziindeki veya yakinin-
daki mekansal olarak tanimlanabilen nesnelerin ve olaylarin modellenmesi, analizi ve sunumu igin bilgisayar
tabanl bir aractir. CBS teknolojisi, sorgu ve istatistiksel analiz gibi yaygin veri tabani islemlerini haritalarin
sundugu benzersiz mekansal gorsellestirme ve analiz avantajlariyla biitiinlestirir (Longley, 2008; Longley,
Goodchild, Maguire, ve Rhind, 2015). YBM, yapiy1 ¢evreleyen mekandan bagimsiz lokal bir koordinat sistemi
kullanirken; CBS, dogrudan ya da dolayli olarak bir cografi koordinat sisteminde tanimli olup yapinin gevre-
siyle baglant1 saglayan bir képrii niteligindedir (Bansal, 2021). Ote yandan, YBM ve CBS’de farkli kavramsal
veri modelleri ve formatlar1 kullanildig1 i¢in veri aligverisinde problemler meydana gelmektedir (Zhu vd.,
2021a). YBM ve CBS entegrasyonu, iki metodoloji arasindaki ayrinti diizeyleri, geometrik temsil yontemleri,
arsivleme yontemleri ve semantik igerik agisindan farkliliklar nedeniyle karmagiktir (Vacca ve Quaquero,
2020). Bu amaca yonelik olarak literatiirde birgok ¢aligma mevcuttur. Genellikle YBM’den CBS’ye veri do6-
niisiimii yapilsa da CBS’den YBM’ye, YBM ve CBS’nin {iglincii bir sisteme aktarilmasi bigiminde ti¢ farkli
entegrasyon yapilabilmektedir (Ma ve Ren, 2017; Zhu ve Wu, 2022).

YBM/CBS veri doniisiimii yapilirken YBM verileri icin endiistri temel siniflar1 (industry foundation classes -
IFC), 3B CBS verileri i¢in ise CityGML, CityJSON (Ohori, Ledoux, ve Peters, 2022a) ve shape dosyasi for-
mat1 kullanilmaktadir (Zhu vd., 2022). IFC; buildingSMART tarafindan mimarlik, miithendislik ve insaat
(AEC) uygulama alani iginde bilgi aligverisi i¢in olusturulan birincil agik veri semasidir (Herle, Becker, Wol-
lenberg, ve Blankenbach, 2020). CityGML ise OGC tarafindan genisletilebilir isaretleme dili (XML) forma-
tinda tanimlanan cografya isaretleme dili (GML)’ne dayali olarak sehirlerin ve ¢evresinin 3B modellerini de-
polama kapasitesine sahip agik standartl bir veri modeli ve degisim formatidir (Sani ve Rahman, 2018). YBM,
geometrik ve semantik verilerden olugsmaktadir. Geometri; nesnelerin sekli, bliyiikliigli ve konumu hakkinda
veri saglarken, semantik ise siif tiirli, materyal ve islevler gibi 6zellikler hakkinda veri saglar. Bu nedenle
YBM ve CBS arasindaki doniisiim, geometrik doniisiimiin yaninda semantik aktarimi da igermelidir (Zhu vd.,
2021a). iki sistem arasindaki geometrik doniisiim, 6rnegin FME (Adouane, Stouffs, Janssen, ve Domer, 2020),
BIMServer ve FME lizerine kurulu ArcGIS’in bir uzantist olan Data Interoperability (DI) gibi bazi ticari ya-
zilim paketleri kullanilarak gerceklestirilebilir. Fakat bu araglarin higbiri hem geometrik hem semantik verileri
biitiiniiyle bagarili bir bigimde doniistiiremez (Sani vd., 2018). Bu nedenle yeni yontemlere ihtiyag vardir. Son
donemde, YBM ve CBS entegrasyonu i¢in semantik web teknolojileri ve kaynak tanimlama gergevesini (re-
source description framework - RDF) esas alan entegre mekéansal bilgi modeli (IGIM) yaklasimi kullanilmustir
(Hor, Jadidi, ve Sohn, 2016). Ayrica arastirmacilar, YBM ve CBS’nin birlikte ¢alisabilirligini desteklemek
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icin gesitli veri aligverisi formatlar1 gelistirmistir. IFG (IFC for GIS) veri modeli ve buildingSMART veri
sozliigli (bSDD), YBM’nin CBS gibi diger miihendislik uygulama alanlariyla entegrasyonuna yonelik calig-
malara ornektir. IFG nin amaci, tek bir veri tiiriinii ice veya disa aktararak bina ve CBS verilerinin aligverigini
saglamaktir. Fakat, bina ve cografi bilgilerin temsili i¢in birgok heterojen sinif vardir. Bu nedenle, hem bina
hem de CBS simiflari icin farkl bir birlikte calisabilirlik formati uygulamak daha mantiklidir (Karan, Irizarry,
ve Haymaker, 2015). bSDD, bir veri s6zliigii olmanin yani sira, siniflandirmalart ve onlarin 6zelliklerini, izin
verilen degerleri, birimleri ve gevirileri barindiran ¢evrimigi bir servistir. bSDD, veri kalitesini ve bilgi tutar-
liligin1 garanti etmek i¢in standartlastirilmis bir is akisi saglayarak veri tabani i¢indeki tiim icerik arasinda
baglanti kurulmasina olanak tanir (Costin, Ouellette, ve Beetz, 2023).

Yukarida belirtildigi tizere, YBM ve CBS entegrasyonunun eksiksiz bigimde gerceklestirilmesinin 6niinde ha-
len ¢esitli zorluklar bulunmaktadir. Bu amagla, IFC’den CityGML’e doniisiim igin bazi yazilimlar kullanilsa
da 6zellikle 3B kent modellemeye yonelik gorece yeni bir format olan CityJSON ile ilgili yeterli bir degerlen-
dirme mevcut degildir. Buradan hareketle, bu makalede mevcut teknolojiler ile IFC’den gerek CityGML’e
gerekse CityJSON’a geometrik doniisiim ve semantik aktarimi ti¢ farkli bina 6rneginde gergeklestirilmekte ve
elde edilen bulgular irdelenmektedir. Boylece, YBM ve CBS entegrasyonuna yonelik yaygin ve yeni format-
lara dayali karsilastirmali bir performans degerlendirmesi ortaya konarak gelecek ¢alismalara 1s1k tutulmasi
amaclanmaktadir.

1.1. Yap Bilgi Modellemesi (YBM) ve Cografi Bilgi Sistemleri (CBS)

Bilgisayar destekli tasarim (CAD) tabanli, genellikle 2B klasik yaklasimin yerini, semantik agidan zengin,
3B nesne yonelimli YBM almistir. YBM’nin modelleme paradigmasi, CAD yaklagimindan farkli olarak, nesne
yonelimli bir yonteme ve semantik veri modellemesine dayanmaktadir. YBM; veri depolamanin, veri
aligverisinin ve siireclerin asamali olarak sayisallastirilmasini icerir. YBM; semantik, (fiziksel, islevsel, teknik
ve betimleyici) 6znitelikler, 3B geometri ve diger yap1 elemanlariyla iliskiler gibi ¢esitli 6zelliklere sahip bina
nesnesi veya bina bilesenlerini (6rnegin, duvar, kiris ve kolon) igerir (Sekil 1). Zaman, maliyet planlar1 veya
belgeler gibi diger veriler de bilesenlerde saklanabilir. Boylece, bilesen odakli modellere dayali olarak,
malzeme listelerinin olusturulmasi, maliyet planlamasi veya kiitle/hacim hesaplamalar1 gibi cesitli analizler ve
simiilasyonlar miimkiin hale gelir (Blankenbach ve Becker, 2022).

YBM; binalardaki duvarlar, désemeler, merdivenler, borular, kablolar, elektrik fisleri vb. sayisal tanimlari olan
(Casini, 2022) bir dizi nesnenin kombinasyonundan olusan ayrintili nesne modeline sahip bina modellerine
odaklanmaktadir. Her nesne, genellikle fiziksel goriiniimii tanimlayan 3B geometri, malzeme tiirleri, tahmin
edilen kullanim 6mrii, modeldeki diger bilesenlerle iliskileri, boyutlar1 ve iireticinin verileri gibi bilgileri ra-
porlayarak tanimlayan ve smiflandiran verilere sahiptir. Bu nedenle duvar, kolon, pencere veya kapi gibi nes-
nelerin YBM’de bir anlami vardir (Kolbe ve Donaubauer, 2021). YBM, tiim geometrik ve iglevsel 6znitelikler
de dahil olmak {izere semantik olarak zengin bilgileri akilli nesneler koleksiyonunda biitiinlestirir (Bansal,
2021). Boylece, bir kez tanimlanan nesnenin birden ¢ok modele yerlestirilmesi miimkiin olur. Ayrica nesnele-
rin degistirilmesiyle, her bir model otomatik olarak giincellenmektedir. Otomatik olarak modelin giincellen-
mesi hatalar1 azaltmaktadir. Manuel miidahalelere ek olarak, parametre olarak bilinen bir dizi 6nceden prog-
ramlannms kural veya algoritma da mevcuttur. Ornegin, duvarlarin zemin seviyesinden baslayip tavana ulas-
masini saglamak i¢in bir kural olusturulabilir, bu durumda tavan yiiksekligi (zeminden tavana olan yiikseklik)
degistirildiginde duvarlar otomatik olarak buna gore ayarlanacaktir (Casini, 2022). YBM, bina bilgilerini di-
namik olarak alan, sunan ve iligkisel veri tabani kullanan bir yazilim aracidir (Lawrence, Darwich, ve Means,
2018).

CBS, bir bilgi sisteminin tiim &zelliklerine sahip bir mekansal karar destek sistemidir. Planlama, yonetim,
depolama ve problem ¢6ziimii icin geometrik ve semantik verilerin elde edilmesini, modellenmesini, diizen-
lenmesini, analizini, sunumunu ve yonetimini saglamaktadir. CBS ile diger bilgi sistemleri arasindaki en biiyiik
fark, CBS verilerinin cografi referansli olmasidir. CBS’nin temel 6gesi; konum bilgisi ve bu konumla ilgili
diger tim Oznitelikleri iceren mekansal bilgilerdir (Lowner, Groger, Benner, Biljecki, ve Nagel, 2016).
Mekansal bilgiler, kavramsal model araciligiyla gercekligi temsil eder ve normal olarak koordinatlari,
mekansal iligkileri, 6znitelikleri ve daha genis kapsamda zaman ve metaveri bilesenlerini igerir (Liu vd., 2017).
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Sekil 1. YBM igin semantik veri modelleme (Blankenbach vd., 2022)

1.2. YBM ve CBS Farkliliklar1

YBM ve CBS, sirastyla mimari ve cografi mekana iliskin sayisal temsilleri saglasa da odak noktalar: farkli
olan iki sistemdir. YBM, binalara odaklanirken, CBS binalarin ¢evresindeki mekéansal bilgilere
odaklanmaktadir. YBM, insaat projelerine ve nispeten mikro diizeyde veri olusturan bina i¢ bilesenlerine 6nem
verirken, CBS, topografik harita 6rneginde oldugu gibi daha ¢ok makro diizeyde bilgiler iiretmek i¢in kullanilir
(Wang, Pan, ve Luo, 2019). YBM’nin mekéansal kapsami nispeten kii¢iiktiir (Longley, 2008). Bu nedenle,
nesneler genellikle bagil olarak konumlandirilarak (Zhu vd., 2022) lokal diizlemsel (kartezyen) koordinat
sisteminde asamali bicimde olusturulmaktadir (Longley, 2008; Zhu vd., 2022). Aksine, CBS genellikle
bolgesel, ulusal veya global olarak cografi mekandaki dogal ve yapay varliklari (olgulart), 2B veya 3B olarak
modeller. Bu nedenle, diinyanin elipsoidal sekli dikkate alinarak (Longley, 2008) her bir nesne, cografi (6rn.
WGS84) ya da projeksiyon (harita) koordinat sisteminde (6rn. GK (TM) Orta Meridyen 30°/TUREF) mutlak
olarak konumlandirilir (Adouane vd., 2020).

YBM, hiyerarsik bir veri modelini esas alirken (Karan vd., 2015; Noardo vd., 2021); CBS, iliskisel ya da
nesne-iliskisel veri tabanina dayalidir (Karan vd., 2015). 3B kat1 modellerde nesnelerin temsilleri, sinir temsili
(boundary representation - B-rep), siiptirerek kati model olusturma (sweep solid - SS) ya da yapici katt
geometri (constructive solid geometry - CSG) teknikleriyle olusturulabilir. YBM, bu ii¢ teknigi de destekleyen
IFC formatinda olsa da genellikle CSG ve SS temsillerini kullanmaktadir (Zhu vd., 2022). CBS ise B-rep ve
yiizey modellerini kullanir (Ma vd., 2017). Kisaca; uygulama odaklari, kullanicilar, gelisim asamalari,
mekansal 6l¢ekler ve kapsamlar, koordinat sistemleri, semantik ve geometrik temsiller, ayrint1 diizeyleri, bilgi
depolama ve erisim yontemleri agisindan farkliliklar oldugu icin iki sistem arasinda uyumsuzluklar meydana
gelmektedir (Liu vd., 2017). Uyumsuzluklarina ragmen bu iki sistem birbirlerine veri saglayarak birbirlerini
tamamladiklari igin entegre edilmeleri dnemlidir (Demir Altintas ve Ilal, 2022).

1.3. Veri Degisim Formatlar

YBM ve CBS entegrasyonu i¢in bazi veri degisim formatlari mevcuttur. Bu degisim formatlari; agik,
tarafsiz bir degisim formati olan IFC (Zhu, Wang, Wang, Wu, ve Kim, 2019) ve semantik 3B kent modellerinin
depolanmasi ve degisimi i¢in temel agik veri modeli ve formati olan CityGML’dir (Biljecki, Kumar, ve Nagel,
2018). YBM ig¢in genel veri format1; AEC uygulama alanindaki yap1 ve insaat faaliyetlerini tanimlayan ve bilgi
aligverisini saglayan, acik, tarafsiz ve nesne tabanli bir veri formati olan IFC’dir. Uluslararas1 Standardizasyon
Orgiitii (ISO 16739:2013) tarafindan tescil edilmis resmi uluslararasi standarttir. CBS’de, CityGML, JSON
tirevi CityJSON ve shape dosyasi olmak iizere veri formatlar1 mevcuttur. CityGML agirlikli olarak teorik
caligmalarda yer almakla birlikte, shape dosyas1 daha ¢ok uygulamaya yonelik ¢aligmalarda kullanilmaktadir
(Zhu vd., 2019). Shape dosyasi, YBM ve CBS entegrasyonunda en sik kullanilan CBS platformu ArcGIS’in
yerel bir formatidir, topluma agiktir ve QGIS gibi birgok agik kaynakli yazilim tarafindan desteklenir (Zhu vd.,
2021a).

13.1. IFC

IFC, binanin yasam dongiisii boyunca karmasik iletisim ve bilgi paylasim siireglerini yonetmek i¢in bina
projelerinde kullanilan standartlagtirilmis bir agik veri modelidir. IFC, genellikle daha kiiciik ¢apli bina ve
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altyap1 bilesenlerinin (mekanik, elektrik ve sihhi tesisat bilesenleri) ve bu bilesenlere iliskin ag verilerinin
yiiksek geometrik ve semantik ayrintiyla modellenmesine yonelik olarak tasarlanmustir (Donkers, Ledoux,
Zhao, ve Stoter, 2016). IFC, ¢esitli disiplinler i¢in ilgili yapilari, insaat alaniyla ilgili kullanimlari ve siiregleri,
tipik yap1 elemanlarinin semantik tanimini, geometrik temsilini ve iligkilerini icermektedir (Noardo vd., 2021).

IFC, buildingSMART tarafindan gelistirilen EXPRESS tabanli bir veri standardidir. AEC uygulama alanlart
icinde acik ve tarafsiz bir degisim formatidir (Zhu vd., 2019). IFC; kaynak katmani, ¢ekirdek katmani, birlikte
caligabilirlik katmani ve uygulama alan1 katmani olmak iizere dort temel kavramsal katman icerir. Her IFC
katmani birkag alt sema icermektedir (Rajabifard, Atazadeh, ve Kalantari, 2019). IFC dosyasinda semantik;
varliklarin, ozniteliklerin ve iligkilerin bir karisimi olarak depolanir. Varliklarin (siniflarin) bir kismi
IfcBuildingElement’in alt varliklari (IfcColumn, IfcBeam vb.) olarak tutulmaktadir. Bu varliklar, bir binanin
sahip olabilecegi bircok farkli islevi temsil etmek i¢in kullanilabilir. Ancak bu bilgiyi saglamayan, yaygin
olarak genel islev i¢in kullanilan IfcBuildingElementProxy sinifi da mevcuttur. Dagitim elemanlari (6r. 1sitma,
sogutma, havalandirma ve sihhi tesisat) gibi standardin diger boliimlerinde de benzer alt siniflar mevcuttur.
IFC modelinde yer almayan nesnelerin temsilleri i¢in IfcProduct’in alt sinifi olan IfcProxy 6gesi mevcuttur.
Bu tiir genel siniflarin olmasi, 6zellestirilmis nesnelerin modellere eklenmesini desteklemek i¢in kullanisli olsa
da nesnelerin yorumlanmasini zorlastirmaktadir. Ayrica, aymi tiirden bir nesneyi birkag¢ varlik araciligiyla
depolamak ¢ogu zaman miimkiindiir. IfcProduct ise iist soyu olan IfcObject, IfcObjectDefinition ve ¢ekirdek
katmanindaki en {iist varlik olan IfcRoot’u igermektedir (Rajabifard vd., 2019; Ohori, Ledoux, ve Peters,
2022b) (Sekil 2).

'y . Y
IfcObjectDefinition IfcPropertyDefinition ‘ IfcRelationship ‘
‘ IfcObject ‘ ‘ IfcTypeObject ‘ ‘ IfcFillsElement ‘ ‘ IfcVoidsElement
I
'y P 4
‘ IfcProcess ‘ ‘ IfcActor ‘ ‘ IfcProduct ‘
I
4 P P
IfcSpatialStructureElement ‘ IfcProxy ‘ ‘ IfcElement ‘
I
' '} i I} é s
‘ IfcSite IfcBuilding IfcBuildingStorey ‘ IfcSpace IfcBuildingElement IfcFeatureElement
[
'y Y '} b
IfcWindow ‘ IfcWall ‘ ‘ fcBeam ‘ IfcColumn

Sekil 2. IFC smif hiyerarsisinin IfcBuildingElement i¢eren bir kismi (Borrmann, Beetz, Koch, Liebich ve Mu-
nic, 2018)

IFC’de, 3B kati modellerde nesnelerin temsil edilebilmesi i¢in, B-rep, SS ya da CSG teknikleri
kullanilmaktadir (Donkers vd., 2016; Zhu vd., 2019; Zhu vd., 2022). B-rep, sinirlayici yiizeyleri kullanan bir
3B nesneyi temsil eder (Sekil 3a). Genellikle pencereler ve kapilar gibi karmasik nesneler i¢in kullanilir. CSG,
3B nesneleri temsil etmek i¢in ilkel nesnelere iligkin bir dizi mantiksal (boolean) islemin (fark, birlesim ve
kesisim) sonucunu kullanir. ilkel nesneler; kiireler, koniler, piramitler veya silindirler olabilir (Sekil 3b). SS,
stiplirme yolu ile baglantili olarak bir 3B geometriyi tanmimlamak i¢in bir 2B profil (daire, dikdortgen ve
cokgen) kullanir (Sekil 3¢) (Donkers vd., 2016; Zhu vd., 2019). Bu temsiller bagimsiz olarak kullanilabilir
veya bir hiyerarside birbirleriyle birlestirilebilir. Cikarma iligkileri, bosluk mekanizmasi yoluyla agikliklari
temsil eden IfcOpenings ve IfcSpaces onemlidir. IfcOpening, bir geometriden (Srnegin, IfcWall’daki bir

pencere igin veya IfcSlab’daki bir merdiven i¢in bir bosluk olusturulmasi) ¢ikarilan 3B nesneleri tanimlar
(Ohori vd., 2022Db).
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kabuklar
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Sekil 3. IFC’de kullanilan katt model drnekleri: (a) Ilkel nesnelerin mantiksal islemler sonucu olusturdugu
CSG, (b) yiizeyler kullanilarak olusturulan B-rep ve (c) 2B profillerin siipiirme igslemleri sonucu olusan SS
(Rajabifard vd., 2019)

YBM’deki LOD (Level Of Development) (Bkz. B6liim 2.2.3.), hem gerekli olan geometrik ayrintiyr hem de
gerekli semantik bilgileri saglayarak, bilgilerin kapsamini tanimlar (Casini, 2022). Bu iki kavram birlikte ge-
listirildikleri i¢in genellikle uyumlu hale gelirler (Alhusban, 2021). Genel olarak; LOD100, binanin seklini
temsil eden tek bir bloktan olusabilir. Ayrica LOD100, yalnizca alan ve hacim gibi temel 6l¢iimler i¢in uygun-
dur. LOD200, kiriglerin gergek boyutlarini dogru bigimde temsil eder. LOD300’de nesneler daha ayrintili ve
dogrudur. LOD400, nesnelere kiiciik ayrintilarin eklenmesiyle onlarin en dogru temsillerini saglar (Ingram,
2020). LODS500 ise sahada mevcut olan durumu yansitmaktadir (Casini, 2022) (Sekil 4).

LOD 200 LOD 300

Yaklagik geometri Hassas geometri

Sekil 4. Ayni varligin LOD100-500 arast1 gelisim diizeyi degisimi (Blankenbach vd., 2022)

1.3.2. CityGML

CityGML, OGC tarafindan XML formatinda tanimlanan GML’ye dayali olarak kentlerin ve ¢evresinin 3B
modellerini depolayabilen agik standart bir veri modeli ve degisim formatidir (Sani vd., 2018). CityGML,;
binalar, yollar, demiryollari, tiineller, kopriiler, su kiitleleri, bitki ortiisii ve arazi gibi kentsel alandaki varliklar
icin kavramsal bir sema tanimlar (Yao vd., 2018). CityGML’nin avantaji, elektrik dagitimi veya tiiketimi,
trafik, giirtiltii ve kirliligin yayilmasi gibi cesitli olgular1 simiile etmek i¢in bir sehri modelleyebilmesidir
(Kolbe vd., 2021). CityGML’de semantik ve geometrik/topolojik 6zniteliklerle modelleme desteklenir (Al
Kalbani ve Rahman, 2022). Semantik diizey; binalar, duvarlar, pencereler veya odalar gibi nesneler ile temsil
edilir. Tanimlamalar ayn1 zamanda nesnelere iliskin 6znitelikleri ve nesneler arasindaki iligkileri ve birlestirme
(parga-biitiin) hiyerarsilerini de icerir (Sekil 5). Geometrik diizeyde; geometri, mekansal konumu ve kapsami
temsil eden tematik nesnelere atanir. Karmasik geometriler, temel geometrilerden birlestirme hiyerarsisiyle
olusturulabilir (Kolbe vd., 2021).CityGML, 3B nesnelerinin geometrisini temsil etmek igin iki kisitlamayla
ISO19107'nin bir alt kiimesini kullanir: GM_Curves yalmizca dogrusal olabilir (bu nedenle yalnizca
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LineStrings ve LinearRings kullanilmis) ve GM_Surfaces yalnizca diizlemsel olabilir (bu nedenle Polygons

kullanilir) (Ohori vd., 2022a).

CityGML 3.0 veri formatinda, mekansal nesnelerin geometrik ayrintilarinin tanimlanmasina gore diisiikten
yitksege dort farkli LoD (Level of Detail) (Bkz. Boliim 2.2.3.) mevcuttur. LoDO, diizlemsel (2B) temsilleri;
LoD1, prizmatik blok model temsilleri; LoD2, genellestirilmis geometrik temsilleri ve LoD3, en yiiksek geo-
metrik karmagsikliktaki temsilleri kapsar. LoD0’dan LoD3’e kadar olan tamimlar, ilkesel olarak oOnceki
CityGML siirtimleriyle aynidir, ancak tiim nesne tiirlerini kapsayacak bi¢imde genisletilmistir. Dig ve i¢ mekan
nesneleri ve tiim dznitelikler, LoD0’dan LoD3’e kadar temsil edilebilir hale getirilmistir. Bu nedenle dnceki
CityGML versiyonlarinda bulunan ve i¢c mekana ait nesneleri kapsayan LoD4 kavramindan vazgecilmistir
(Lowner vd., 2016). CityGML 3.0 veri formatina gore hacimsel gercek diinya nesneleri, LoD0’da tek noktalar,
LoD0/2/3’te ¢oklu ylizeyler, LoD1/2/3’te katilar, LoD2/3’te ¢oklu egriler/¢izgiler ile temsil edilebilir (OGC,

2021) (Sekil 6).
+boundary +boundary
Ll »
T aProperty» ' Property:
FeatureType» i aFeatureType»
Construction:: Core::
bstractConstructiol i
A n boundary AbstractTh “+boundary
«Froperty» +boundary «Property» AbstractSpace
«Property» «FeatureTypex
+buildingSubdivision Core::
«FeateTyper : «Property» AbstractLogicalSpace
AbstractBulding < \l/ 1%
«Propertys +address
+  class: BuildingClassValue [0..1] «FeatureTypas «Property» uFeetue. ] Types .
+  functon: BuidingFunctionValue [0..*] o
+  usage: BuildingUsageValue [0..] d n
g “ﬂmimﬂ;‘fﬁ:’:“’"‘[}o . i +  dhass: BuldingSubdivisionClassValue [0.1]
N soreyaAovecy i 1999’0"1 AbstractPhysicalSpace +  function: BuikdingSubdivisiorFunctionValue [0..*]
;i mEy‘ﬂ_!bNGmm 3 I'I&QHM[%SLEF o FeatureTypes + usage: BuildingSubdivisionUsageValue [0..*]
storeyHeig X ’ ; =
+  storeyHeightsBelowGround: MeasureOrNiReasonList [0, 1] Core:: i S S
AbstractUnoccupiedSpace + sotkey: Real [0.1]
+buildingRoom
«Propertys
? «FealureTyper «FeatureTypes . . FeatureTypen
BuildingRoom ildingUni Storey
+buldingPart «Property» +huildingUnit +slorey
«ToplevelFeatureTypes 1 «Property» «FeatureTyper +  dass: BuildingRoomClassValue (0..1) 4Property» «Property»
Building ildingF « |+ funclion: Building i [0.1] -
——>{ *+  usage: BuildingRoomUsageValue [0..] hd
+ roomHelght RoomHeight 0. “Propertyr
AbstractOccupiedSpace i +puildinglnstallation
. «Property» idingl: i
«FeatureTypes :M(%laﬁm
Construction:: «FeatureTypen
AbstractConstructiveElement Buildinglnstallation
tmikiaglrsralaticnw «Property» AbstractOccupiedSpace
«Property» + dass: BuidinglnstallationClassValue [0..1] «FeatureTypes
function: Build . " - > —
G '+ enge Bkghmilaton evalue [0 [D]] g
BuildingConstrudiveElement S o & Abstractinstallation
«Property» +buildingFumiture
+  dass: BuildingConstructiveElementClassValue [0..1] o . FealureTyper AbstractOccupiedSpace
: mmﬁBﬁiicin[gOmslr\meﬂamanummVaIue[o..] BulldingFurniture —> «FeatueTypes
usage: Building [0.7] ¢ -
«Property»
+buikdingC veElement +buildingConstructiveElement +tuildingFumire +  class: BuildingFumitureClassValue [0..1] N bneardeiianid
«Property» “Property» Properys |+ foncion BuingFumitureFuncionkalue 0.1 |, #oulingFumite
+  usage: BuildingFumitureUsageVaiue [0.."] «Property»

Sekil 5. CityGML 3.0 Bina Modiilii (Kutzner, Chaturvedi, ve Kolbe, 2020)

LoD3

Sekil 6. Ayn1 binanin LoDO0-3 aras1 ayrint1 diizeyi degisimi (OGC, 2021)
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1.3.3. CityJSON

CityJSON, CityGML veri modelinin (siirim 3.0) bir alt kiimesi i¢in insanlar tarafindan okunabilen,
bilgisayarlarin ayristirmasi ve kullanmasi kolay bir veri degisim formati olarak tasarlanan JSON (JavaScript
Object Notation) (Nurseitov, Paulson, Reynolds ve lzurieta, 2009) tabanli bir kodlamadir. Kentlerin ve
peyzajlarin/arazilerin sayisal 3B modellerinin nasil saklanacagini tanimlar. CityJSON’un amaci, CityGML’in
okunmasi ve iglenmesi i¢in ayrintili ve karmagik olabilen GML kodlamasina bir alternatif sunmaktir.
CityJSON’un, hem veri setlerini okumak hem de bunlari olusturmak i¢in kolay kullanima sahip olmasi
amaglanmaktadir (Ohori vd., 2022a). CityJSON veri formatinda bulunan “Building” sinifinda, ¢at1 yiizeyi
“RoofSurface”, zemin ve dosemeler “GroundSurface”, duvarlar “WallSurface”, kapanis yiizeyleri
“ClosureSurface”, dis tavan yiizeyi “OuterCeilingSurface”, dis zemin yiizeyi “OuterFloorSurface”, pencere
“Window” ve kap1 “Door” siniflarina 6znitelik olarak sahip olabilmektedir (Ledoux ve Dukai, 2022).

2. Materyal ve Yontem

YBM ve CBS veri entegrasyonu i¢in IFC 2x3 formatinda bulunan farkli geometrik ve semantik verilere
sahip bir medikal klinik, bir ofis ve iki katli bir apartmana ait statik, mimari ve tesisat projelerini i¢eren i¢ adet
YBM (Sekil 8) (https://www.whdg.org/bim/cobie/common-bim-files) geometrik doniisim ve semantik
aktarim ile Safe FME Workbench yazilimi kullanilarak CityGML 2.0 ve CityJSON 1.0.1 veri formatlarina
dontistiirilmistir (Sekil 7).

~ Aktariimasi Geometrik H
Istenen Siniflarin Semantik Esleme > e
Secimi Doniisim
cimi @

Sekil 7. IFC’den CityGML ve CityJSON doniisiim adimlari

d Ll
L[ LI
"-1-..|_1 '_L'.J_..t Ly

S |
|

T
poo

Sekil 8. (a) Medikal klinik, (b) iki katli apartman ve (c) ofise ait statik ve mimari projelerin birlesimini igeren
YBM’ler
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2.1. Semantik Aktarim

YBM biitiinliigii i¢in semantik ve geometrik bilgiler 6nemlidir. En yiiksek verimlilikle birlikte calisabilirlik,
veri entegrasyonunun semantik yoniiyle garanti edilir. Semantik birlikte ¢aligabilirligin kilit noktasi, veri
doniigtiirme sirasinda bilgi yonetim sistemleri arasindaki 6zniteliklerin ve iligkilerin korunmasini saglamaktir
(Malinverni vd., 2022). Geometri, semantik bilginin eklenebilecedi g¢ergeveyi olusturmaktadir ve yapi
modellerini ek bilgilerle zenginlestiren semantiktir. Bu nedenle, geometrik verilerin yaninda semantik veriler
de dogru sekilde aktarilmalidir. YBM’deki semantik veriler, bilesen tiiri ve kullanilan malzemeler gibi yap1
bilesenlerinin 6znitelikleri, 6zellikleri ve bu bilesenler arasindaki iliskileri ifade eder (Zhu vd., 2022). Semantik
aktarim, semantik esleme yaklasimiyla gerceklestirilmistir. Semantik esleme, aktarilan semantigin
dogrulugunu saglamak i¢in IFC ve CityGML’deki siniflar arasinda baglantilarin kurulmasini ifade eder. Yapi
elemanlarinin eslenmesi, 6zniteliklerin ve iligkilerin eslenmesini icerir (Zhu, Wright, Wang, ve Wang., 2018).
Semantik esleme, iki simf arasinda bir baglanti kurar, bdylece kaynak simiftan gelen bilgiler hedef simifa
eslenebilir (Zhu vd., 2022). Ancak, IFC’de sinif sayisinin fazla olmasi ve her verinin aktarilmasinin gerekli
olmamasi nedeniyle gesitli veri siniflari secilmistir. CityGML’deki bir bina hem kati model hem de bu kati
modelin yiizeyleri igin semantik 6zelliklere sahip olabilir. IFC, semantigi depolamak i¢in farkli bir yapiya
sahiptir ve nesneler iliskiler ag1 araciligryla birbirine baghdir. CityGML semantiginin bir IFC nesnesinden
cikarilmasi i¢in ¢ogu durumda IFC sinifi ve nesnenin tiirii yeterlidir. Bununla birlikte, en uygun semantik
esleme i¢in iliskilerin anlagilmasi da oOnemlidir (Donkers vd., 2016). IFC’nin hiyerarsik yapisinin
CityGML’den karmasik olmasi (6rnegin, IFC’de kapilar duvarlara ait agikliklara, CityGML’de ise kapilar
dogrudan duvarlara aittir.) ya da IFC’deki bazi yap1 eleman1 parcalarinin farkli siniflarda bulunmasi gibi
(6rnegin, pencerelerin ve merdivenlerin pargalari IfcMember smifinda yer alir. Ancak, CityGML’e
doniistiiriiliirken bu parcalar iist smiflar1 olan pencere ya da merdivenlerde bulunmalidir.) problemlerin
coziimlenmesi icin IFC’deki nesnelerin alt soy ve iist soylarmin bulunmasini gerektirir. IFC ve CityGML’in
semantik eslenmesinde Donkers vd. (2016) ve Cecchini (2019) (Sekil 9) esas alinarak ve eklemeler yapilarak
esleme yapilacak siniflar belirlenmistir. CityJSON’da ise “Building” sinifi altinda ¢esitli semantik yiizeyler ile
IFC varliklari eslestirilmistir (Tablo 1).

IfcProject —— > CityModel —) WallSurface
IfcBuilding —— > Building

IfcBuildingStorey —— > BuildingPart

IfcSlab FloorSurface

IfcSpace —F—F> Room IfcRoof RoofSurface

IfcOpening
IfcColumn Window
IfcWindow
IfcBuildingProxy »Buildinginstallation Door

IfcStairFlight

IfcStair

Sekil 9. IFC ve CityGML siniflarin semantik eslenmesi (Sar1 renk IFC siniflarin1 ve yesil renk CityGML
siiflarint gostermektedir. Siyah dis ¢izgisi olmayan kutucuklarda yer alan siniflar geometrik bilgi tasimazlar)
(Cecchini, 2019)

Tablo 1
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IFC siniflar1 ve eslendikleri CityGML ve CityJSON simiflari

Smif IFC Siifi CityGML Sinifi CityJSON Simfi/ Semantik Yiizeyi
Proje IfcProject CityModel Building
Bina IfcBuilding Building Building
Oda IfcSpace Room Building
Kolon IfcColumn Buildinglnstallation Building/ClosureSurface
Kirig IfcBeam BuildinglInstallation Building/ClosureSurface
Doseme IfcSlab FloorSurface Building/GroundSurface
Temel IfcFooting BuildingPart Building
Kapt IfcDoor Door Building/Door
Pencere IfcWindow Window Building/Window
Cat1 IfcRoof RoofSurface Building/RoofSurface
Duvar tewall WallSurface Building/WallSurface
IfcWallStandardCase
Cam Perde Duvar/ . . - .
o o IfcCurtainWall Window Building/Window
Giydirme Cephe Vitrini
Cam IfcPlate Window Building/Window
Dikme IfcMember Window Building/Window
Merdiven IfcStair Buildinglnstallation Building
Merdiven Kolu IfcStairFlight Buildinglnstallation Building
Sahanlik IfcSlab Buildinglnstallation Building
Korkuluk ve Kiipeste IfcRailing Buildinglnstallation Building
Yanak
_ IfcMember Buildinglnstallation Building
(Kiris profil)
Mobilya/ Esya IfcFurnishingElement BuildingFurniture Building
Tesisat IfcFlowTerminal IntBuildingInstallation Building

2.2. Geometrik Doniisiim

Geometrik doniisiim, bina modellerinin geometrisinin CBS’de kullanilabilecek bigimde doniistiiriilmesidir.
YBM ve CBS, farkli modelleme paradigmalar1 kullandigi i¢in geometrik doniisiim gereklidir. Bu durumda ele
alinmasi gereken li¢ ana sorun; referans sistemi, 3B geometri ve ayrint1 diizeyi farkliliklaridir (Zhu vd., 2018).
Bu nedenle geometrik doniisiim; koordinat sistemi doniistiirme, cografi referanslama ve temsil doniistiirme
gibi bir dizi alt gérevden olusur (Zhu vd., 2022).

2.2.1 Temsil Doniistiirme

Modelleme paradigmasindaki farkliliklardan biri 3B modellerin agik veya oOrtiikk olabilmesinden
kaynaklanmaktadir (Zhu vd., 2022). Temsil doniistiirme, 6rtik modellerin agik modellere dontstiiriilmesini
ifade eder. Ortiik modeller, parametrik modelleme yontemleriyle (CSG ve SS) olusturulur ve bir dizi parametre
ile temsil edilirken, agik modeller B-rep gibi agik noktalarla temsil edilirler. YBM, hem &rtiik modelleri hem
de ac¢ik modelleri kullanabilir (Malinverni vd., 2020), yani IFC; CSG, B-rep ve SS’den birini veya bunlarin
kombinasyonunu kullanabilmektedir (Ma vd., 2017). Parametrik modellerin sekil, boyut ve konumu kolayca
ayarlanabildigi icin, bagka bir ifadeyle geometri diizenlemede daha esnek olmalar1 nedeniyle IFC, genellikle
SS ve CSG’yi kullanir. IFC, parametrik olmayan B-Rep’i yalnizca gerektiginde kullanir. CBS ise parametrik
modellemede yetersiz oldugundan agik modelleri (katt modeller veya yiizey modelleri) kullanir. CSG ve
SS’nin B-Rep’e doniistiiriilmesi, bu modellerin CBS’de kullanilmasina olanak tanir (Zhu vd., 2022).

2.2.2. Cografi Referanslama

Cografi referanslama, orijinal olarak bir harita veya raster goriintiiyli cografi mekéanda karsilik geldigi
konumla iliskilendirme siirecini ifade eden bir terimdir. Bina modelleri, yol ag1 gibi CBS ortamindaki diger
mekansal veriler ile entegre edilecekse, cografi referanslama gereklidir (Zhu vd., 2021a). Bir nesneyi cografi
referanslamak, nesnenin dogru cografi konuma yerlestirilmesi i¢in koordinatlariin doniistliriilmesini kapsar
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(Diakite ve Zlatanova, 2020). Cografi referanslama yontemleri, CBS’de mevcuttur. Bu nedenle bu
entegrasyondaki problemler, IFC standartlarindan kaynaklanmaktadir (Zhu vd., 2022). Cografi referansh
YBM, CBS’deki diger mekansal veri setleriyle entegre edilebilir (Ingram, 2020). IFC4’ten 6nceki IFC
stirtimleri, mekéansal referans bilgilerinin tamimlanmasi i¢in agikca belirtilmis bir varliga sahip degildir ve
cografi referanslama igin yeterli olmadiklarn diigiiniilmektedir. YBM ve CBS farkli koordinat sistemlerini
farkli bigimlerde kullamir (Ma vd., 2017). YBM, nesnelerin lokal diizlemsel koordinat sisteminde (3B
kartezyen koordinat sistemi) tanimlandigi lokal konumlandirma sistemini benimser. Bir nesnenin lokal
konumlandirma sistemi, baska bir nesneyle iliskilidir. Ornegin, bir pencerenin lokal konumlandirma sistemi,
bir duvarin lokal konumlandirma sistemiyle iliskili olabilir. Bu mekanizma, model degisikligini
kolaylastirmaktadir (Zhu vd., 2018). CBS ise genellikle bdlgeleri, iilkeleri ve hatta tiim diinyay1 kapsayan
uygulamalara odaklandig1 i¢in bir cografi koordinat sistemi kullanir; igindeki her nesne, enlem, boylam ve
yiikseklik seklinde mutlak koordinatlara sahiptir (Deng, Cheng, ve Anumba, 2016; Zhu vd., 2022). CBS lokal
diizlemsel koordinat sistemi de kullanabilir, ancak ¢ogu durumda cografi koordinat sistemi kullanmaktadir
(Zhu vd., 2018). Bu nedenle, geometrik doniisiim esnasinda koordinat sistemi doniisiimii yapilmalidir (Zhu
vd., 2022). Referans sistemi doniisiimii i¢in 2.1 ve 2.2 denklemlerinin kullanimi 6nerilmektedir. Lokal
koordinat sistemindeki nesnelerin kdselerinin koordinatlarini hesaplamak igin matris denklemi 2.1°de
gosterildigi gibidir. Burada D, siipiirme mesafesi ve (Vx, Vy, V), siiplirmenin yon vektoriidiir (Wu ve Hsieh,
2007). Koordinatlar1 lokal sistemden gercek diinya sistemine doniistiirmek i¢in matris denklemi 2.2°de bulunan
(0%, 0y, 0;) X, Y, Z koordinat sisteminin eksenlerini X', Y', Z' eksenlerine paralel yapmak i¢in sirasiyla X'
ekseni, Y' ekseni ve Z' ekseni etrafindaki donis acgilaridir. (Ax, Ay, Az) ise yerel koordinat sisteminin
orijininden gergek diinya koordinat sistemine 6teleme vektoriidiir (Sani vd., 2018; Wu vd., 2007).

' Vel

v (=05l + ]y 2.1)
| 7/ | Vz A

X2] [1 0 0 cos 0y, 0 —sin 6,71 cos B, sinh,0][*1 Ax

Y2 =[0 cos@xsinex” 0 1 0 ”—sinHZCOSBZO] yi|+ Ay (2.2)
| Z; | 0—sin 6y cos 6] sin6, 0 coso, 0 0o 1llz1 Az

2.2.3 Ayrint1 Diizeyi Doniisiimii

Hem YBM hem de CBS, bina modellerinde bulunan bilgi miktarin1 gosteren bir terime sahiptir (Zhu vd.,
2022). Yapilarin tasarimi ve planlamasi, n tasarim ve kavramsal planlama ile baslayip uygulama planlamasi
ile bitecek bicimde adim adim gergeklestirilir. Bu, insaat miithendisligi ve bina insaatinda CBS ve YBM tabanl
planlama icin esit derecede gecerlidir. Bunun i¢in sayisal modeller ve dolayisiyla bilesenler baslangicta
yalnizca kaba ayrintilandirma gerektirir. Rafine planlama ile (planlama uygulamasi veya planlama onay1 igin
belgelerin sunulmasi, kiitlelerin veya miktarlarin belirlenmesi, maliyet tahmini vb.), hem geometrik hem de
semantik bilgi i¢in ayrintilandirma talepleri artar. Planlamada model nesnelerinin ayrintilandirilmasiyla farkl
gereksinimleri karsilamak i¢in, LOD kavramu gelistirilmistir. LOD kavrami, dogruluk diizeyiyle (level of
accuracy - LOA) karistirilmamalidir. LOA, bir bilesenin mevcut durumunun Ol¢iimiindeki geometrik
dogrulugu veya daha sonra Olgme verilerinden tiiretilen modelin geometrik dogrulugunu tanimlar
(Blankenbach ve Becker, 2022). CityGML, modellerde yer alan bilgi miktarini belirtmek i¢in LOD’den kismen
farkli olarak LoD kavramimi kullanmaktadir (Zhu ve Wu, 2022; Alhusban, 2021). LOD, YBM’deki gesitli
planlama asamalar1 sirasinda kademeli olarak daha ayrintili hale geldiginden, cesitli planlama asamalarina
uyacak bigimde olusturulmustur. Ote yandan CBS, zaten var olan gergek diinyay: temsil ettigi icin sisteme
aktarilmas1 gereken gercek diinya nesnelerinin belirlenmesi gerekmektedir. LoD kavrami, genellestirme
ilkesini takip etmektedir. Diisiik LoD’de, kiigiik veya daha az 6nemli yap1 parcalarinin veya elemanlariin
modellenmedigi veya basitlestirildigi anlamina gelir (Blankenbach vd., 2022). LoD, biitiin bina modeline
odaklanarak bina modelinin i¢ermesi gerekenleri belirtmektedir. LOD ise binanin bilesenlerine ve bina
bilesenlerinde nelerin olmasi gerektigine odaklanmaktadir. Bu nedenle geometrik doniisiim sirasinda
bulunmasi gereken yapi elemanlarini belirlemek énemlidir (Zhu ve Wu, 2021b).
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3. Bulgular ve Tartisma

IFC’den CityGML’e ve CityJSON’a doniisiim i¢in medikal klinik, ofis binasi ve iki katli apartman olmak
tizere ¢ farkli binada FME Workbench yazilimi ile geometrik doniisim ve semantik aktarim
gerceklestirilmistir. YBM’deki binalara ait nesneler LOD400 ayrinti diizeyine sahiptirler. IFC 2x3’ten
CityJSON 1.0.1°e doniisiim i¢in geometrik doniisiim ve semantik aktarim gergeklestirilmistir. Geometrik
dontisiim i¢in IFC’deki karmasik kati model, FME Workbench’teki doniistiiriiciiler yardimriyla basit bilesik
yiizeylere doniistliriilmiistiir. Bu ylizeylerin CityJSON’daki semantik yiizeylerle eslestirilebilmesi ve her bir
ylizeyin ayr1 olarak tanimlanabilmesi i¢in yiizeyler ayristirllmistir. Bu ayristirilan yilizeyler Tablo 1’de de
belirtilen CityJSON’daki semantik yiizey isimlerine uygun olacak bicimde eslestirilmistir. Semantik olarak
eslestirilen bu yiizeyler B-rep geometrisi olusturacak bigimde birlestirilmistir. LoD ve kimlik verileri
belirlenerek “Building” sinifina aktarilmistir (Sekil 10). IFC 2x3’ten CityGML 2.0’ye doniisiim i¢in geometrik
doniisiim ve semantik aktarim gergeklestirilmistir. Geometrik doniisiim i¢in IFC’deki karmasik kati model
FME Workbench’teki doniistiiriiciiler yardimiyla basit yiizeylere doniistiiriilmiistlir. Semantik aktarim icin ise
IFC siniflar1 Tablo 1°de de belirtilen CityGML siniflariyla eslestirilmistir. Ancak, siniflarin eslestirilmesinde
cesitli sorunlarla karsilasilmistir. IFC’de nesneye ait pargalarin farkli siniflarda bulunmasi ya da farkli tiirdeki
nesnelerin ayni sinifta bulunmasi gibi karmasikliklar mevcuttur. Ayrica, CityGML’de bina elemanlarinin
bulundugu siniflarin az olmasi ve hiyerarsik yapisinin farkli olmasi nedeniyle IFC’deki nesnelerin iist soylaria
uygun olacak bigimde smiflar olusturulmustur. Bu nedenle, oncelikle IFC siiflarindaki varliklara ait st
soy/alt soy bilgisi elde edilmistir. Ardindan, varliklara ait soy bilgisi ve dzellikler esas alinarak sorgulamalar
yapilmistir. CityGML’e aktarilacak varliklara ait kimlik verileri, LoD’si ve yapidaki rolleri belirlenerek
CityGML’deki siniflarla eslestirilmistir (Sekil 11). CityGML ve CityJSON’da LoD3 diizeyinde sonuglar elde
edilmistir. Cografi referanslama ise IFC 2x3 versiyonunda binalara ait koordinat sistemleri, baslangic
koordinatlar1 ve bunlar ile ilgili bilgi bulunmamasi nedeniyle tam olarak gergeklestirilemese de FME
Workbench ile ya da veri formatlarinin doniistimii sonucu CBS ortamina aktarilmasiyla gerceklestirilmistir.
Ancak, CityJ]SON’in CBS ortaminda acilmasindaki problemlerden dolayr CityGML’in cografi
referanslanmas1 daha kolay gergeklestirilmistir. Bina baglamindaki bulgular makalenin devaminda
incelenmistir.
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Sekil 10. FME Workbench ile IFC’den CityJSON’a doniisiim 6rnegi
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Sekil 11. FME Workbench ile IFC’den CityGML’e doniisiim 6rnegi

Medikal klinige ait mimari projenin IFC’den CityJSON’a doniistiiriilmesinde semantik aktarimda problem
yasanmamigstir. Ancak, geometrik doniisiimde dis duvarlarin zikzakli (girintili - ¢ikintili) olmasi nedeniyle
binanin geometrik biitlinliiglinii bozacak bi¢cimde ¢ikintili dikdortgen prizmalar olusmustur (Sekil 12). Binanin
genel yapisinin bozulmamasi i¢in sorgulamalar ile dikdortgen prizmalarin binadan ¢ikarilmasi saglanmstir.
Ancak, yine de sekillerdeki bozukluklar tamamen giderilememistir (Sekil 13). Ayni zamanda, bina dokusunun
korunmasi igin “IfcCurtainWall” olarak bulunan cam iceren giydirme cephe vitrinlerinin “wall” yerine
“window” olarak aktarilmasi tercih edilmistir. [FC’den CityGML’e doniisiimde ise semantik aktarimda
problem yasanmamistir. Geometrik doniigiimde ise zikzakli yapida ince bir dikdortgen prizma meydana gelse
de (Sekil 12) bina biitiinliigli bozulmamaktadir (Sekil 13).

Sekil 12. Medikal klinik mimarisi: (a) IFC, (b) CityGML ve (c) CityJSON formati
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(c)

Sekil 13. Medikal klinigine ait mimari projenin (a) IFC’den (b) CityGML ve (c) CityJSON formatina
doniistimii

Medikal klinige ait statik projenin IFC’den CityJSON’a doniistiiriilmesinde geometrik doniisiim ve semantik
aktarimda problem yasanmamustir. IFC’den CityGML’e donisiimde ise semantik aktarimda IfcRoof ve
IfcSlab’in {ist soy/alt soy karmasasi nedeniyle metal cati nesneleri geometrik olarak aktarilamamustir. Bu
problem ¢at1 olarak aktarilan semantik nesne sinifinin “roofsurface” yerine “floorsurface” olarak aktarilmasi
ile ¢ozlilmiistiir. Bu sayede geometrik doniisiimde de sorun kalmamustir (Sekil 14).

== I |

(c)

Sekil 14. Medikal klinigine ait statik projenin (a) IFC’den (b) CityGML ve (c¢) CityJSON formatina dontisiimii

Inceleme yapilan diger bir bina ise ofis binasidir. Ofis binasina ait mimari projenin IFC’den CityJSON’a
doniistiiriilmesinde semantik aktarimda problem yasanmamuistir. Ancak, geometrik doniisiimde dis duvarlarin
licgen biciminde olmasi nedeniyle binanin geometrik biitiinliigiinii bozacak bicimde ¢ikintili dikdortgen
prizmalar olusmustur. IFC’den CityGML’e doniisiimde ise geometrik doniisiim ve semantik aktarimda
problem yasanmamustir (Sekil 15). Ofis binasina ait statik projenin IFC’den CityJSON’a doniistiiriilmesinde
geometrik ve semantik olarak problem yasanmamustir. IFC’den CityGML’e doniisiimde ise semantik
aktarimda IfcRoof ve IfcSlab’in iist soy/alt soy karmasasi nedeniyle metal ¢at1 nesneleri geometrik olarak
aktarilamamigtir. Bu problem, cati olarak aktarilan semantik nesne simifinin “roofsurface” yerine
“floorsurface” olarak aktarilmasi ile ¢oziilmiistiir. Bu sayede, geometrik doniisiimde de sorun kalmamistir
(Sekil 16).
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©

Sekil 15. Ofis binasina ait mimari projenin (a) IFC’den (b) CityGML ve (¢) CityJSON formatina doniisiimii

Sekil 16. Ofis binasina ait statik projenin (a) IFC’den (b) CityGML ve (¢) CityJSON formatina doniisiimii

Inceleme yapilan son bina ise iki katli apartmandir. iki katli apartmana ait projenin IFC’den CityJSON’a
doniistiirilmesinde semantik aktarimda problem yasanmamigtir. Ancak, geometrik doniislimde bitisik
duvarlarda ve catiya ait bir duvarda bina disina uzanan duvarlar olusmustur. IFC’den CityGML’e
dontisiimlerde geometrik ve semantik aktarimda problem yaganmamistir (Sekil 17).

“
'

Sekil 17. iki kath apartmana ait projenin (a) IFC’den (b) CityGML ve (c) CityJSON formatina déniisiimii

(©)
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Farkl1 binalarin IFC’den CityGML’e doniisiimler incelendiginde geometrik doniisiimlerde zikzak bigiminde
olan geometriler hari¢ sorun yaganmamistir. Semantik aktarimda ise karmasik hiyerarsik yapilar nedeniyle
genellikle ¢at1 aktariminda problemler meydana gelmistir. IFC’den CityJSON’a doniisiimler incelendiginde
ise zikzakli, liggen ya da birbirine bitisik geometrilerin gesitli sorunlara neden oldugu goézlemlenmistir.
Semantik aktarimda ise tiim nesneler “Building” sinifinda yer alirken, semantik yiizeylerin 6znitelik olarak
bulunmasi semantik aktarimi kolaylagtirmistir. Ancak, semantik yilizey sayisinin az olmasi nesnelerin
bulunduklar1 simiflarin anlagilabilirligini azaltmistir. Ayrica, CityGML’e gore yeni bir format olan
CityJSON’mn okunabildigi programlarda bile hata vermesi gibi baz1 zorluklarla karsilasilmistir. CityJSON
formati, heniiz genis kullanici kitlesine sahip olmadigindan, mevcut cografi veri isleme araglariyla tam
uyumluluk saglayamayabilir, dogrudan desteklenmeyebilir veya sinirli destek sunabilir. Bu nedenle, gelecekte
CityJSON’1n genis kitlelere ulagsmasiyla birlikte uyumluluk sorunlarinin azalacagi diistiniilmektedir.

4. Sonuclar

Bu makalede, YBM ve CBS entegrasyonu, baslica agik formatlar kullanilarak geometrik doniisiim ve
semantik aktarim adimlariyla uygulamali olarak ele alinmustir. Bu baglamda, bir medikal klinik, bir ofis binasi
ve iki katli bir apartmann statik ve mimari projelerine iliskin YBM’ler, FME Workbench yazilimi ile IFC
formatindan, semantik 3B kent modeli veri degisim formatlar1 olan CityGML ve CityJSON’a LoD3 ayrinti
diizeyinde doniistiiriilmistiir. Bu doniisiimler incelendiginde, CityGML ve CityJSON veri formatlariyla basit
ve ayrik geometrilerin dontisiimiinde oldukga iyi sonuglar elde edilmistir. Ancak, CityGML veri formati
karmagsik ve bitisik geometrilere sahip binalarda CityJSON’a gore daha iyi sonuglar vermistir. Semantik
aktarimda ise, IFC’den CityGML’e farkli siniflarin olusturulmasi, CityJSON’daki semantik ylizeylerin
Oznitelik olarak aktarilmasindan daha karmasiktir ve uygulanmasini zorlagtirmaktadir. CityJSON, su asamada
geometrik ve semantik agidan karmasikligi az olan uygulamalar i¢in uygun bir ¢dziim yolu sunmaktadir.
CityJSON’in okunabildigi programlarin artmasi ile cografi referanslama ve analizlerin kolaylasmasi
beklenmektedir. Ayrica, CityGML’e kiyasla tiiretildigi veri formati (XML’e karsin JSON) dikkate alindiginda
web ortaminda daha avantajli olmasi da gelecekteki ¢alismalar i¢in tercih edilirligini arttirabilir. EK olarak,
CitySON’da semantik aktarim i¢in yeni semantik ylizeyler tamimlanarak esleme isleminin
kolaylastirilabilecegi diisiiniilmektedir.
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