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Yayin hayatina baglarken,

Trakya’nmin kalbinde 1992 yilinda kurulan Tekirdag Namik Kemal Universitesi Corlu Miihendislik
Fakiiltesi’nin “European Journal of Engineering and Applied Sciences (EJEAS)” isimli dergisi yayin hayatina
basliyor. Temel ve uygulamali miihendislik konularinda evrensel diizeyde bilgi iiretmek, tirettigi bilgiyle
teknolojik gelismelere yon verebilmek ve bu bilgileri toplumsal faydaya doniistirmek misyonuna sahip
fakiiltemizin bu ilk sayisi ile yayin hayatina kazandirdig1 dergimiz yilda iki kez yayinlanacaktir.

European Journal of Engineering and Applied Science (EJEAS) disiplinler aras1 alanlarda orjinal aragtirma
makalelerini, vaka c¢aligmalarim1 ve teknik raporlari, derleme ve analiz raporlarini yayinlamay1
amaglamaktadir. Yayin ticreti bulunmayan ve bilimsel hakemli arastirma dergisinde Fen ve Miihendislik
Bilimlerinde deneysel, teorik veya hesaplamali Tiirk¢e ve Ingilizce hazirlanmis giincel ve 6zgiin bilimsel
caligmalara yer verilecektir. EJEAS konusu asagidaki disiplinlerdeki ¢aligmalar1 kapsayacaktir, ancak konu
kapsami1 bunlarla siirli tutulmayacaktir:

*» Otomasyon ve mekatronik miihendisligi

* Biyomedikal mithendisligi

* Bilgisayar bilimi ve yazilim miihendisligi

» Ingaat miihendisligi ve mimarlik

* Elektrik, elektronik ve telekomiinikasyon miihendisligi
* Cevre mithendisligi

* Endiistriyel ve imalat mithendisligi

» Makine miihendisligi

» Malzeme bilgisi

* Tekstil mithendisligi

Dergiye gelen tiim caligmalar ¢ift-kor hakem degerlendirme siirecinden gegerek uygun bulunanalar
yayinlanma siirecine alinacaktir.

Bu ilk sayisiyla yayin hayatina baglayan dergimizin size ulagsmasinda emegi gecen herkese tesekkiir eder,
dergimize yayin hayatinda basarilar dilerim.

Prof. Dr. Lokman Hakan TECER
Tekirdag Namik Kemal Universitesi, Corlu Miihendislik Fakiiltesi Dekan1
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Degerli Bilim Insanlari,

“European Journal of Engineering and Applied Sciences (EJEAS)” isimli dergimiz, 2018 yilinda yayin
hayatina baglamig olup, bilimsel hakemli dergi olarak, Fen ve Miihendislik disiplinlerinde “Tiirk¢e ve
Ingilizce” hazirlanmis giincel arastirma ve derleme galismalarina yer vermekte ve yilda iki say1 olarak
yayinlanmaktadir.

Dergimizin ilk yilinda, Tekirdag Namik Kemal Universitesi Corlu Miihendislik Fakiiltesi’nin farkli
disiplinlerinde gorev yapmakta olan ¢ok degerli akademisyenleri, goniillii olarak dergimizin tiim siireglerine
destek vermistir. Bu durum bizleri daha giiglii kilmis ve calismalarimizda sinerji yaratarak, azim ve
kararliligimiza onemli katki saglamistir. Dergimizin ilerleyen sayilarinda daha giiclii bir yap1 ile daha iyi
noktalara ulagmasini, alana ve literatiire daha fazla katk: saglayarak tiim diinyadaki bilim insanlar tarafindan
yayin gonderilen bir dergi konumuna gelmesini iimit ediyorum.

Dergimizin bu iki sayisinda degerli ¢aligmalarini bizimle paylasip dergimizde yayinlanmasina katki saglayan
tiim yazarlarimiza, yayimlarin degerlendirilmesi ve siire¢ icerisinde her tiirlii bilgi ve tecriibesi ile bizleri
yanliz birakmayan g¢ok degerli hakemlerimize, makalelerin dergimizde yayinlanma siirecinin basindan
sonuna kadar Ozveriyle calisan alan editorlerimize ve editorler kurulumuza, bu siiregte desteklerini
esirgemeyen Tekirdag Namik Kemal Universitesi Corlu Miihendislik Fakiiltesi’nin dekani saymn Prof. Dr.
Lokman Hakan Tecer’e sonsuz tesekkiirlerimi sunarim.

Prof. Dr. Aysun SAGBAS
EJEAS Bas Editorii
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Dear Colleagues,

Our “European Journal of Engineering and Applied Sciences (EJEAS)” journal has begun in 2018 as a
scientific refereed journal. EJEAS includes up to date Turkish and English languages based research in
Science and Engineering and publishes two issues in a year.

In the first year of EJEAS, very valuable academicians of Tekirdag Namik Kemal University have contributed
and supported all the processes voluntarily. This made us stronger and with the synergy, it boosted our
willingness. | hope that it will achieve better success soon, contribute more to the community, and become a
globally recognized journal which publishes journals to entire science community in the world.

For these two issues, | would like to thank our authors who share their studies with us to contribute the journal,
our reviewers for assessing the articles with their knowledge and experience, our editors and editorial board
for their willingness from the beginning to the end, lastly, dear Dean of Engineering at Tekirdag Namik
Kemal University, Prof. Dr. Lokman Hakan Tecer for his ultimate support.

Prof. Dr. Aysun SAGBAS
Editor in-Chief pf EJEAS
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Arastirma Makalesi

Altyap: Yapim Islerinde Kazisiz Teknolojilerin Avantajlar

Taner Mustafa CENGIiZ"* ), Haluk HALISDEMIR2 " *

! ngaat Miihendisligi, Corlu Miihendislik Fakiiltesi, Namik Kemal Universitesi, Tekirdag, Tiirkiye, 59030
2 insaat Miihendisligi, Fen Bilimleri Enstitiisii, Namik Kemal Universitesi, Tekirdag/Siilleymanpasa, 59860
tcengiz@nku.edu.tr, Phalukhalisdemir@gmail.com

Oz Altyap: sistemleri, kentsel sistemin temel dgelerindendir. Elektrik, su, dogalgaz ve internet gibi temel ihtiyaglarin kesintisiz
saglanabilmesi, kullanim sonucu agiga ¢ikan atik sularin giivenli bir sekilde uzaklastirilabilmesi igin altyap: sistemlerinin gelisen kent
hayatina cevap verebilecek nitelikte ve siirdiiriilebilir olmasi gerekmektedir. Kirsal alanlardan kentlere dogru olan gécler sonucu artan
kent niifusu, altyap1 sistemlerinin 6nemini arttirmaktadir. Yeni hatlarinin yapimi, var olan hatlarin bakim ve onarimi 6zellikle yogun
niifuslu kentlerde 6nem kazanan bir konu haline gelmektedir. S6z konusu islemler agik kazi yontemiyle yapilabilecegi gibi, sosyal ve
ekonomik maliyetlerin yiiksek olmasindan dolay1 kazisiz yéntemler son yillarda tercih edilmektedir. Ozellikle hizla gelisen teknolojiler
ile birlikte kazisiz yontemler, geleneksel agik kazi yontemlerine gore teknik, ekonomik ve sosyal agilardan daha uygulanabilir
olmaktadir.

Anahtar kelimeler: Acik Kazi, Altyapr Hizmetleri, Atiksu, Kazisiz Teknoloji Yontemleri.

Advantages Of Trenchless Technologies In Infrastructure Construction

Abstract: Infrastructure systems are one of the basic elements of the urban system. In order to provide uninterrupted basic needs such
as electricity, water, natural gas and internet, and to safely remove wastewater from use, infrastructure systems must be sustainable and
capable of responding to the developing city life. Increasing urban population as a result of migration from rural areas to cities increases
the importance of infrastructure systems. The construction of new lines, the maintenance and repair of existing lines are becoming an
important issue especially in densely populated cities. Although these operations can be done with the open excavation method,
trenchless methods have been preferred in recent years due to the high social and economic costs. Especially with the rapidly developing
technologies, trenchless methods are more applicable technically, economically and socially than traditional open excavation methods.

Keywords: Open Excavation, Infrastructure Services, Wastewater, Trenchless Technology Methods..

1. Giris Ozellikle temel ihtiyaglardan olan elektrik, su, dogalgaz,
telefon ve fiber gibi altyapi tesislerine olan ihtiyag artmaktadir.

Tiirkiye Istatistik Kurumu’nun 04.02.2021 tarihli yayimma Ayrica plansiz kentlesme sonucu meveut altyapt tesisleri

gore Tirkiye’de 2019 yilinda %92,8 olan il ve ilge

) ihtiyaci karsilayamaz duruma gelmektedir. Boyle durumlarda
merkezlerinde yasayanlarin oran1 2020 yilinda %93 olmustur.

.. : . ) 4 mevcut altyapt tesislerinin rehabilitasyonu yapilarak kesit
Ulkemizde hizli niifus artis1 ile birlikte kirsal alanlarin bilyiitiilmekte, bazen de mevcut hatlar iptal edilerek yeni
hatlarin dosenmesi gerekmektedir. Sehirlerde artan niifusa
bagli olarak yetersiz kalan altyap1 hizmetleri sonucu insanlarin

yasam kalitesinde diisiisler yasanmaktadir. Ozellikle gelir ve

iticiligine kars1 kentlerin ¢ekiciligi sonucu artan kentsel niifus
ile sehir smirlar1 genislemekte, bunun sonucunda plansiz ve
uygun altyapidan yoksun yerlesim alanlar1 olugmaktadir.

*Sorumlu yazar
E-mail adresi: halukhalisdemir@gmail.com (H. Halisdemir)
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refah seviyesindeki iyilesme sonucu schirlerde yasayan
insanlarim yasam kalitesine iliskin beklentileri artmistir.
Kentsel yasam Kkalitesi; toplumsal, ekonomik ve mekansal
ozellikler agisindan kent olarak tanimlanan yerlerde; kentsel
altyap, iletisim, ulasim, konut gibi temel hizmetlerin sunulma
diizeyinin, asgari standartlarin {istinde olmasi olarak
tanimlanmaktadir [1].

Altyap1 hizmetlerinin ingas1 ve rehabilitasyonunda iki farkli
yontem kullanilmaktadir. Bunlar; klasik a¢ik kazi ve kazisiz
teknoloji yontemidir. Klasik agik kazili yontemler; altyapi
hizmet saglayicis1 tarafindan zeminden baslanarak proje
derinligine kadar kazi yapilmasi, uygun derinlikte imalat
yapildiktan sonra dolgu yapilarak iist kaplamanin yapilmasi
islemidir. Klasik a¢ik kazili yontemlerde imalat esnasinda kazi
ve dolgu islemleri nedeniyle biiyiik miktarda hafriyat meydana
gelmekte, mevcut altyapt — Tistyap: tesislerine zarar
verilmekte, yaya ve ara¢ giivenligi tehlikeye atilmakta ve
yogun arag trafigi meydana gelmektedir. Tiim bu durumlar
klasik agik kazili imalatlar1 uygulanabilir bir yontem olmaktan
¢ikardigindan alternatif yontemler aranmistir.  Gelisen
teknoloji ve ar-ge caligmalart neticesinde kazisiz teknolojik
yontemler gelistirilmis olup zamanla her tiirlii ihtiyaca cevap
verebilecek sekilde uyarlanmugtir. Ozellikle derin  kazi
gerektiren, trafik yogunlugunun fazla oldugu bolgelerde
kazisiz teknolojik yontemler ¢ok avantajli hale gelmektedir.
Omegin Ankara — Istanbul Otoyolu altindan gegirilmesi
planlanan bir altyap: tesisinin klasik a¢ — kapat yontemle
yapilarak yolun gilinlerce kapatilmasi diisliniilemez. Eski,
yipranmig veya tarihi bir yapmnin yakininda derin bir kazi
yapilmast durumunda binanin zarar gérme ihtimali yiiksektir.

Klasik agik kazili yontemler ile insa edilemeyecek durumlar
da bulunmaktadir. Ozellikle derin kaz1 gerektiren projelerde
kazisiz teknolojik yontemler tercih edilmek zorundadir. Yerin
ortalama 20 metre derinliginde yapilmasi planlanan bir atik su
tiinelinin klasik acik kazili yontemler ile insa edilmesi
neredeyse imkansizdir. Kazisiz teknolojiler o kadar 6nemli ki
sehirdeki trafik problemi, kazidan kaynaklanan bir takim
giiriiltli problemleri gibi bir¢ok problemi ortadan kaldiran,
sessiz, sedasiz, sehrin normal yagayisini etkilemeden problemi
¢dzen bir sistemdir [2].

2. Kazih Yontemlerin incelenmesi

Geleneksel olarak nitelendirilebilen klasik agik kazili
yontemler 6zellikle mevcut altyap tesislerinde hasar olusmasi
ve tamirat yapilarak sorunun ¢oziilebilecegi durumlarda
uygulanmaktadir. Bu ydntem; zeminden baslanarak proje
kotuna kadar kazi yapilmasi, zeminin tagima giiciine gore
gerekli iyilestirme yapildiktan sonra proje kotunda imalat
yapilmast ve teknik sartnamesine uygun evsafta dolgu
malzemesi ile dolgusunun yapilmasi islemlerinden
olugsmaktadir. Klasik ag¢ik kazili imalatlarda ¢alisma yapilacak
alanda gerekli giivenlik dnlemleri alinir. Yaya ve arag trafigi
icin yonlendirme levhalar1 yerlestirilir. Gerekmesi halinde
servis yollar1 yapilir. Calisma yapilacak alan giizergahi
kullanan yaya ve araglardan izole hale getirilerek ¢alismalara
baglanir. Mevcut zemin kaplamasi kaldirildiktan sonra kaziya
baslanir. Kazi derinligine ve zeminin kendini tutma niteligine
gore iksali veya sevli kazi yapilir. Kazidan ¢ikan insaat arti1
malzeme kamyonlar vasitasiyla kesin depoya nakledilir.

Cengiz and Halisdemir / European J. Eng. App. Sci. 5(2), 49-54, 2022

Zeminin tagima giicline gore boru altinda gerekli iyilestirme
yapilir. Gevsek kum zeminlerde tagima giiclinii artirmak ve
stvilagma potansiyelini azaltmak i¢in, yumusak kil zeminlerde
ise genelde tasima giliclini artirmak, konsolidasyon
oturmalarim1 azaltmak veya smirlandirmak icin zemin
iyilestirmesine gidilmektedir [3].

Kaz1 yapilan zeminin kendini tutma niteliginin diisiik olmas1
durumunda gégmeler meydana gelebilmektedir. Hendek kazisi
yan ylizeylerindeki zeminin kayarak hendek cukuruna
dolmasini onlemek, calisanlarin can ve mal giivenligini
korumak amacrtyla agik kazilar iksali veya sevli yapilmaktadir.

Cevre ve Sehircilik Bakanligi’nin 2018/10 sayilt Genelgesine
gore 1,75 m’den daha derin bir kazi yapilmasi gerektigi
takdirde, kazinin uygun sev agilar1 verilmek suretiyle sevli
olarak yapilmasi veya kaziya baslanmadan 6nce kazi ¢ukuru
cevresinde bir iksa sistemi (dayanma yapisi) insa edilerek
yatay toprak basinglarmm karsilanmasi suretiyle 6nlem
alinmasi zorunludur [4].

3. Kazisiz Yontemlerin incelenmesi

Sehir niifusunun arttig1 ve yeni yerlesim yerlerinin agildigi
bolgelerde altyapr sistemlerinin rehabilitasyonu ve imalat
biiyiikk 6nem arz etmektedir. Bu ¢aligmalarin geleneksel agik
kazili yontemler ile yapilmasinin meydana getirdigi
olumsuzluklar sonucu alternatif yontemler aranmistir. Gelisen
teknoloji ve bu alanda yapilan ¢aligmalar neticesinde kazisiz
teknolojik yontemler gelistirilmistir.

Kazisiz yontemler, adindan da anlasilacagi {izere galismanin
acik kazi olmadan yerin altindan gergeklestirilmesidir. Bu
yontem ile yapilan imalatlarda zemin {izerinde herhangi bir
calisma yapilmamaktadir. Bu sayede giindelik hayat
etkilenmemekte, sosyal hayat ve dogaya etkisi en aza
indirilmektedir.

Kazisiz teknoloji, yeralt1 hatlariin désenmesi, degistirilmesi,
incelenmesi, yerlerinin tespit edilmesi ve kagaklarin
belirlenmesi eylemlerinin toprak yiizeyinden en az kazi
yapilarak gerceklestirilmesidir [S].

Klasik agik kazili yontemlerdeki olumsuzluklar karsisinda
geligtirilen ve Ozellikle gelismis {ilkelerin aktif olarak
kullandig1 kazisiz teknolojik yontemler ile gerek giiriiltii, toz,
camur ve ulagimda gecikme gibi c¢evresel faktorler en aza
inmekte, gerekse is ve is¢i kazalarii en aza indirerek ve
beklenmeyen maliyetler olugturmayarak giiniimiiz diinyasinda
her gegen giin 6nem kazanmaktadir.

4, Kazih Yontemler ile Kazisiz Yontemlerin
Kiyaslanmasi

Geleneksel acik kazili yontemler ile kazisiz teknolojik
yontemler kiyaslandiginda kazisiz yontemlerin avantajlart 6ne
¢tkmaktadir. Uzaktan kumanda edilebilme 6zelligi sayesinde
giivenligi on plana ¢ikarken insaat artig1 hafriyat malzemenin
az olmasi ve beklenmeyen maliyetler olusmamasi sayesinde
ekonomiktir. Sosyal ve ekonomik alanda pozitif etkilerinin
yani sira g¢evreye verilen hasarin az olmasi da kazisiz
teknolojik yontemlerin avantajlarindandir. Geleneksel acik
kazili yontemler ile kiyaslandiginda sosyal, cevresel ve
ekonomik olmak {izere {i¢ ana baghkta kiyaslamak
miimkiindiir.
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4.1. Sosyal Etkiler

Sosyal maliyet, ilgili faaliyet dolayisiyla kullanilan kit
kaynaklarin veya o faaliyetin toplumun diger bireylerinde yol
act1g1 refah kaybi ve maliyet artigini ifade eder [6].

Bir projenin hayata gecirilmesi esnasinda olusan fakat proje
maliyetine dahil edilmeyen sosyal maliyetler toplum
tarafindan 6denmektedir. Cogunlukla goz ardi edilen bu
maliyetler bazen proje maliyetlerinin {istiine ¢ikabilmektedir.
Calisma yapilan giizergahi kullanan ara¢ ve yayalarin zaman
kaybi  yasamasit ve yasam kalitelerindeki  diisiis,
hesaplanamayan sosyal maliyetleri olusturmaktadir.

4.1.1. Zaman Kaybi

Acik kaz1 yapilan giizergahlarda ara¢ ve yayalarin alternatif
yollara yonlendirilmesi hem arag kullanicilari hem de yayalar
i¢in zaman kayiplarina sebep olmaktadir. Ulagimda aksama
nedeniyle calisanlarin is yerlerine gecikmesi gelir kayiplarina
sebep olmaktadir. Ayrica trafik yogunlugunun siiriiciiler
iizerinde psikolojik etkisi de vardir. Tiim bunlar sosyal
maliyetler olarak toplum tarafindan 6denmektedir. Geleneksel
acik kazili yontemlerin aksine kazisiz teknolojik yontemlerde
herhangi bir kazi islemi olmadigindan yollarin daraltilmas,
kapatilmasi veya alternatif giizergahlara verilmesi s6z konusu
degildir. Bu nedenle ¢aligma yapilan cadde ve sokaklardaki
giindelik hayatin olagan akisi etkilenmemektedir.

4.1.2. Servis Saglayicilarda Meydana Gelen Aksakliklar

Acik kazi imalatlarinda proje kotuna kadar yapilan kazilar
esnasinda zemindeki farkli altyapt tesislerine zarar
verilebilmektedir. Caligmalara baslanmadan Once sondaj
kazilar1 yapilsa veya ilgili kurumlardan bilgi alinsa bile proje
kotunda olmayan veya hatali imalat yapilan altyapi tesislerine
zararlar verilebilmektedir.

4.1.3. Yasam Kalitesinde Diistis

Geleneksel agik kazili imalatlarda kapatilan yollar1 kullanan
insanlarin gidecegi yere ulasamama endisesi ve trafikte daha
fazla zaman gecirmenin olusturdugu stres hem is hayatin1 hem
de giindelik yasantisini olumsuz etkilemektedir. Park yeri
bulamama ve trafik yogunluguna bagli olarak meydana gelen
kazalar insanlarin yagam kalitesinde azalma meydana
getirmektedir.

Fransa'da yapilan aragtirmada kazili teknolojilerin topluma
verdigi toplam goreceli rahatsizlik dereceleri su sekildedir: [7]

Etken Rahatsizhik Derecesi
Ses — Gilrtilti % 98
Toz — Kirlilik % 58
Ulasimda Gecikme % 55
Eve Endiseli Girme % 50

Geleneksel agitk kazili yontemlerin sosyal alanda meydana
getirdigi olumsuzluklardan engelli insanlar  da
etkilenmektedir. Giindelik hayatlarint  kolaylikla devam
ettirebilmeleri i¢in yapilan engelli yiiriiylis yolu ve rampasi
gibi alanlar, acik kazili imalatlar esnasinda kaldirilmakta, bu
durum engelli insanlarin yasamlarini olumsuz yodnde
etkilemektedir.
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4.2. Ekonomik Etkiler

Geleneksel agik kazili yontemler sonucu fazladan arag-ekip-
ckipman kullanilmasi, ¢ok fazla insan giiciine ihtiyac
duyulmasi, yollarda meydana gelen bozulmalarin giderilmesi,
sosyal etkiler sonucu iiretkenligin diismesi ve gelir kayiplar
yasanmasl, yakit tiikketiminde ve kazalarda artis yasanmasi gibi
etkenler sonucu proje maliyetinin ¢ok daha iistiinde ekonomik
etkiler meydana gelmektedir.

4.2.1. Yol Hasar

Acik kazi ile yapilan uygulamalarda imalat tamamlandiktan
sonra yol iist kaplamasi asfalt, parke, beton, stabilize vs.
seklinde komple yapilir. Ust kaplamamn tamaminin
yenilenmesi ekonomik agidan ¢ok biiyilk maliyetler
olusturdugundan bazen yama seklinde de iist kaplama
yapilmaktadir.

4.2.2. Servis Yollar

Geleneksel agik kazili yontemlerde calisma yapilan yollarin
kapanmasi nedeniyle trafik servis yollar1 {izerinden
saglanmaktadir. Bunun i¢in yeni yollar yapilmasi
gerekmektedir. Calisma siiresince kullanilan ve sonradan
islevini yitiren bu yollara harcanan maliyetlerin yaninda
mevcut yolun kapatilarak servis yollarina yonlendirilebilmesi
i¢in levha ve bariyer gibi isaretlere, isaret¢i ve bayrakeilara da
ihtiyag  duyulmaktadir. Tiim bunlar ek maliyetleri
olusturmaktadir.

4.2.3. Fazladan Ekip — Ekipman ve Yakit Kullanimi

Kazisiz teknolojik yontemlerle kiyaslandiginda acik kazili
imalatlar i¢in ¢ok daha fazla arag, ekip — ekipmana ihtiyac
duyulmaktadir. Is giiciine olan ihtiyag¢ daha fazladi. Bu
nedenle daha fazla personel ve is makinesi kullanilmaktadir.
Bu durum projenin maliyetini arttirmaktadir. Caligma yapilan
gilizergahin trafige kapatilarak alternatif yollara verilmesi
durumunda yol uzunlugunun artmast ve trafigin yogunlugunun
artmasina bagl olarak yakit tiiketimi de artmaktadur.

4.2.4. Trafik Kazalarinda Artig

Geleneksel agik kazili imalatlar esnasinda yollarin daraltiimasi
veya kapatilmasi durumunda trafik yogunlugu olugmaktadir.
Bu yogunluga bagli olarak trafik kazalarinda artis meydana
gelmektedir. Ozellikle cevre yolu — otoban gibi hiz limitlerinin
yiiksek oldugu ana arterlerdeki yol ¢aligmalarinda dikkatsizlik
sonucu trafik kazalar1 biiylik oranda artmakta, can ve mal
kayiplar1 yasanmaktadir. Trafigin yonlendirildigi tali yollarin
genellikle stabilize, dar, keskin virajli ve eksik aydinlatilmas,
ayrica siirliclilerin yolu bilmemesi nedeniyle trafik kazalarinda
artis yasanmaktadir. Kazisiz teknolojik yontemlerde ise
trafigin olagan akigina herhangi bir miidahale s6z konusu
degildir.

4.2.5. Gelir Kaybt

Kazi yapilan giizergahlarin ara¢ — yaya trafigine kapatilmasi
nedeniyle bolgedeki esnaflar biiyiik gelir kayiplan
yagsamaktadir. Caligmalarin tamamlanip yollarm yeniden
ulagima acilmasma dek gegen siirede ekonomik faaliyetler
biiyiik 6lgiide azalmaktadir. Trafik yogunluguna bagli olarak
park yeri bulamamasi da esnaf i¢in olumsuz bir durumdur.
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Trafik yogunlugu nedeniyle is yerinde gegirmesi gereken
zaman trafikte gegiren bir ¢alisan biiyiik 6lgekte gelir kaybi
olarak diisiiniilebilir. Ayrica trafikte gecirdigi siire icerisinde
ise ge¢ gitme ve ise ulasgamama kaygis1 da kisinin bir giinliik
¢aligma verimini etkilemektedir.

4.2.6. Servis Saglayicilara Verilen Zararlar

Geleneksel agik kazili imalatlar esnasinda kazi yapilacak
derinlige kadar yiizeyden baslanarak kazi yapilmaktadir. Bu
esnada farki  kurumlara ait altyapr tesisleri ile
karsilagilmaktadir. Kazi  ¢alismasi  esnasinda  servis
saglayicilarin  hatlarina verilen zararlar biiyiik ekonomik
maliyetler dogurabilmektedir. Ornegin igme suyu hattina
verilecek bir hasarda, hattin basingli olmasi nedeniyle ¢evreye
biiyiik zararlar verebilmektedir. Hasar verilen noktanin tamir
edilebilmesi i¢in hattin tamamen bosaltilmas1 gerekmektedir.
Elektrik hatlarina verilen olasi zararlarda 6liimlii kazalarin
olusmas1 muhtemeldir. Bu esnada yiiksek veya diisiik voltaj
verilmesi  nedeniyle abonelerin  elektrikli  aletlerinde
bozulmalar olusabilmektedir. Biiyiik Olcekte iiretim yapan
fabrikalar1 besleyen elektrik hatlarina verilen zararlarda
fabrikalarin durmasi nedeniyle ¢ok biiylik gelir kayiplari
ortaya ¢ikabilmektedir.

Geleneksel acik kazili imalat ile yapilan 200 m acgik kazili
imalatin dogrudan maliyeti 476.635 b iken aym imalatin
kazisiz teknolojik yoOntemler ile yapilmasi durumunda
dogrudan maliyet 318.600 b olmaktadir. Sadece dogrudan
maliyetler agisindan kiyaslandiginda kazisiz teknolojik
yontemlerin ¢ok daha avantajli oldugu goriilmektedir. [8]

4.3. Cevresel Etkiler

Geleneksel agik kazili imalatlarin ingalar {izerindeki sosyal ve
ekonomik etkilerinin yani sira g¢evre iizerinde de olumsuz
etkileri bulunmaktadir. Caligmalar nedeniyle goriintii ve hava
kirliligi meydana gelitken c¢evredeki binalara ve agac
koklerine de =zarar gelebilmektedir. Kazisiz teknolojik
yontemlerle kiyaslandiginda ¢ok daha fazla ara¢ — ekipman
kullanilmak zorunda kalindigindan atmosfere salinan
karbonmonoksit gaz1 miktarinda da  biiyiik  artig
gozlenmektedir. Kazisiz teknolojik yontemlerde ise caligma
yapilan giizergahta herhangi bir kazi olmadigindan g¢evreye
verilen zarar ¢ok daha diigiiktiir.

4.3.1. Gériintii ve Hava Kirliligi

Agcik kazili imalatlar esnasinda kazisiz teknolojik yontemlere
kiyasla ¢ok daha fazla ve agir is makineleri kullanilmaktadir.
Bu is makinalar1 ¢alismalar1 swrasinda fazlaca giiriiltii
¢ikartmaktadir. Calismalar esnasinda yollarin daraltilmasi
veya kapatilmasi nedeniyle olusan trafik yogunlugu nedeniyle
de bolgede biiyikk Olgekte bir giriltii kirliligi meydana
gelmektedir.

Kazisiz teknolojik yontemlerle kiyaslandiginda acik kazili
imalatlar biiyiik bir goriinti kirliligi de olusturmaktadir.
Ozellikle tarihi turistik bolgelerde yapilan ¢alismalarda is

makineleri ve hafriyat kamyonlarindan meydana gelen
gOriintii, turizm agisindan kotii bir imaj ¢izmektedir.

4.3.2. Toz ve Camur

Kazili yontemler esnasinda yogun miktarda toz aciga
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¢ikmakta, bu durum mubhitteki tiim canlilart olumsuz
etkilemektedir. Kazisiz teknolojilere oranla ¢ok daha fazla
ingaat artif1 hafriyat malzeme agiga ¢itkmast ve bu
malzemelerin kamyonlarla dokiim sahalarina nakledilmesi,
ocaklardan yeni stabilize malzemelerin getirilmesi esnasinda
yollarda toz ve camur olusumuna neden olmaktadir. Ozellikle
yagish havalarda toprak c¢amur halini alarak bolgedeki
vatandaslar1 olumsuz etkilemektedir.

4.3.3. Hafriyat Nakilleri

Adindan da anlasilacag iizere agik kazili imalatlar ile kazisiz
teknolojik yontemlerin en bilyiik farki, caligma esnasinda
aciga cikan kazi artigt malzemelerdir. Kazisiz teknolojik
yontemler kullanilarak yapilan imalatlar esnasinda sadece
boru hacmi kadar bir topragin yer degistirmesi s6z konusudur.
Borunun ilerleyebilecegi kadarlik bir alan agilir ve agilan
bosluga boru yerlestirilir. Bu durumda sadece boru dis gap1
kadar bir hafriyat agiga ¢ikar ve bunun kesin depoya
nakledilmesi gerekir. Genellikle ek olarak ocaktan saglam
stabilize malzemeye ihtiya¢ duyulmamaktadir.

Insaat sektdriiniin biiyiimesiyle hafriyat kamyonlarinin sayisi
da artmaktadir. Bu durum can kayiplarin1 da beraberinde
getirmektedir. 2017'de agirlikli olarak hafriyat kamyonlar ile
beton mikserlerinin karigtigi 42 kazada 13 kisi hayatini
kaybetti, 66 kisi yaralandi. 2018'in ilk 4 ayinda ise 11 ayri
kazada 4 kisi can verdi, 13 kisi de yaralandi. [9]

Kazisiz teknolojik yontemlerde ise kazi artigi ve stabilize
malzeme ihtiyaci ¢ok az oldugundan hafriyat nakilleri
minimumdur. Bu yoniiyle ekonomik, sosyal ve ¢evresel agidan
geleneksel agik kazili yontemlere oranla ¢ok daha avantajl
durumdadir.

4.3.4. Agaglara ve Ekosisteme Verilen Zararlar

Acik kazili imalatlar esnasinda yiizeyden baslanarak imalat
yapilacak proje kotuna kadar yapilacak kazi esnasinda yer
altinda yasayan canlilara biiyiik zararlar verilmektedir.
Ozellikle yesil alanlarda yapilan c¢alismalarda ekosistem
komple tahrip edilmektedir. Aga¢ koklerine zarar verilmekte
ve kesilmektedir.

Ekskavator gibi bilyiik is makinelerinin ¢aligmasi esnasinda
donerken aga¢ dallarna zarar verebilmektedir. Kazi
derinliginin fazla oldugu ve zeminin tagima giiciiniin diisiik
oldugu alanlarda yapilan ¢aligmalarda zeminin sevli agilmasi
nedeniyle bolgedeki agaglar tamamen sokiilmek zorunda
kalinmaktadir. Kazisiz teknolojik yontemler ile yapilan
imalatlarda ise caligma yapilan gilizergahtaki aga¢ ve canlilara
herhangi bir miidahale s6z konusu degildir.

4.3.5. Yeralti ve Icme Sularinda Kirlilik

Geleneksel agik kazili imalatlar esnasinda ylizeyden
baslanarak yapilan kazi esnasinda igme suyu hatlariyla
karsilasilmaktadir. Bu hatlarin  yerinin ve derinliginin
bilinmemesi, projeye uygun imalat yapilmamasi, kaziy1 yapan
operatoriin bir anlik hatas1 veya igme suyu hattinin dirsek gibi
noktalarina denk gelinmesi durumunda i¢cme suyu hattinin
patlayabilmektedir. Boyle bir durumda hatti besleyen su
vanalardan kesilerek hat susuzlastirilir. Bu esnada bu hattan
beslenen evlere su verilememesi agik kazili imalatlarin
olumsuzluklarindandir. Sonrasinda hatta meydana gelen
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tahribat giderilir ve hatta yeniden su verilir. Bu esnada igme
sular1 kirli akmakta, su ile ¢alisan makinalarda bozulmalar
meydana gelebilmektedir. Sehven atik su hatlarina zarar
verilmesi durumunda veya yeni atik su hatlarinin kazili
imalatlar ile insa edilmesi durumunda atik sular sizarak yeralti
sularini kirletebilmektedir. Bu esnada atik sular1 igme sulariyla
karisma tehlikesi de bulunmaktadir. Kazisiz teknolojik
yontemlerde ise mevcut altyapr tesislerine verilen zararlar
minimumdur.

4.3.6. Salgin Hastaliklar

Acik kazili imalatlar ile yapilan atik su hatlarmim bakim,
onarim ve imalati esnasinda atik sular ylizeyden akmaktadir.
Bu durum ko&ti koku olusturmasmin yani sira salgin
hastaliklarin  yayilmasimni da arttirmaktadir. Hava yoluyla
bulasan hastaliklar ¢evredeki tiim canlilar i¢in biiyiik bir tehdit
olusturmaktadir.

4.3.7. Cevredeki Ustyap: Tesislerine Verilen Zararlar

Geleneksel agik kazili imalatlar esnasinda yilizeyden
baglanarak kazi yapilacak kota kadar yapilan sevli kazilar
esnasinda ¢evredeki istyap:r tesisleri zarar gormektedir.
Ormnegin cevrede yer alan elektrik ve aydimnlatma direkleri,
reklam panolar1 ve billboardlar ¢aligma siiresince kaldirilmak
zorunda kalinmaktadir. Ekskavator gibi agir ve biiyiik is
makinelerinin  donmesi esnasinda bu tesislere zarar
verilebilmektedir.

Kazisiz teknolojik yontemlerde ise iistyapi tesislerine herhangi
bir zarar verilmemekte, calisma yapilan alani kullanan
vatandaslar ve esnafin giindelik hayatinda herhangi bir
degisiklik olmamaktadir. Calismanin uzaktan kumanda
edilmesi sayesinde c¢alisan giivenligi agisindan c¢ok daha
avantajlidir

5. Tiirkiye’de Kazis1z Teknolojik Yontemlerin
Kullanilma Durumu

Gelisen teknoloji ile birlikte her kosulda ve zemin tipinde
¢ozlimler iretebilen makinelerin iretilmesiyle diinyada ve
ilkemizde kazisiz teknolojik yontemlerin kullanim alanlart
artmistir. Ozellikle trafik ve niifus yogunlugunun fazla oldugu
bolgelerde kamu kurumlart kazisiz teknolojik yontemleri
zorunlu kilmaktadir. Ulkemizde de kazisiz teknolojik
yontemler ve tiinelcilik alanlarinda  sempozyumlar
diizenlenmekte, alanda hizmet gosteren ulusal/uluslararasi
kamu ve 6zel sektor temsilcileri bir araya gelerek sektoriin
gelecegi ve kullanim alanlarmin yaygilastirilmast igin
caligmalar yiiriitmektedir. Devlet Su Isleri Genel Miidiirliigii
basta olmak iizere biiyiiksehirlerin su ve kanalizasyon idareleri
kazisiz teknolojik yontemleri sik¢a kullanmaktadir.

6. Sonuc ve Oneriler

Tiirkiye niifusunun hizli bir sekilde artmasina paralel olarak
artan sehir niifusu ile birlikte su, elektrik, dogalgaz, internet
gibi hatlara olan ihtiya¢ artmakta, her gecen giin kurumlar
hizmet verdikleri abone sayisinin artigina bagli olarak hizmet
hacimlerini arttirmaktadir. Bu artig bazi bolgelerde mevcut
kapasitenin biiyiitiilmesi olarak gerceklesirken bazi bolgelerde
ise yeni hatlarin insa edilmesi seklinde olmaktadir. Ozellikle
plansiz kentlesme nedeniyle dngoriilemeyen bolgesel niifus
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artig durumlarinda, servis saglayicilar siirekli hat yenilemek ve
kapasite arttirmak zorunda kalmaktadir. Bu baglamda niifus
artig1 ve sehirlesmeye bagl olarak imara agilacak yeni alanlar
onceden tespit edilmeli, tim kurumlar altyapilarin1 énceden
gotiirmeli ve sehirlesme baslamadan altyap: tesisleri hazir
edilmelidir. Niifus planlamas: yapan kurumlar ile is birligi
icerisinde en az 100 yil siireyle ihtiyact karsilayacak
kapasitede hatlar désenmeli ve ariza, bakim — onarim diginda
kapasite  arttirmak amag¢li kazi  yapilmasmna  izin
verilmemelidir. Imara acilacak yeni alanlara altyap: tesisleri
getirilirken kazi derinligi en fazla olan kurumlara &ncelik
verilmeli, en derinden baslayarak yiizeye dogru kurumlar
hatlarin1 insa etmelidir. Ayrica ilk olarak mevcut hatlar
kaldirilmadan yeni hat désenmesine izin verilmemeli, tiim
altyap1 kuruluslari is birligi i¢erisinde ¢alisilmali, Altyap: Bilgi
Sistemi kurularak tiim kurumlarin altyap: tesislerinin
giizergah, cap ve kot degerleri net bir sekilde sisteme
islenmelidir.

Mevcut hatlarin  hizmet Omriinii yitirmesi veya ihtiyaci
karsilayamayacak hale gelmesi durumunda kazisiz yontemler
tercih  edilmelidir.  Giiniimiiz ~ diinyasinda yeni yeni
uygulanmaya baglanan kazisiz yontemler gelistirilmeli ve her
zemin tipine, derinlige ve kesite kisacasi her ihtiyaca cevap
verebilecek ozellikte teknolojiler gelistirilmelidir. Bu konuda
yapilacak ¢aligmalar, kurumlar ve yerel yonetimler tarafindan
desteklenmeli, aragtirma — gelistirme ¢aligmalarina daha fazla
O6denek aktarilmalidir. Altyapt ve Kazisiz Teknolojiler
konusunda uluslararasi diizeyde fuarlar organize edilmeli,
diinyada bu konudaki gelismeler siirekli takip edilmelidir.
Bakanlik ve TUBITAK gibi kuruluslar kazisiz teknolojilerin
gelistirilmesine yonelik aragtirma — gelistirme ¢aligmalarina
tesvik olmalidir. Ayrica lilkemizde bu alanda makine {iretmeye
¢alisan kamu ve 6zel sektor kuruluslart desteklenmeli, mali
desteklerle yerli iiretim tesvik edilmeli ve sahadaki talebe
cevap verecek ozellikte makine ve techizat liretimi saglanarak
ihracat saglanmalidir.

Sonug olarak baktifimizda; imalat maliyetlerini minimize
etmesi, imalat siiresini diislirmesi, is kazalarin1 neredeyse
sifira indirmesi, ¢evre ve dogaya verilen zarart ortadan
kaldirmasi, insanlarin yasam kalitesini etkilememesi, trafik
problemi olusturmamasi ve daha bir ¢ok etken gdz Oniine
alindiginda kazisiz yontemler tercih edilmeli hatta yerel
yonetimler tarafindan belirli bolgelerde zorunlu kilinmalidir.

Yazar Katkisi

Veri iyilestirme -Yazar Haluk Halisdemir (HH); Bigimsel
analiz — Taner Mustafa Cengiz (TMC); Arastirma - TMC;
Deneysel performans - HH; Veri toplama - HH; Veri isleme -
HH; Literatiir taramasi1 - HH; Yazan - HH; Inceleme ve
diizenleme — TMC, HH.

Cikar Catismas1 Beyam

Yazarlar, bu makalenin arastirilmasi, yazarligi ve/veya
yayinlanmasi ile ilgili olarak herhangi bir ¢ikar catigmast
beyan etmemistir.

Tesekkiir

Uzmanlik tez danigmanligimi tstlenerek tez ¢alismama katki
saglayan ve destegini hig esirgemeyen degerli hocam Dr. Ogr.

53



Uyesi Taner Mustafa CENGIZ’e (Namik Kemal Universitesi
Corlu Miihendislik Fakiiltesi / insaat Miihendisligi Boliimii /
Hidrolik Anabilim Dalr) tesekkiirii bir borg bilirim.

Ayrica bu giinlere ulagmami saglayan, benden 6giitlerini hi¢
esirgemeyen sevgili aileme, desteklerinden &tiirii esim Tuba
HALISDEMIR e sonsuz tesekkiir ederim

Kaynaklar

[1] Geray, C., Kentsel Yasam Kalitesi ve Belediyeler, Tiirk
Idare Dergisi, ss. 323- 345, 1998

[2] Eroglu, V., Kazisiz Teknolojiler Tiirkiye Zirvesi (Ekim-
Kasim-Aralik 2012)

[3] Oztoprak, S., Zeminlerin Iyilestirilmesi: Yntemlere Genel
Bir Bakis, IMO Istanbul Karakdy Sb., Kasim 2016

[4] Cevre ve Sehircilik Bakanligi, 2018/10 sayili genelge,
31.08.2018

Cengiz and Halisdemir / European J. Eng. App. Sci. 5(2), 49-54, 2022

[5] Torun, Y., Altyapt Kazisiz Teknolojiler ve Tiinelcilik
Dergisi, 2012

[6] https://nedir.com/sosyal-maliyet, Son Erisim Tarihi:
24.11.2022

[7] Legaz, C., “Outlooks in France regarding How Are Taken
Into Account The Social Costs In The Works Of Installation Or
Rehabilitation Of Networks”, Mediterranean NO-DIG 2007-
XXV International Conference and Exhibition-Roma, Italia,
10/12 September 2007

[8] Halisdemir, H., Altyapt Yapim Islerinde Kazisiz
Teknolojilerin ~ Avantajlart Ve Boru itme Y&nteminin
Incelenmesi, Yiiksek Lisans Tezi, 2022

[9]-https://sozcu.com.tr/2018/gundem/kucukcekmecede-
hafriyat-kamyonu-dehseti-2415243, Son Erisim Tarihi:
24.11.2022

54


https://nedir.com/sosyal-maliyet
https://sozcu.com.tr/2018/gundem/kucukcekmecede-hafriyat-kamyonu-dehseti-2415243
https://sozcu.com.tr/2018/gundem/kucukcekmecede-hafriyat-kamyonu-dehseti-2415243

European Journal of e

EJEAS | Engineering and Applied Sciences

ISSN: 2651-3412 (Print) & 2667-8454 (Online)
Journal homepage: http://dergipark.gov.tr/EJEAS
Published by Corlu Faculty of Engineering, Tekirdag Namik Kemal University

European J. Eng. App. Sci. 5(2), 55-72, 2022

Review Article

Industrial Energy Efficiency Technologies and
Management Applications in Turkey

Giinay Yildiz Tore"®* (2, Giilay Elitas>P

1 Cevre Miihendisligi Boliimii, Corlu Miihendislik Fakiiltesi, Tekirdag Namik Kemal Universitesi, Tekirdag, Tiirkiye, 59860
2 Cevre Miihendisligi Boliimii, Fen Bilimleri Enstitiisii, Tekirdag Namik Kemal Universitesi, Tekirdag, Tiirkiye, 59030
gyildiztore@nku.edu.tr, "elitas.g@hotmail.com

Abstract. Efforts to ensure sustainability in energy, reduce foreign dependency and combat climate change require efficient use of
energy and energy resources in Turkey as well as in the rest of the world. Implementing environmentally friendly policies and methods
in energy production/consumption and creating resource alternatives, and increasing efficiency by avoiding waste has been a policy
that has been emphasized in Turkey. Energy efficient technologies in the industry is to use energy with high efficiency and savings
without sacrificing production quality. The application of benchmarking methodologies to determine the efficiency of the industrial
plant in terms of energy consumption and to compare it with similar enterprises in the same industry will provide a solid basis for the
steps to be taken according to the current situation of a particular industrial plant. Therefore, for such a comparative analysis a set of
criteria should be determined and applied. For this purpose, there are two main types of criteria that can be used by grouping them as
general and sector-specific criteria. In this study, considering both criteria, energy efficiency technologies and management practices
that can be applied for different sectors in Turkey have been compiled. Studies conducted in the literature within the scope of good
practices in energy efficiency and management for the Textile, Iron-Steel, Cement and Glass sectors were examined, and policy and
strategy proposals for the dissemination of these studies to the locomotive sectors in Turkey were discussed.

Keywords: Energy policy and strategy, Industrial energy, Energy efficiency, Energy management.

Tiirkiye'de Endiistriyel Enerji Verimliligi Teknolojileri ve Yonetim Uygulamalar:

Oz Sanayilerin enerji tasarruf potansiyelinin yiiksek olmasi ve tiikettikleri enerjinin bityiik kisminin ticari enerji olmasi nedeniyle
enerji tasarrufu ¢aligmalarinda ele alinmasi gereken dnemli bir sektdrdiir. Sanayi sektorii, Tiirkiye'de birincil enerjinin %24'{inii ve
elektrigin %47'sini kullanmaktadir.Enerjide siirdiiriilebilirligin saglanmasi, disa bagimlhiligin azaltilmas: ve iklim degisikligi ile
miicadele ¢abalari, tiim diinyada oldugu gibi Tiirkiye'de de enerji ve enerji kaynaklarinin verimli kullanilmasini gerektirmektedir. Enerji
iretimi/tiiketimi konusunda ¢evre dostu politika ve yontemlerin uygulanmasi ve kaynak alternatiflerinin olusturulmasi, israftan
kaginilarak verimliligin artirilmasi Tiirkiye'de iizerinde 6nemle durulan bir politika olmustur. Sektdrde enerji verimli teknolojiler,
tiretim kalitesinden 6diin vermeden enerjiyi yiiksek verim ve tasarrufla kullanmaktir. Endiistriyel tesisin enerji tiiketimi agisindan
verimliligini belirlemek ve ayni sektdrdeki benzer igletmelerle karsilagtirmak i¢in kiyaslama metodolojilerinin uygulanmast, belirli bir
endiistriyel tesisin mevcut durumuna gore atilacak adimlar igin saglam bir temel saglayacaktir. . Bu nedenle, boyle bir karsilagtirmali
analiz i¢in bir dizi kriter belirlenmeli ve uygulanmalidir. Bu amagla genel ve sektorel kriterler olarak gruplandirilarak kullanilabilecek
iki ana kriter tiirii bulunmaktadir.Bu ¢aligmada her iki kriter dikkate alinarak Tiirkiye'de farkli sektorler i¢in uygulanabilecek enerji
verimliligi teknolojileri ve yonetim uygulamalari derlenmistir. Tekstil, Demir-Celik, Cimento ve Cam sektorlerine yonelik enerji
verimliligi ve yoOnetimi konusunda iyi uygulamalar kapsaminda literatiirde yapilan caligmalar incelenmis ve bu g¢alismalarin
Tiirkiye'deki lokomotif sektorlere yayginlastirilmasina yonelik politika ve strateji Onerileri tartigiimistir.

Anahtar kelimeler: Enerji politikasi ve stratejisi, Endiistriyel enerji, Enerji verimliligi, Enerji yonetimi.
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1. Introduction

After the first oil crisis in 1973, the problem of energy security
emerged as a prominent issue mostly for developed countries.
However, later on, energy security has become a more global
issue due to the increase in energy consumption and supply
groups and the international agreement of the world energy
industry, political turmoil and wars, and continued volatility in

energy supply [1].

In order to achieve a sustainable growth, many countries have
made meeting their energy demands and needs at the most
appropriate scale. If countries cannot meet these needs within
their borders, they become dependent on foreign energy.
Empirical research conducted in recent years also attributes
one of the most important obstacles to industrialization and
growth to the high dependence on foreign energy. These
studies show that there is a directly proportional relationship
between growth and energy consumption, and that growth can
be realized with the precondition of energy supply, minimizing
foreign dependency [2]. The primary energy supply and the
change in primary energy consumption by sectors on the basis
of resources in the world and Turkey are shown in Fig. 1 and
Fig. 2, respectively. Within the scope of primary energy
supply, while the energy supply increased from 544.3 EJ to
612.19 EJ in the period from 2010 to 2019, it decreased to
588.1 EJ in parallel with the slowdown in economic activities
with the pandemic period in 2020 [3].

Today, although fossil fuels have a dominant share of 83.4%
on the basis of the amount supplied in 2020, it is understood
that this trend continues in energy consumption.The energy of

Table 1 IEA's World Primary Energy Consumption Forecasts [3]
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fossil fuels, which have a dominant share among the fuels
consumed, is supplied by 34% oil, 30% coal and 24% natural
gas resources [4].

Natural Gas
23, 7%

Conventional
Biofuel

Nuclear—" / V
(

5,0% Wmd\ L%
,0% rnBi
Modern Biofuel %,

OtherRenewable_/ (Solid, qul:\d, Gase) Hydrolic 0.8%
0,8% 6,4% 27%

Fig. 1. Sources of World Primary Energy Supply in the
world [3]
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Fig. 2. Distribution of Primary Energy Supply by
Sectors in Turkey in 2020 [5]

Forecasts of World Primary Energy Consumption according to
different future scenarios of IEA (International Energy
Agency) are presented in Table 1.

IN CASE OF IN CASE OF
REALIZATI CURRENT |INCASE OF THE| IMPLEMENTING | INCASEOF ZERO
CRITERION | SCENARIOS ON POLICIES: |SOMMITMENTS THE SUSTAINABLE| EMISSIONS POLICIES
ARE FULFILLED| DEVELOPMENT | ARE IMPLEMENTED
CONTINUE POLICIES
2020 | 2030 | 2050 | 2030 | 2050 | 2030 2050 2030 2050
PRIMARY _ |QUANTITY (E)) | 589,01 | 678,0 | 7439 | 6511 | 6744 | 5992 577,9 547,1 543,0
ENERGY Change from 2020
CEMAND o 205 26,3% 145% -1,9% 77%
RENEWABLE |QUANTITY (EJ) 68,5 109,0 | 1925 | 1206 [ 2484 | 1427 | 3164 1666 | 3621
ENERGY
UPPLy Change from 2020 181,0% 262,6% 361,9% 428,6%
QUANTITY
oL (Million Barrel 913 | 1030 | 1030 | 961 | 787 | 876 470 No data
Day)
PRODUCTION
Change from 2020 12,8% -13.8% -485%
NATURAL  QUANTITY 40140 |45540( 51130 | 42490 | 38520 | 40380 | 24520 No data
GAS (Billion M°)
PRODUCTION t%hzaggg from 2020 27,4% -4,0% -38,9%
COAL ?NLIJ&';'T'TY 54620 [51320| 4.0200 | 48780 | 2.672,0 | 3.786,0 | 1.189,0 No data
PRODUCTION E“SSES from 2020 26.4% 119 829
TOTAL CO2 ?C%";;\'T'TY 34.156,0 [36.267,0|33.903,0 | 33.640,0 | 20.726,0 [ 28.487,0| 81700 | 21.147 0,0
RELEASE t%hgggg from 2020 0.7% -39.2% -76,1% 100%

The industrial sector uses more energy than any other end-use
sector, currently consuming around 37% of the world's total
supplied energy.

Energy is consumed in the industrial sector by various industry
groups, including manufacturing, agriculture, mining and
construction, and for a wide variety of activities such as
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processing and assembly, space conditioning and lighting.

When the energy consumption trend is examined from the
1990s to 2019, it has been determined that the consumption of
Asian countries increased by 69%, while the consumption of
the Americas decreased to 23% and Europe was at the level of
47%. [3,]. Over the next 25 years, worldwide industrial energy
consumption is expected to increase by an average of 1.4% per
year from 51,275 ZeptoWatt (ZW) in 2006 to 71,961 ZW in
2030 [6].

In the studies carried out, great savings potentials appear in
both industry and residences for Turkey, which has an energy-
intensive economy. Energy efficiency studies are seen as new
initiatives in our country and supply security is at risk
compared to Turkey's growth rate. Increases in productivity
are vital for Turkey's competitive and sustainable production.
Approximately 43% of energy consumption in Turkey is
realized in industry and it has the largest share. For this reason,
the competent authorities have focused on energy saving
studies especially for the industry [7].

In comparison, although Turkey has low energy consumption
compared to developed countries, it also has a strong growth
potential in terms of energy demand. Energy consumption per
capita in Turkey in 2016 is 1.7 TOE, which is less than half of
the OECD average (4.1 TOE per capita) and very close to the
world average (1.9 TOE per capita). The energy consumption
required to produce $1000 added value (constant 2010 PPP)
decreased slightly from 0.086 toe to 0.074 toe between 1990
and 2016. Although this value is below the OECD average of
0.108 and the world average of 0.172, the low energy intensity
of an economy may indicate either a less energy-intensive
economic structure or/and more efficient energy use. For this
reason, examining the sectoral structure and evaluating its
effect on energy intensity changes is important in terms of
calculating the real energy efficiency of Turkey [1].

Oil and natural gas occupy the first two places in primary
energy supply in energy consumption in Turkey (Fig. 1.2),
while industry and transportation take the first two places in
energy consumption, excluding the Cycle and Energy sectors
Fig. 3.) []

PRIMARY ENERGY FINAL CONSUMPTION BY SECTOR (2020)
(INCLUDING THE CYCLE SECTOR) (TOTAL 147,2 MILLION TEP)

House Trade and Service  Agriculture and Livestock
25715 11.226 4.964

17,55% ey

7578
517%

Transport
26.979
18,42%

<8 Cycle and Energy
i / 33507
e 22,04%

36.425
24.87%

1,75 TEP/Person

Fig. 3. Distribution of Primary Energy Consumption in 2020
by Sectors [5]

Turkey, which is in a rapid interaction process with the world
economy, is in an effort to complete its infrastructure, realize
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its development goals, increase social welfare, and raise the
industrial sector to a level that can compete in the international
arena. This situation brings along a rapid increase in energy
demand. However, the efficient use of energy has become
increasingly important. The efficient use of energy ensures
that less energy is consumed in the production process in order
to obtain the same amount of product, thus reducing energy
input costs, providing competitive advantages for industrial
organizations both in the domestic and foreign markets and
using environmentally friendly energy.

Ensuring sustainability in energy, reducing foreign
dependency and efforts to combat climate change require
efficient use of energy and energy resources in Turkey as well
as in the rest of the world. The implementation of
environmentally friendly policies and methods in energy
production/consumption, the creation of resource alternatives,
and the increase of efficiency by avoiding waste have been a
policy that has been emphasized in Turkey. Energy efficient
technologies in the sector are to use energy with high
efficiency and savings without sacrificing production quality.
The application of benchmarking methodologies to determine
the efficiency of the industrial plant in terms of energy
consumption and to compare it with similar enterprises in the
same industry will provide a solid basis for the steps to be
taken according to the current state of a particular industrial
plant. Therefore, a set of criteria must be identified and applied
for such a comparative analysis. For this purpose, there are two
main types of criteria that can be used by grouping them as
general and sectoral criteria.

In line with this information, in this study, considering both
criteria, energy efficiency technologies and management
practices that can be applied for different sectors in Turkey
have been compiled. Studies in the literature within the scope
of good practices on energy efficiency and management for the
Textile, Iron-Steel, Cement and Glass sectors were examined
and policy and strategy proposals for the dissemination of
these studies to the locomotive sectors in Turkey were
discussed.

2. Energy Efficiency, Savings, Intensity and
Importance

Energy is the capacity of a system to do work. Energy can be
both a resource, a product and a waste in a system. When it is
added to or removed from any system, it causes at least one
feature of the system to change (Fig. 4).

INPUT OUTPUT
(Source) SYSTEM {Product

- Enen .
B - Industrial products
-Raw materials

Water EW ork
Money LOOSE Energy

-Servi
-Human sources (Waste] Ervice

- Energylooses (Heat and
mechanical looses)

-Wastes (Solid, Liquid and Gase)
-Raw materials

Fig. 4. Energy efficiency in an industrial system [ITU Enerji
Enstitiisti  ve Heinrich Boll  Stiftung Dernegi  Tiirkiye
Temsilciligi]
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Efficiency, on the other hand, is the capacity to achieve the
most output with the least input, and it can be realized in 3
different ways in any system;

e  More output with the same input
e  Providing the same output with less input
e Providing more output with less input

Efficiency according to energy, which is one of the most
important parameters for a system; It can be defined as the
ratio of the energy we use to produce any product to the total
energy given to the system [Eq.1].

Efficiency = [Utilized Energy / Input Energy] x 100 [Eq.1]

Therefore, Energy Efficiency covers a wide spectrum from the
use of energy resources at the highest efficiency at all stages
from production to consumption, minimization of energy
losses and evaluation of all kinds of wastes, development of
industrial processes and increasing efficiency in energy
transmission.

Efficient use of energy is aimed with energy saving and energy
efficiency. Energy saving is defined as using energy efficiently,
not wasting it, and doing the same work using less energy
without any reduction in production, living standards and
workforce. Energy efficiency, on the other hand, is the
reduction of energy consumption per unit service or product
amount without a decrease in the standard of living and service
quality in buildings, and production quality and quantity in
industrial enterprises [8]

There is a small nuance difference between energy efficiency
and energy saving, and the reduction in the amount of energy
consumed at each stage to realize a certain amount of
production and service with the measures taken by the users is
called Energy Saving. A common measure of the Energy
Efficiency of a country's economy is its Energy intensity.
Energy intensity is a worldwide indicator ($/MTEP)
representing the total amount of primary energy consumed per
gross domestic product (GDP). Generally, the amount of TEP
consumed for a revenue of $1000 is expressed in terms of
energy intensity on an international scale. In other words, the
lower the energy intensity of a country, the lower the energy
spent to produce unit output in that country.

The energy density in the production of a good is calculated as
follows;

Energy Intensity =E / V [Eq.2]
D = (1/PP]) x (Z Pix Fi)
E: Annual energy consumption (TEP) of the enterprise

V: The economic value of the annual production of goods in
thousand (1000) TL with the prices of the relevant year,

PPI: Producer Price Index of the relevant sector
Pi: Amount of goods produced during the year

Fi: Factory sales prices of goods produced during the year, in
thousand (1000) TL

It is the most important resource for social and economic
development, especially for developing countries. Obtaining
energy safely, continuously, with high quality and based on
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environmental problems will increase people's living
standards and well-being. In order for countries to achieve
their economic growth, they need to make continuous
production and ensure its continuity. Therefore, it is important
that energy, which is an important part of production, is
provided safely and cheaply [9].

Industrialization activities, efforts to reach new technologies,
rising living standards and increasing population in Turkey
cause us to consume more energy every year. Efforts to ensure
sustainability in energy, reduce foreign dependency and
combat climate change require efficient use of energy and
energy resources in our country as well as in the rest of the
world. Implementing environmentally friendly policies and
methods in energy production/consumption and resource
diversification, increasing efficiency by avoiding waste has
been a policy that is emphasized in our country. Energy
efficiency is to use energy with high efficiency and savings
without compromising our quality of life, needs and
production. Today, it is accepted all over the world that the
energy saving, which will be achieved as a result of the
efficient use of energy, is the fastest, cheapest and cleanest
energy source. The energy that can be saved by increasing
energy efficiency for Turkey, is a domestic and clean energy
source that is cheaper than others and should be applied first.
The increase in energy costs and demand for energy has made
energy saving mandatory [10].

Worldwide industrial development will result in greater
energy use and a greater concentration of greenhouse gases
such as carbon dioxide (C0O2) and other emissions such as
sulfur dioxide (S02), nitrous oxide (NOx) and carbon
monoxide (CO). All of them have negative consequences for
the world's climate, such as increased heat, drought, floods,
famine and economic turmoil. The Intergovernmental Panel on
Climate Change (IPCC) has reported that continued emissions
will lead to a temperature increase of 1.4 to 5.8 °C from 1990
to 2100.

The Department of Energy (United States) emphasized that
global carbon emissions are more than 2% risky per year and
may be more than 50% of 1997 levels by 2015, all due to
increased energy demand and inefficient use of energy [6].

Energy efficiency in the industrial sector began to be seen as
one of the basic functions in the 1970s. Since then, the world
has reduced its energy budget by using higher efficiencies
while continuing to grow economically and has realized the
importance of protecting the environment [6].

It is important to adopt and maintain a systematic approach in
energy efficiency in industrial enterprises. The proof of the
existence of a systematic approach in terms of industrial
enterprises in Turkey is that the energy policy of the enterprise
has been determined, the appointed energy manager is
carrying out activities in accordance with the existing
legislation, especially the Energy Efficiency Law No. 5627
and the Energy Efficiency Strategy Document, the existence
of the TS-EN I1SO 50001 Energy Management System, It is the
implementation of Energy Audits and studies to increase
energy efficiency. Activities to increase energy efficiency are
also carried out in organizations that do not implement energy
management within the definition of a systematic approach.
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However, these studies are generally based on investments
based on technological development or on sudden savings
decisions. The lack of necessary management planning,
documentation, maintenance, measurement and monitoring in
the works loses its effect as the savings decision falls off the
agenda. It is seen that energy efficiency does not have
continuity, and the increase in efficiency gained is lost again
after a while [11].

Energy efficiency is a concept that covers a wide area such as
protecting the environment, contributing to the world and
national economy, a solution to unemployment, and
contribution to the family budget. From another perspective,
energy efficiency, power generation, transmission and
distribution, heating, cooling, lighting, household appliances
and office equipment in the home and service sector. While
population growth and the development of technology
increase the energy demand, new investments are made to
meet this need in cases where the current production is not
enough to meet this need. On the other hand, it is possible to
close the energy gap primarily with energy efficiency
investments and energy efficiency, which can be called free
energy.Energy efficiency is defined in some sources as
megawatts, megajoules, meaning negative energy.

As a result of the studies on energy efficiency in Turkey, it has
been determined that there is an energy saving potential of
approximately 2.5 billion USD, 30% in the construction
sector, 20% in the industrial sector and 15% in the
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transportation sector. According to projections for 2020,
primary 222-MTEP has the potential to reduce energy demand
by at least 15% [4].

An important feature of energy efficiency programs is that
they propose models that take environmental priorities into
account. The environmental benefits of these programs are
clear, as the least polluting energy is the energy that has never
been produced. Reducing energy consumption for any need
(by insulating houses, increasing engine efficiency, etc.) also
automatically and proportionally reduces pollutant emissions.

3. Industrial Energy Efficient Technologies

Studies conducted in Turkey show that we have energy saving
potentials of at least 20% in industry, at least 35% in buildings
and at least 15% in transportation. When these potentials are
evaluated, their energy value is higher than the energy we can
produce from our renewable energy sources [10].

Efficiency and savings applications that can be made on a
sectoral basis in the industry are directly dependent on the
process of the relevant industrial establishment and the energy
resources used in the process. In some processes, electrical
energy comes to the fore, while in others, waste flue gases
formed at very high temperatures or very high temperatures
are encountered. For this reason, the measures to be taken to
increase energy efficiency in existing and newly established
industrial facilities are summarized in Table 2;

Table 2 Measures to be taken to increase energy efficiency in industrial facilities

PRECAUTIONS TO INCREASE ENERGY EFFICIENCY

PRECAUTIONS TO INCREASE ENERGY EFFICIENCY IN
THE PLANNED NEW FACILITIES

Combustion of fuels in high efficiency combustion plants

Choosing new machines to be purchased from high energy efficient
technologies in accordance with standardization attention to this
situation in the selection of inputs that will provide uninterrupted

energy supply

Increasing efficiency in heating, cooling, air conditioning and heat
transfer processes

To design the facility in the most efficient way in terms of thermal
insulation

To minimize heat loss by insulating all units that generate, distribute
and use heat

To supply and install all measurement and monitoring devices that will
ensure the sustainability of energy efficiency during the establishment
of the facility

Implementing waste heat recovery

To use appropriate technology for minimizing air pollutant

emissions and recycling/re use of waste emissions from

consumed energy in a way that pollutes the environment the least and
also to make the necessary arrangements

Increasing efficiency in the conversion of heat to work

Preferring the combined heat power generation first

To prevent losses in electricity consumption

To increase efficiency in the generation and conversion of work and
heat from electricity and prefer the combined heat power generation
alternative if possible

To prevent human induced inefficiency applications with automatic
control factor applications

To use appropriate technology for minimizing air pollutant
emissions and recycling/re use of waste emissions from
consumed energy in a way that pollutes the environment the least.

3.1. Boilers

Boilers are generally defined as closed vessels that release the
chemical energy in the fuel as heat energy and transmit it to
the carrier fluid and operate under pressure. Steam boilers are
defined as devices that produce steam at the desired pressure,
temperature and flow rate.

Boilers, which are produced in many different types according
to requirements, are very expensive energy generators in terms

of initial investment and operating costs. For this reason, the
boiler should be selected according to the purpose, and due
care should be taken in its operation and maintenance.

A detailed analysis should be made in the selection of the
boiler, taking into account the following factors:

e  Purpose of use of the boiler
e  The amount of steam to be produced
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e  Pressure and temperature

e  Feed water inlet temperature to the boiler
e The hardness of the water

e  Type of fuel to be used

e  Fuel's lower calorific value and analysis
e  Price of fuel

Boilers are at the forefront of processes with energy efficiency
or savings potential, which are generally applied according to
the sectors in the industry. Boilers are generally defined as
closed vessels that release the chemical energy in the fuel as
heat energy and transmit it to the carrier fluid and operate
under pressure. Steam boilers are defined as devices that
produce steam at the desired pressure, temperature and flow
rate. [13].

Industrial boilers are the main thermal power equipment in
many industrial fields such as metallurgy, chemical industry,
textile and machinery, and although the number of gas-fired
boilers has increased significantly, core-fired ones still account
for about 80% of them [14].

Boilers, which are produced in many different types according
to the needs used, are very expensive energy generators in
terms of initial investment and operating costs. For this reason,
the boiler should be selected in accordance with its intended
use, and due care should be taken in its operation and
maintenance.

In the selection of the boiler, a detailed analysis should be
made considering the principles such as the purpose of use of
the boiler, the amount of steam to be produced, its pressure and
temperature, the inlet temperature of the feed water to the
boiler, the hardness of the water, the type of fuel to be used,
the lower calorific value and analysis of the fuel, and the price
of the fuel [15].

The main factors affecting efficiency in boilers can be listed as
follows [13];

e Incomplete combustion

e  Excessair

e Heat loss in flue gas due to water vapor
e  Flue gas temperature

e  Fuel type * Burners

e  Boiler load

e  Heat losses from the boiler surface

e  Heating surface contamination

The most important point to be considered in the efficient
operation of the boilers is the flue gas temperature and, if
possible, the provision of heat recovery. The waste gases from
the chimney are generally discharged from the chimney at a
temperature between 40°C and 80°C higher than the
temperature of the steam produced. Recovering some of the
waste heat will increase boiler efficiency and save fuel. Heat
recovery can be accomplished using either an Economizer to
preheat the boiler feed water or a combustion air preheater.
Normally, it is preferred to have an economizer in the used
boilers, but the air preheater is more economical in new
boilers.

In many countries, it is preferred to install an economizer in
small boilers with a steam production capacity of 2
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tonnes/hour [13].

In order to increase efficiency in boilers, careful monitoring of
flue gas temperature is of vital importance within the scope of
managerial applications. The temperature should be measured
immediately after the heat transfer surfaces are cleaned and the
temperature rise should be monitored as the contamination
gradually increases. The flue gas temperature also changes
depending on the steam load of the boiler. For this reason, it
should be checked whether the reading temperatures
increase/increase in parallel with the steam production.

If the flue gas temperature is 30 °C above the required
temperature when the surfaces are clean, the boiler needs to be
cleaned. In this case, the extra losses for a well-tuned boiler
are around 1-2 percent. [13].

The best method to maintain the cleanliness of a fuel oil-fired
boiler is to make proper burner adjustments. Adjustment can
be made using a smoke tester. If dark black smoke comes out
of the chimney, this is an undesirable soot-forming situation.
The brightness of the air and the natural state of the sky can
affect the appearance of the smoke.

During operation of a well-maintained and well-operated
burner, the measured sootiness of the flue gas is usually 4-5 on
the Bacharach Scale.At values below 7, there is no case of
serious soot formation. If around 5 readings are read, a soot
cleaning is usually sufficient once a week. The ash, which is
usually formed in boilers using heavy fuel oil, can cause
deposits and corrosion in the hottest parts of the boiler, such as
the serpentine pipes, even in very small amounts. Although
fuel additives are used to prevent this situation, it should be
kept in mind that some additives contain high levels of ash and
as a result, high ash accumulation may occur instead of less
ash [13].

On the other hand, in coal-fired boilers, soot and ash
accumulated in the pipes should be cleaned at least once a day.
Soot blowing equipment can be very useful even in small
smoke tube boilers. Simple and stationary devices to be used
for this purpose are inexpensive and suitable for small boilers.
On the other hand, large boilers should be equipped with
automatic systems operated by the operator or operating at
fixed intervals according to the flue gas temperature. Although
steam blowing cleaning is not expensive, compressed air
system is mostly preferred. Because the water formed by the
condensation of the steam can cause the accumulations to
clump together, making further cleaning difficult. The amount
of steam used for blowing must be measured. Intermittent
blowing systems using high-pressure air are systems designed
to keep air flow to a minimum, significantly increasing boiler
efficiency.

In order to increase the efficiency of the boiler, the economizer
to be used should be purchased very carefully. Since some
deposits can easily occur between the blades in the large
surface ones (with finned tube) and this will cause serious
operational problems, this negative situation can be eliminated
by performing periodic washing with a water spray device in
cases where the system temperature is low.

3.2. Furnaces

The technical units that raise the materials placed inside or that
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are constantly charged to the process temperature by heating
them economically and keep them at this temperature for the
required period of time are called Furnaces or Oven. Furnaces,
especially annealing furnaces operating at high temperatures,
are systems that should be operated as efficiently as possible
in terms of fuel consumption and pollution caused by waste
gases given to the environment in industrial enterprises.
Furnaces are at the forefront of the units that use energy most
intensively in industrial facilities. Melting, heat treatment,
baking, drying, tempering, etc. in industrial furnaces processes
are carried out. Furnaces need to be fed with the necessary raw
materials and energy to carry out the processes for which they
are designed.

The main factors affecting the efficiency of furnaces can be
listed as follows [13];

e Incomplete combustion

e  Fuel type and air/fuel ratio

e  Flue gas temperature

e  Recuperators

e  Wall losses

e  Scale/material and cooling water losses

e  Aperture loss

e Features of the combustion unit and material filling
temperature

Excess air (O2) in the furnace also causes an increase in
scale/material loss. Therefore, the amount of excess air should
be kept as low as possible. In order to achieve this, the level of
Oz in the flue gas must be controlled, the amount of oxygen
must be brought to the lowest level possible by adjusting the
air. For this purpose, the following steps should be taken:

e Air supply to the furnace must be sufficient and at
constant pressure.

e Gas pressure entering the combustion unit must be
constant.

One of the important factors affecting the furnace efficiency is
the flue gas temperature. If the flue gas temperature is above
the accepted values, excess energy will be discharged from the
chimney to the atmosphere. This causes a decrease in furnace
efficiency. One of the factors affecting the flue gas
temperature in furnaces is the high energy discharged from the
chimney due to the insufficient heat transfer rate in the
recuperator (the heat exchanger that transfers the waste heat
from the flue gas to the combustion air). This is followed by
factors such as the fact that the combustion air in the furnace
is more or less than usual, the flame length is too high in the
furnace, and the combustion that may occur in the gas
passageways.

In purchasing or projecting a new furnace, care should be taken
to ensure that the furnace is of high quality in terms of energy
efficiency, so that there is no temperature difference between
the upper and lower surfaces of the parts entering the furnace
at the entrance and exit, at the wall and core. In addition,
suitable firing conditions must be provided in order to reduce
the oxidation of the parts during the annealing of the parts at
high temperature, which we call scaling, and the formation of
the iron oxide layer. Moreover, it should not be affected by the
size differences of the parts to be machined, and parts of
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different sizes can be heated and the speed of progression can
be changed when desired. Especially when a change is made
in the feed rate conditions, there should be no mechanical
deterioration (bending, surface deterioration, sticking to each
other, etc.) in the parts. On the other hand, it is very important
in terms of energy efficiency that the flue gases formed at high
temperatures are equipped with a system to return them to the
furnace in order to save on the heating cost of the furnace.
Furthermore, the cooling water used for the cooling of the
furnace and exposed to thermal pollution (hot water, steam,
boiling water, etc.) should also be returned to the system to be
used in the boiler or other units within the facility.

3.3. Electric Motors

Electric Motors are devices that convert electricity into
mechanical energy and result in motion.

There are two main types of motors: DC motors and AC
motors. AC motors are supplied with an alternating current
while DC motors are supplied with direct current. In DC
motors, a coil carrying a DC current rotates between two
magnets, producing motion. AC motors can use a variation of
DC motors to spin a coil in the same way. More common are
AC motors, known as induction motors, in which an
alternating current is used to deflect the magnetic field of a
stationary electromagnet called a stator.

Electric motors are frequently used in different types and
capacities in many industrial devices and equipment,
especially in pumps, fans and compressors. Considering the
energy consumption distribution ratio in electric motors in the
industry, it is stated by the practitioners that approximately
20% is in pumps, 17% is in air compressors, 11% is in cooling
compressors, 4% is in conveyors, and the remaining 48% is in
various other points. . The ratio of the mechanical power
produced by the motor, which uses electrical energy to
generate power, to the electrical energy drawn from the
network or system is defined as the motor efficiency. 90% of
the electric motors used today are asynchronous motors,
therefore it is important to use high efficiency motors by
reducing the losses of asynchronous motors in the
industry[16].

Basic lost power in asynchronous motors [17] ;

e  Friction and wind losses,

e Iron losses,

e  Stator conductor (copper) losses,

e  Rotor conductor (aluminum) losses,
e  Additional losses

There are current studies on the estimation of losses and
efficiency of these motors [18; 19]

Most of the industrial equipment used in the manufacturing
sector generates power through electric motors. It is inversely
proportional to the energy efficiency an electric motor draws
for a given power output. Like all motors, electric motors
cannot convert all the energy they use into mechanical energy.

The ratio of the mechanical power output of the motor to the
electrical power drawn is called the motor efficiency and
varies between 70% and 96% depending on the motor type and
size [20].
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In addition, the efficiency of motors operating at part load is
also low. These efficiencies also vary from engine to engine.
For example, while the efficiency of a motor is 90% at full
load, 87% at half load, and 80% at % load, another motor with
the same specifications can operate with an efficiency of 91%
at full load and 75% at Y4 load. The energy consumed by
electric motors in enterprises constitutes approximately 65
percent of the total energy consumption. The purchase cost of
a typical engine is less than 2% of the total cost of that engine.
The energy cost can be 98 percent of the total cost. For this
reason, it is important to choose “high efficiency” motors in
business. The efficiency of electric motors varies depending
on the motor type. However, various factors arising from
engine design also affect engine efficiency. The efficiency of
electric motors falls within wide limits, ranging from 30-35
percent for small universal motors to 95 percent for large
three-phase motors [13].

The efficiency of the electric motor is the ratio of the received
power to the delivered power. In other words, it is the
mechanical power divided by the effective power. It indicates
at what rate the electrical power drawn by the electric motor
comes out as mechanical power from the motor shaft. Losses
are one of the most important factors that reduce engine
efficiency.

Energy losses occur in four categories in electric motors [13];

e Power losses

e  Magnetic core losses

e  Friction and oscillation losses
e Incorrect load losses

The main factors affecting the efficiency of electric motors
[13] are:

e  Applied voltage and frequency
e  Required torque
e Applied load

Some operators rewind old engines over and over again
because they are cheap. However, the already low efficiency
of rewound old motors may decrease even more (up to 0.5%
in each repair), and the cost savings provided by the repair can
be lost in a short time with the increased energy consumption.
Standard motors that do not stand out in terms of efficiency are
in the EEF3 class, those with increased efficiency are in the
EFF2 class, and the highest efficiency motors, which are first
class in terms of efficiency, are in the EFF1 class. For example,
the efficiency of a standard 20 hp engine is around 88%.
However, the efficiency of a high efficiency motor with the
same power goes up to 91%, and this value reaches 93% in the
highest efficiency motors.

Although the cost of high efficiency motors developed in
recent years is 15-25% more expensive than standard motors,
this difference is recovered in a short time due to the low
operating costs most of the time [9]. By increasing the cross
section of the copper conductor used in the windings of these
motors, the primary I12R losses can be reduced. Iron core losses
can be limited by decreasing the flux density, usually by
increasing the neck of the stator core. In addition, these losses
can be reduced by reducing the plate thickness and using a
quality alloy.Furthermore, due to the reduced losses in high-
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efficiency motors, the need for the heat to be released is
reduced. In case of replacing a standard motor with a high
efficiency motor, the energy to be saved can be calculated with
the help of the following formula [21];

ES=TNPXWHXxLRx1/nstd—1/mhe) [Eq.3]
ES: Energy Savings

TNP: Total Nominal Power

WT: working time

LR: load rate (ratio of actual load to full load)

nstd: standard type motor efficiency

nhe: high efficiency type motor efficiency

The money savings that can be achieved with the calculated
amount of energy consumption are calculated with the below
formula;

MS = ES x Unit price of energy [Eq.4]
MS: Money saving

Comparison of standard motor and high efficiency motors is
given in Table 3 [21].

Table 3 Comparison of motor efficiencies* [21]

Nominal Motor| Nominal Motor | Standart type High efficiency
Power (hp) Power (kW) | motor Average | motor Average
Efficiency Efficiency

1 0.746 0.825 0.865
1.5 1.119 0.840 0.894
2 1.492 0.840 0.888
2.5 1.865 0.812 0.870
3 2.238 0.875 0.895
4 2.984 0.827 0.889
5 3.73 0.875 0.902
7.5 5.595 0.895 0.917
10 7.46 0.895 0.917
15 11.19 0.910 0.930
18 13.428 0.878 0.924
20 14.92 0.910 0.936
25 18.65 0.924 0.941
30 22.38 0.924 0.941
40 29,84 0.930 0.945
50 37.3 0.930 0.950
60 44.76 0.936 0.954
75 55.95 0.941 0.954
100 74.6 0.945 0.958
125 93.25 0.945 0.954
150 111.9 0.950 0.958
200 149.2 0.950 0.958
250 186.5 0.954 0.962
300 223.8 0.954 0.962

* Values are the average value of eight companies and are valid for the
engine running at full load.

The application of motor wrapping is both easy and cheap,
which is a very common situation in Turkey. However,
although it may seem like a low cost of investment over the
life of the motor (like 5-6%), the remaining 95% is reflected
as energy loss during its operation. The main thing here is to
find out why the motor burns out and to eliminate this cause
without the need for winding, or to use a high efficiency IE3
electric motor instead. [21].

On the other hand, energy losses in fan systems of motors
working with belt-pulley system are very common. Although
using direct coupled motors here provides significant benefits,
especially if there is a load change in the fans, for example, by
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using variable speed drives, a benefit of close to 50% can be
achieved in power. In addition, applications such as selecting
high-efficiency fans in fan systems, minimizing pressure drops
by keeping the filters clean, cleaning the blades regularly,
ensuring that it works only when necessary with a control
system, and providing a transition from one fan to another to
work with the appropriate fan when more than one fan is
required, can be done at this point. energy efficient
applications.

Among the efficiency applications that can be applied in pump
systems may be summurazied in the following [10];

e Selection of high-efficiency pump and operating the
pump at a point close to the power and load for which it
is designed,

e If you always have to work at part load, use a smaller
pump or make changes that will reduce the capacity of
the existing pump,

e  Considering that energy efficiency will decrease in
systems to be operated with connected pumps when more
than one pump has to be used, minimizing sharp corners
to reduce losses in pipes,

e  Choosing the new pipes to be installed from those with
low friction coefficient and making applications to reduce
the friction of the existing pipes, verifying that the pump
inlet pressure is sufficient and not above the required
value,

e  Since the efficiency of a pump that is not maintained can
decrease by 10%, regular maintenance of the pump,
establishment of an observation system that shows the
status of the pump for large capacity pumps.

e Calculation of the optimum time required for
regeneration of the pump

Efficient use of energy in pumps can be considered in two
stages, during pumping system design and during operation
(Table 4).

The system should be chosen to meet the highest capacity, but
from an economic point of view, it should be known at what
capacity the system will operate for most of the time. Once
these are known, the piping system can be designed.If the
maximum capacity is required for a very short time, a large
diameter pipe is not needed or if the system is operating at
maximum capacity for most of the time, this should be taken
into account when determining the pipe diameter.

While designing the piping system, the system curve must also
be drawn strictly. It is very important to choose the pump with
the highest efficiency and the most suitable operating range.

The lifetime costs of the pumps remain only between 3-5
percent of the initial purchase costs, making it mandatory for
the operators to choose more carefully when purchasing a
pump [10].

As a result, on the basis of all the above-mentioned issues, the
following factors should be considered during the use of
electric motors in order to save energy: (10)

e A list containing the usage of each electric motor, plate
information (rated power, speed, efficiency, etc.) and
annual working hours should be prepared in the
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enterprise.

e In order to achieve economic and energy efficiency-
enhancing results, a motor repair/replacement policy
should be prepared such as "replace it with a high
efficiency motor immediately or when it fails, send it to
the winding with the following features".

e Motors should be labeled for the most appropriate
application.

e  Motors should be selected in accordance with the load.
Larger motor should not be selected. Thus, it should be
prevented that the motors operate at low power and
therefore with low efficiency compared to the rated
powers written on their plates. The higher the load, the
higher the efficiency.

e Motor efficiency usually reaches its maximum at 75
percent load.

e The electricity consumed at low loads is increasingly
converted into heat instead of mechanical power. In this
case, the risk of failure due to overheating of the engine
increases and the life of the motor is shortened.

e  Variable speed drive systems - also known as inverter or
variable frequency drive systems. These systems prevent
the motor from drawing excessive load by changing the
frequency of the alternating current and thus the
rotational speed of the motor. Thus, it is ensured that the
same work is done using much less energy. Up to 50
percent energy savings can be achieved by adding an
inverter system to the motors. In other words, the amount
of electricity consumed by the motor for the same job can
be reduced by half. The cost of motors equipped with an
inverter is higher. However, in properly selected
applications such as pumps and compressors, variable
speed drive systems often pay for themselves in the
energy they save in two years or less. According to some
analyzes, only about 10 percent of the energy saving
potential in motor systems can be achieved through
efficiency gains. The remaining 90 percent can only be
achieved by equipping the motors with inverter systems.

e In systems where the motor power is transmitted
indirectly by flat belts or standard V-belts to the direct
connection, losses occur between 2 percent and 8 percent
due to belt slippage and friction. These losses and belt
overheating can be avoided by replacing standard belts
with serrated high-efficiency V-belts.

4.-Industrial Energy Efficient Technologies In
Turkey

In the 1970s, studies on energy efficiency in the industrial
sector began to be accepted as one of the main business
processes. While the world's industries continue their
economic growth without interrupting, they have aimed to
consume energy resources, which they consider as an
important input source, with high efficiency. In this period,
energy efficiency awareness was expanded and the importance
of protecting the environment was understood. Large
industrial facilities with high energy consumption have
considered reducing their energy consumption as an important
problem. In the industrial sectors, investments with short
payback periods such as heat recovery and reduction of losses
gained importance. In industrial enterprises, energy efficiency
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can be improved with three different basic approaches:

e  Energy saving through management systems [3].

e Energy saving through technological work and
investment [3].

e Energy saving through energy policies and legal
regulations [6].

Energy Management in Industries is the rational and effective
use of energy in order to achieve maximum profit in order to
reduce energy costs under competitive conditions. Energy
management is the strategy of meeting the required energy
demand at the desired time and place. To achieve this, it is
necessary to reduce the energy requirement per unit output in
energy consuming processes and procedures or to provide the
same unit output with less energy cost [22]. As a result of the
profile that emerged in the energy audit studies carried out in
different sectors; It is seen that it is possible to save energy
between 5-40% in 95% of industrial facilities and industrial
enterprises. What is even more striking is that it is possible to
save at least 10% of energy in industrial facilities and
industrial enterprises by implementing measures with little or
no investment. This ratio reveals the importance to be given to
energy consumption and energy saving. Summary of some
energy efficiency applications conducted for this purpose are
given in Table 5 [23].

Table 4 Efficient use of energy in pumps [10]

IN PUMPIN SYSTEM DESIGN IN PUMP AND PUMPING SYSTEM
OPERATION
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Tablo 5 Some energy efficiency applications in the industry

Combustion of fuels in high efficiency combustion | Choosing new machines to be purchased from high
plants energy efficient technologies in accordance with
standardization and quality security system
requirements and also paying attention to this
situation in the selection of inputs that will provide
uninterrupted energy supply.

Increasing  efficiency in heating, cooling, air | To design the facility in the most efficient way in
conditioning and heat transfer processes terms of thermal insulation

To minimize heat loss by insulating all units that | To supply and install all measurement and
generate, distribute and use heat monitoring devices that will ensure the sustainability
of energy efficiency during the establishment of the
facility

Implementing waste heat recovery To use appropriate technology for minimizing air
pollutant emissions and recycling/re-use of waste
emissions from consumed energy in a way that
pollutes the environment the least.and also to make

the necessary arrangements.

Increasing efficiency in the conversion of heat towork | Preferring the combined heat-power generation first

To prevent losses in electricity consumption

To increase efficiency in the generation and
conversion of work and heat from electricity, and to
prefer the combined heat-power generation alternative
if possible.

To prevent human-induced inefficiency applications
with automatic control factor applications

To use appropriate technology for minimizing air
pollutant emissions and recycling/re-use of waste
emissions from consumed energy in a way that
pollutes the environment the least.

Sub-sectors such as cement, glass and iron and steel, which we
can call energy-intensive industrial sectors, have a significant
share in the Turkish industry. Energy costs have a serious place
among the production costs of these sectors.

In these sectors, energy costs constitute approximately 20% to
50% of total costs [11].

Sector Energy saving | Energy Application Application results
Point efficiency
method
Chemical | 2 steam boilers | Heating the feed | Common flue gas economizer | Energy Saved: 240.909 Kcal/h
[23] with the same | water supplied to | application for two boilers Saved Energy Rate: 4%
thermal the boiler by Feed Water Output Temperature: 10.
capacity, one | making use of Cost of Saved Energy: 123.480 TL/\
of which is a | the sensible heat (For 7.200 hiyear operation)
spare and the | of the waste Payback period: 7 months
other is active. | gases discharged
from the existing
steam boiler
chimneys
Textile 2 steam boilers | Energy Saving | The automatic surface blowdown | Energy Saved: 82.992 Kcal/h
23] with the same | with Steam | system automatically measures the | Fuel Economy: 11,83 Nm3/h
thermal Boiler conductivity of the boiler water | Water Saving: 1.276.8 kg/h
capacity, one with its sensor (TDS | Chemical Saving: 128 gr/h
of which is a < 3000 mg/l) and automatically | Cost of Saved Energy: 48.312 TL/Y:
spare and the enables the boiler to blow down as | (For 7,200 h/year operation)
other is active. needed. Payback period: 5 months
Tourism | Condensate Energy saving | Reducing the flash vapor pressure | Energy Saved: 91.528,8 Kcal/h
[23] line that | application with | from 4 bar (152 oC) to 0.2 bar Fuel Economy: 13,05 Nm3/h
returned to the | Flas Steam Water Saving: 170,54 kg/h
boiler room Recovery Chemical Saving: 15 gr/h

System Cost of Saved Energy: 48.620 TL/Y¢
(for 5.000 h/year operation)
Payback period:4 Months

Food 7 Chimneys of | Discharged from | Flue gas economizer applicationto | Amount of Energy Saved: 927.770 k

[23] cooking the Chimneys of | each chimney separately Saved Energy Rate: 4%
furnaces Process Monetary Value of Total Savings: 39

Furnaces Energy TL/Y1l (6.400 h/y1l galisma igin)
Saving Payback Period: 9 Months
Application
from Gases

Textile Dyeing Heat  recovery | Heat exchanger application: by | Clean (Cold) Water Flow: 55.000 kg

[23] wastewater

from high flow | making use of the heat energy of | Clean (Cold) Water Inlet Temperatu
and temperature | the dyed wastewater to pre-heat of | °C

the clean water taken into the | Clean (Hot) Water Outlet Tempera
dyeing operation unit 58°C

Energy Saved: 2.090.000 Kcal/h
Cost of Saved Energy: 1.011.600 TL
(for 7,200 h/year work)

Payback Period: 8 Months

Furniture | 2 drying fans Replacing Replacing fans and electric motors | Total Energy Saved: 82.212 kWhye
[24] Drying Fans and | with more efficient ones Total Cost of Saved Er
Electric Motors 32.669,72TL/Year

with Efficiency

wastewater

Electric motor replacement and
€0st:119.190,02 TL

Payback period: 3,65 years

Pulp and | Fans used in | Replacement of | Preventing unnecessary energy | Total Energy  Saved: 317.8

paper dust collection | Dust Extraction | consumption in unused units by | kWh/year
[24] lines Fans and Line | placing a separate fan in each unit | Total ~ Cost of Saved Er
Revision instead of the currently used single | 66.741,49TL/Year
one Fan investment cost: 28.838,91 TL
Revision Cost of Dust Suction |
78.323,56 TL.

Total investment cost: 107.162,47 TI
Payback period: 1,61 years

Industry | 2 Fans used for | Fan Driver | Since these fans are selected with | Total Energy Saved: 240240 kWh/y
not heating Application a power above the required | Total Cost of Saved Energy: 475
specified capacity, the use of a damper on | TL/Year

[24] the suction side of the fans and a | Total purchase price: 103286 TL.

frequency converter are applied to | Payback period: 2,17 years
both fans in order to adjust the
required air amount.

4.1. Energy Efficient Technologies in Sub-Sectors
4.1.1. Iron and Steel Industry

The raw materials used in the iron and steel industry differ
according to the production method. In basic oxygen furnace
(BOF) based plants, iron ore, scrap metal and hard coal are
used together. On the other hand, in the Electric Arc Furnace
(EAO) facilities, production is carried out from scrap metal.

74.4% of global crude steel production is carried out in BOF-
based integrated facilities, 25.1% in EAF facilities and 0.5%
in other facilities [25]. Iron - Steel sector is a sector in which
iron ore is produced by casting, forging, rolling, drawing and
similar methods, starting from the concentration of iron ore
from the underground. The products produced in the iron and
steel sector are examined in three parts as intermediate
products, main products and by-products. Intermediate
products are products that are produced to be used as inputs in
the production of another good. The main product is the
products that do not require another process and are produced
for final use, and by-products are the products that emerge with
the main product at the end of the production process for
technical reasons. Considering the diversity of the products
produced, it is seen that the importance of the Iron - Steel
sector is increasing more and more in technological fields as
well as in traditional industries. As a result of the rapid
developments in iron and steel production, the industrial
revolution has taken place and there have been great
developments in the field of technology.
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Considering the existing technologies applied in the Iron and
Steel Industry, these technologies can be listed as follows;

e  Use of closed charging system in coke ovens

e  Use of wet quenching process in coke ovens

e  Use of dry quenching technology with heat recovery in
coke furnace

e  Waste gas circulation in sintering

e  Blast furnace gas recovery

e  Energy recovery at blast furnace peak pressure

e  Preheating of scrap in Electric Arc Furnaces

e  Heat recovery in the annealing line

e Use of Rotary Kiln, Rotary Stove Furnace, Multi-Stage
Furnace (Coal fired)

Among these technologies, applications with potential in terms
of energy efficiency especially focus on improving the hot
furnace process control and improving the blast furnace
process control in iron production, while providing scrap
preheating and Oxy fuel burner assembly in steel production
comes to the fore. In Rolling and Finishing processes, the use
of regenerative burners for reheating furnaces, improvement
of insulation and installation of Automation M&T system
(cold rolling) becomes more important.

In this context, among the productivity improvement projects
(VAP) carried out in Turkey for this sector, revision of the
scrap transfer system with a return period of 1.4 years, motor
and variable speed drive application in the fans of the power
plant, and air purification fans with a return period of 6
months. It is seen that variable speed drive applications attract
attention. In addition to this, despite the one-time expenditure
of $762,000 for the improvement of coke dry extinguishing
facilities, improvement of ignition furnaces in sinter machines,
increasing the efficiency of steam jet water cooling machines,
modernization of cooling towers, improvements made in blast
furnace stoves and insulation of blast furnace combustion air
line, every year Applications with savings of $4.6 million were
also reported, and it was revealed that the expenditures were
recovered in less than 2 months with the savings provided.
Moreover, in the coal injection facility, insulation of the blast
furnace flue gas pipe, changing the combustion periods of the
blast furnace stove, completing the missing insulations and
repairing the old insulations, making transparent lighting in the
workshops, preventing idle running in the belts carrying coke
from the coke plant to the blast furnaces, determining the blast
furnace combustion air fan pressure values. It has been
calculated that 4.9 million dollars can be saved every year,
despite the one-time expense of 476,000 dollars by adjusting
the water cooling tower, renewing the tower efficiency, using
steel mill gas instead of coke gas in blast furnace stoves, and
the expenditure can be recovered in about 1 month with the
savings provided. Apart from these, with the improvement of
the pure water plant, 18.8 million $ savings can be achieved
every year, despite the one-time expenditure of 8 million
dollars, and the expenditure is recovered in less than 6 months
with the savings provided, once the front bearing design of the
motor blower plant is changed. Despite the special spending of
$500, it is possible to save $ 878,000 every year and the spent
can be recovered in almost 1 day with the savings, the power
plant old coke gas branch in the gas distribution system is
converted to blast furnace gas, blast furnace charging facilities
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electrofilter and aspiration system improvement and sintering.
It has been revealed that with the improvement of the crusher
feeders, a one-time expenditure of 730,000 TL will save 37
million TL every year, and the expenditure can be recovered
in approximately 1 week with the savings achieved [25].

4.1.2. Cement Industry

The cement sector is a sector that includes hydraulic binders
produced by grinding the semi-finished clinker, which is
obtained by cooking the raw materials containing silicon,
calcium, aluminum, iron oxides, to the degree of sintering with
technological methods, with a single or more type of additives.

In the cement production process, first of all, limestonnee, clay
and marl are loaded onto conveyor vehicles in the quarry area
as raw materials. Then the raw materials are ground in the mill
and turned into raw meal. After then, the raw meal taken by
weighing in the raw meal silo is fed to a preheater tower
consisting of cyclones, heated from 30°C to 1000°C and
calcined at a rate of 90%. The raw meal coming from the
preheater is cooked in a rotary kiln at 1500°C and granulated
5o that it can be calcined, and the resulting product is called
clinker. The clinker that comes out of the cooler is considered
an intermediate product in cement production and is obtained
as a result of grinding the cement clinker with some calcium
sulfate.

Considering the existing technologies applied in the Cement
Industry, these technologies can be listed as follows;

e Using a rotary kiln with multi-stage preheater and
precalcination,

e  Ensuring good sealing of rotary kilns,

e Integration of an efficient and modern clinker cooler into
the system,

e Reducing the clinker content of cement and cement
products,

e Using vertical roller mills with high energy efficiency,

e  Establishment of waste heat electricity generation (WHR)
systems,

e Use of waste-derived fuels.

About 80% of the energy consumption takes place in clinker
kilns.

Although there has been an increase of 28.8% in electrical
energy production from waste heat with heat recovery projects
in the last five years in the sector, an upward trend has been
observed in the specific energy consumption of integrated and
grinding plants.

The specific energy consumption of Turkey in 2020 was 0.098
TEP/tonne-cement for integrated facilities and 0.004
TEP/tonne-cement for grinding/packaging plants [26].

Among these technologies, applications with high potential in
terms of energy efficiency, replacing ball mills with high
efficiency roller mills as raw materials, optimizing combustion
efficiency in kilns, reducing kiln body heat losses and cold air
leaks, using efficient coolers in clinker production, process
control and can be listed as applications to improve
optimization  conditions.  Among the  productivity
improvement projects (VAP) carried out for this sector in
Turkey, the installation of an elevator system instead of the
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pneumatic system in the Rotary kiln feeding system with a
return period of 3.1 years, the application of variable speed
drive to the coal mill hot gas fan with a return period of 9.6
months. is to be done. In addition, it is seen that the
replacement of the Farin fan with an efficient fan with a return
period of 3.9 years and the replacement of the Flue gas fan
with an efficient fan and electric motor with a return period of
4.4 years are also included.

4.1.3. Glass Industry

Today, glass is a modern and versatile material. Glass, which
is mostly used in transparent or translucent form, which is
usually hard, brittle and allows the preservation of liquids, is
preferred for packaging many products such as food, beverage,
cosmetics and pharmaceuticals due to its transparency, shape,
odor and taste and resistance to most chemicals. It has a very
common usage area, from the simplest equipment to
communication and space technologies. The most important
inputs used in glass production are sand, soda, dolomite and
quartz. Since Turkey is rich in these resources, the Turkish
glass industry uses 98% of domestic raw materials. Glass
material production consists of four consecutive cycles. These;
preparation of the main materials, melting, forming and
annealing.

In summary, glass production is carried out by mixing various
raw materials in certain sizes according to the glass to be
produced, melting them in glass furnaces, cooling them
slowly, and shaping them into the desired shape with various
techniques in this process. Flat glass, glass packaging,
glassware and glass fiber constitute important sub-sectors of
the glass industry. The glass sector provides input to many
sectors such as construction and automotive, white goods,
food, medicine, cosmetics, tourism, furniture, pipes, electrical-
electronics and household goods.

The Distribution of Energy Consumption by Glass Industry
Fields of Activity in Turkey as of 2020 has been reported as
42.3% for flat glass manufacturing, 38% for glass packaging
manufacturing, 13.9% for glassware manufacturing and 5.8%
for glass fiber manufacturing [27].

The glass production process generally consists of blend
preparation, melting and affinity, conditioning and shaping,
secondary processing, packaging and storage and shipping
processes. When the distribution of energy consumption of the
Glass Industry on the basis of process is examined, the
processes in which energy consumption is used most are
melting and affinity.

The ratio of energy use in the smelting and affinity process to
the total energy consumption of the enterprises; It is 86% in
flat glass factories, 53% in glassware factories, 76% in glass
packaging factories and 47% in glass fiber factories [27].

Glass material forming methods can be listed as follows;

e  Blowing method,

e  Pouring rolling method,
e  Pulling method,

e  Flotation method,

e  Pressing method,

e  Fibrous method,
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e  Foaming method
e  Other formatting methods.

Considering the current technologies applied in the Glass
Industry, these technologies can be listed as follows;

e  Use of side-fired regenerative furnaces,

e  Use of rear-fired regenerative furnaces,

e Use of recuperative furnaces, use of oxy fuel melting
furnaces,

e  Combining fossil fuel and electrical melting, providing
furnace insulation to prevent heat loss,

e  Using waste glass/broken glass,

e  Waste heat recovery in furnace and other systems

Among these technologies, applications that have a high
potential in terms of energy efficiency, especially in heat
production processes, to improve the combustion performance
for furnaces, to minimize the use of excess air and to adjust the
burners in the furnace come to the fore. On the other hand, the
applications of preheating bulk and scrap glass and using
regenerative furnaces in the melting process are also
important. In addition, the use of more efficient glass feeding
troughs in the process control processes draws attention, while
the improvement of the processes in the annealing process
draws attention as energy efficient applications.

Since 2009, applications for 24 VAP projects have been made
by 11 factories in the glass industry. 7 of these projects have
been canceled for various reasons, and the status of the other
15 projects as of today is given below. A total of 1.67 million
TL support was paid for 14 projects with a total investment
amount of 3.84 million TL, the implementation of which was
completed successfully. If these projects are completed, it is
estimated that an annual energy saving of 689.64 TEP and an
annual financial savings of 1.67 million TL can be achieved.
On the other hand, a support payment of 1.02 million TL is
foreseen for one project whose implementation is ongoing and
the projected investment amount is 3.41 million TL, and it is
expected that with the completion of the implementation of the
project, annual 77.45 TEP energy savings and 694,664 TL
financial savings will be achieved [27].

4.1.4. Textile Industry

Textile covers processes such as yarn, weaving, knitting,
dyeing and printing, starting from fiber, while ready-made
clothing covers the processes that will turn this process into
useable goods. The part from fiber to yarn and finished fabric
is evaluated within the textile sector, and the process from
fabric to clothing is evaluated within the ready-made clothing
sector.

Considering the sub-sectors of the Manufacturing of Textile
Products, it is seen that it covers the following sub-sectors.;

e  Preparation and twisting of textile fiber,

e  Weaving,

e  Finishing of textile products,

e It is seen that the manufacture of other textile products
takes place.

e  Manufacturing of Clothing,

e  Manufacture of clothing, excluding fur,

e  Production of fur goods,
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e  Manufacture of knitted (knitted) and crocheted (crochet)
products

Considering the existing technologies applied in the Textile
Industry, below technologies can be listed as follows;

e Using enzymes for bleaching and washing

e  Use of plasma technology (plasma technology)

e Ink-jet printing v Infrared drying (IR-drying)

e  Use of hot melt technology

e  Use of waterless dyeing technology (SC-CO- technology)
e  Using UV technology in coating and finishing processes

Among these technologies, when the remarkable applications
with potential in terms of energy efficiency are examined, it is
seen that the following applications come to the fore,
respectively;

e Use of energy efficient blower fans and mobile air
cleaners (OHTCs) in the Spinning Process

e In Weaving Process; Taking measures for energy
efficiency in weaving plans

e In Age Processing processes; using counterflow currents
for washing and making improvements that can save
energy in continuous washing machines

e Dyeing and Printing processes; Ensuring heat insulation
in high temperature/high pressure (HT/HP) dyeing
machines and heat recovery from hot rinsing water

Among the energy efficiency improvement projects (VAP)
carried out for this sector in Turkey, it is seen that there are
applications such as with a return period of 4.8 years, ensuring
energy efficiency with efficient twisting machines, variable
speed drive application in air conditioner humidification
pumps with a return time of 7.2 months, and ram chimney
waste heat recovery, prevention of trap leaks, 3.1 year return
period, and switching of Hot oil stenter machines to the burner
system.

5. Sectoral Comparisons for Energy Efficiency in
Turkey

The application of benchmarking methodologies to determine
the efficiency of the industrial plant in terms of energy
consumption and to compare it with similar enterprises in the
same industry will provide a solid basis for the steps to be
taken according to the current situation of a particular
industrial plant. In addition, benchmarking studies provide the
following gains:

1. As a result of the research of best practices, it allows the
determination of reasonable goals and targets by comparing
the situation of the relevant enterprises in the sector with other
enterprises.

2. It helps to create an action scheme in line with the targets
set by the industries.

3. It provides comparison of the current situation of the
industry with the data of the past years. In this way, it helps
industries to improve themselves by pointing out the points
that need revision.

4. In addition to enabling the reduction of energy investment
costs per unit of production, it also supports industries to
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increase their motivation and performance.

Therefore, some criteria should be determined and applied for
such a comparative analysis. In terms of energy
efficiency/consumption, there are two main types of criteria
that can be considered useful for benchmarking comparative
analysis. The first of these can be called general criteria and
can be applied in all sectors. The second set of criteria is sector
specific. More than one criterion may need to be used when
making a comparative analysis of industries in similar
industries. However, while some general criteria may apply to
all sectors, some criteria are sector specific.

1) Establishment year or renewal year is one of the basic
criteria used for classification. It will help to identify the
current status/conditions of the existing plants and will also be
a good indicator of the technologies used in the processes at
each plant.

2) Production capacity is one of the basic criteria used for
benchmarking purposes. The type of production (stock or
make-to-order) indicates the continuity of the facilities.

3) Product groups in production are the most complex criteria
used to achieve meaningful outputs. When there are several
types of end products in the industry, they need to be grouped
before making a comparative analysis. One of the best ways to
do this type of grouping is to use the economic activity code
of businesses. For this grouping, the EuroStat economic
activity codes document can be used. In sector-specific
criteria, besides the specific energy consumption (SET), it is
important to determine the SET values specific to each of the
basic processes in the sector in question. In this approach, the
SET value of the underlying processes is summed. The
interaction of all processes determines the SET value of the
entire industry. By improving the SET value of individual
processes and/or the interrelationships between processes, the
SET value of the industry also improves. This process, shown
in Fig. 5, is done for all types of energy carrier processes.

1 2E

E 1E 2 E

quip —  Eauip

v v
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Process | —> Process2 ———» Process

@

Fig. 5. Bottom-up specific energy consumption process
[26]

The sum of the specific energy consumption used in the
process gives the SET value of the basic processes. Separate
SET values can be created for each of the basic equipment.
The advantage of this approach is that inefficiencies can be
traced down to the equipment level and necessary measures
can be implemented. It is important to clearly define the
boundaries of each process in benchmarking. This limit
determines the specific energy consumption of the process in
question. The process limit should be the same as the process
limit used for the benchmark value (Fig. 6) [26].
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Fig. 6. Inputs and outputs with boundaries of a sample
process [26]

Since multiple products are manufactured in a typical industry,
the classic approach to benchmark calculations is to add the
quantities of all products and calculate them collectively into
a single product. This would be a reasonable approach where
the specific energy consumption values of different products
are not significantly different from each other. In this way, it
is possible to compare different industries operating in a
particular sector by comparing the energy they consume per
unit of product. However, in cases where there are large
differences between the specific energy consumption values of
different products, a more precise procedure is required for the
overall specific energy consumption calculation. Otherwise,
comparing industries in different quantities and over different
products would be risky to get accurate results.

In this case, the analysis requires reference to the relative
energy consumption amounts for each product type based on
the measurement, calculation and observation activities in the
process lines by the plant personnel, as well as the relevant
studies based on comprehensive energy studies. In any case,
some uncertainty in the relative specific energy values is
inevitable.

In this case, the proposed calculation procedure can be
summarized as follows [26]:

e  The plant's determination of the product with the highest
production amount as the main or main product, the ratio
of the specific energy of a product to the specific energy
of the main product is called the "correction factor" or
"normalization factor". Naturally, the correction factor of
the main product is 1. It should be noted that the product
with the highest (or lowest) specific energy consumption
should be taken as the main or main product.

e  Ensuring that the best correction factor estimates for all
product types are entered at the industry if reliable
correction factor data based on extensive energy studies
are not available. For example, the correction factor of a
product is 0.85; means that for the production of 1 unit of
this product, 85% of the energy consumed for the
production of process 1 of the main product is required.
Estimates of correction factors should be continually
improved based on the results of the energy studies
performed.

e  Collecting lists of best correction factor estimates from
industry personnel and averaging each product to
represent the industry average. This method of averaging
is consistent with the law of large numbers used in
statistics and usually gives results with reasonable
precision. If available, it is necessary to compare this
value with the relevant correction factor values in the
literature and complete the list of correction factors by
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taking into account all available data and making realistic
decisions as much as possible.

Since it is not possible to precisely calculate the energy
consumption of each product type based on energy
measurements, this approach can be considered the most
practical approach. As an alternative approach, an all-sector-
specific list of relative energy consumptions for each
manufactured product can be prepared based on available
benchmark data, and this list can be automatically loaded
according to the user's sector selection.

This approach was also used in a benchmarking study
conducted by Norway and supported by Intelligent Energy-
Europe [28]

Specific energy consumption for an industry should be
calculated taking into account the following steps [29];

e  For each product, multiply the production amount by the
product's correction factor and add the results.

e  To obtain the specific energy consumption of the main
product in kJ, MJ, GJ or kWh per unit quantity (kg, tonne,
m, cubic meter, etc.), the total energy consumption of the
facility is divided by this sum. When this value is
multiplied by the correction factor of another product, the
result will give the specific energy consumption of that
product. By repeating this process for each product, a
specific energy consumption list will be obtained for all
products produced by that facility.

e  The weighted average of the specific energy consumption
of the products produced gives the specific energy
consumption of the facility. There are only two
parameters here. In these; The product quantities (mi for
product i) and the specific energy consumption of each
product (ei for product i). The weighted average (general
specific energy consumption of the facility) is calculated
by multiplying each product amount by its specific
energy consumption, summing the results and dividing
the result by the total product amount (mlxel+m2xe2+
L)/(ml+m2+. ).

5.1. Cement Industry Comparisons

Although the current benchmarking studies in the cement
sector are mostly at the enterprise level, there are also studies
at the process level. For example, some sources in the literature
provide benchmark values for some processes, such as
preparation of raw materials, preparation of fuels, preparation
of additives (for special cements), clinker making and final
grinding [30].

Since approximately 80% of the energy consumption in
cement production takes place in clinker kilns, it is more
meaningful to focus on improvements especially in electricity
and fuel consumption. For this reason, it is recommended to
make a comparison of the process given in Fig. 7 and Fig. 8 as
a minimum in the cement sector.

The cement industry in Turkey must agree on the boundry of
each process.It is recommended that process limits be chosen
in such a way that at least 90% of the total energy consumption
can be accurately calculated. Process limits are shown in Fig.
9.
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Fig. 9. Process boundries in the cement industry [26]

Cooling water and compressed air used in the processes are
other important forms of energy used in the cement industry.
Cooling towers consume electricity to produce the cooling
water used in the process. Similarly, compressors consume
electricity and produce compressed air for use in the process.

The SET values for the air compressor and cooling tower can
be kWh/m? of air and kWh/m? of cooling water. These SET
values can be added to the specific electricity consumption of
the process using the process's specific compressed air and
cooling water consumption in m*/tonnene.

Specific cooling water consumption of the process = X m?
cooling water/tonnene

« Specific electricity consumption of cooling water production
=Y kWh/m? cooling water

« Specific electricity consumption due to process cooling water
consumption = X * Y kWh/tonne.
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The same process can be applied for hot water, steam and other
similar forms of energy. If steam and hot water production
takes place in the process, the enthalpy difference should be
taken into account when calculating the energy consumed for
them. Within the scope of the 2020 Cement Industry
Comparison Report in Turkey, a total of 55 facilities
representing all integrated facilities in our country and 12
cement grinding facilities were evaluated. Limestone, marl
and clay come to the fore in the raw material consumption of
the facilities included in the cement sector benchmarking
study. The most consumed auxiliary materials are gypsum,
limestone and fly ash, and alternative raw materials are iron
(Fe), silicon (Si) and Si-Ca-Fe-Al. The capacity utilization
rates of the cement plants participating in the benchmarking
study are in the integrated plants and while the clinker capacity
utilization rate is 79.3%, the cement capacity utilization rate is
55.3%. The capacity utilization rate in cement
grinding/packaging facilities is 46.7% . The total final energy
consumption of all facilities included in the benchmarking
study is 7.24 million TEP, and approximately 99.8% of this
consumption belongs to integrated facilities [26].

5.2. Iron and Steel Industry Comparisons

The current benchmark results in the iron and steel industry;
concentrated largely at the plant level and to some extent at the
process level. For example, currently the most commonly used
benchmarks are the SET for electricity and fuel use in iron and
steel making, namely GJlel/tonne, GJfuel/tonne or
GJtotal/tonne. In some sources in the literature, there are
benchmark values for processes such as coke plant, sintering
plant, blast furnace plant, steel plant and rolling machine.

Electricity and fuel consumption in iron and steel production
are given in Fig. 10 and Fig. 11, and process limits are given
in Fig. 12. It is recommended that the process boundaries of
the iron and steel industry in Turkey be chosen in such a way
that at least 90% of the total energy consumption can be
calculated clearly. Process boundries are shown in Fig. 12.
Cooling water and compressed air used in the processes are
other important forms of energy used in the iron and steel
industry. For this reason, similar to the Cement sector, the SET
values of the Iron and Steel sector are used in cooling towers,
air compressors, hot water, steam, etc. It can also be applied to
other forms of energy such as if steam and hot water
production takes place in the process, the enthalpy difference
should be taken into account when calculating the energy
consumed for them.

Cooke Plant Sinter Plant Blast Furnace Steel Rolling Unit
kWh/tonne kWh/tonne Plant House KWh /lonne
kWh /fonne kWh/tonne

Fig. 10. Comparison of electricity consumption in iron
and steel production [26]
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Fig. 11. Comparison of fuel consumption in iron and
steel production [26]
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Fig. 12. Process boundries in the Iron and Steel
industry[26]

5.3. Textile Industry Comparisons

Some of the textile processes require special indoor climatic
conditions, especially air conditioning. In order to obtain a
reliable database of benchmarking, it is necessary to
“normalize” the portion of energy consumption that is
dependent on external climatic conditions. This part of the
energy can usually reach 25 to 27% of the annual consumption.

One convenient approach is to use “heating days”. The cooling
load is highly dependent on internal heat sources and solar
radiation; therefore, it is too complex an issue to be associated
with the ambient climate. It would be recommended to
normalize energy consumption for the period of heating days
only. If the difference in heating days for the two periods in
the comparison analysis is less than 10%, this normalization
can be ignored. Simple algorithm for calculating the “climate
indicator”: climate correction of energy consumption can be
applied for the heating period of the year using heating days.

Heating days can be calculated with the following equation
[29];

HDDi = ni*(t; — torti) [Eq.5]
i - Number of months in the heating period
ni — number of heating days in month i,

t- The working ambient temperature required by the design of
a particular technology. If there is more than one operating
environment with different requirements, the tt value can be
calculated as a weighted average,

torti- The monthly average of the ambient temperature
observed at the relevant location in month i.

The climate correction/normalization indicator (IDG) to be
multiplied by the climate-related energy consumption can be
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calculated as follows [29]:
iDG = HDDry Y™ , HDDi [Eq.6]

i : The number of months in the heating period of the analysis
year,

HDDry: Relative heating day degree of the reference year
selected for comparison

HDD : Heating day degrees

5.4. Glass Industry Comparisons

Different final (salable) products or intermediates in the glass
industry, each with different quality requirements, cause
energy use to be variable.

In this sector, 3 types of correction factors must be taken into
account [27];

1) Product mix
2) Basic production process = Temperature
3) The residence time of the melt in the furnaces

In the glass industry 1. Correction factor in the product mix
category, in the production of flat glass with different product
thicknesses, the thickness, machinability, thermal relaxation,
etc. It has been defined for several reasons due to its effect on
energy consumption. Here is the path to be followed in the
energy consumption calculation [29];

e  Measuring/recording energy consumption for a given
quantity of product with thickness (x) in the reference
(base) year.

e  Keeping a record of the measured values before and after
the production process.

e  Calculation of the specific energy consumption of the
product with thickness (x") in the reference (base) year.

e  Measuring/recording energy consumption for a given
quantity of products with thickness (y) in the reference
(base) year.

e Calculation of the specific energy consumption of the
product with thickness (y) in the reference (base) year.

e  Calculating the specific energy consumption of x and y
exponents in the following years and associating them
with the values in the reference (base) year.

In the basic production processes, which is defined as the 2nd
correction factor in the glass industry, temperature is defined
to characterize the energy consumption that may occur from
temperature differences in the coarse and fine melt. Here is the
path to be followed in the calculation of energy consumption
[29];

e  Determination of the mean temperature in the reference
(base) year (annual) in the smelter/furnaces.

e  Measuring/recording the average temperature (annual) in
the smelter/furnaces in the following years (analysis
year).

e  Obtaining the correction factor for each analysis year by
proportioning the value in the analysis year with the value
in the reference year.

The only point to note here is; if the glass processing plant does
not produce its own glass melt, it is also necessary to consider
the main processes and other factors that have the greatest
impact on the plants.
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The residence time of the melt, which is defined as the 3rd
correction factor in the glass industry, is taken into account
since the prolongation of the retention time causes an increase
in energy requirements. Because the higher the desired glass
quality, the longer the glass melt must remain in the fine
melting range. Here is the path to be followed in the energy
consumption calculation [29];

e  Determination of the average retention time in the
reference (base) year (annual) in the smelter/furnaces.

e  Measuring/recording the average retention time (annual)
in the smelter/furnaces in the following years (analysis
year).

e  Obtaining the correction factor for each analysis year by
proportioning the value in the analysis year with the value
in the reference year.

The point to be considered here is that if the glass shards
belonging to the facility or recycled are used in certain
proportions/amounts, the correction factor should be
calculated considering that this will accelerate the melting and
save energy.

6. Conclusion

The gradual decrease in fossil fuels, which constitute a
significant part of the energy need, insecurity against nuclear
energy facilities, the inability of alternative energy sources to
meet the demand at the desired level, pollution of the
environment and climate changes increase the importance of
energy efficiency day by day. Energy efficiency is the most
important component of sustainable development and
competitiveness. The implementation of environmentally
friendly policies and methods in energy
production/consumption, the creation of resource alternatives,
and the increase of efficiency by avoiding waste have been a
policy that has been emphasized in Turkey. Energy efficient
technologies in the sector are encouraged to use energy with
high efficiency and savings without sacrificing production
quality. The application of benchmarking methodologies to
determine the efficiency of the industrial plant in terms of
energy consumption and to compare it with similar enterprises
in the same industry will provide a solid basis for the steps to
be taken according to the current state of a particular industrial
plant. For this purpose, it is important to determine the criteria
that can be used by grouping them as general and sectoral
criteria on a sectoral basis. In industrial enterprises where
energy is used intensively, planned and systematic studies
should be carried out to increase energy efficiency and its
sustainability should be ensured.

While carrying out activities to increase energy efficiency in
industrial enterprises, it should not only be based on
investments based on technological development or random
savings decisions, but also integrated with the Energy
Management System (management planning, documentation,
maintenance, measurement and monitoring). Otherwise, the
continuity of energy efficiency is not ensured and it is seen that
the gain in efficiency is lost again after a while. Research has
shown that annual energy costs can be reduced between 5%
and 20% with the Energy Management System and its tools.
The 1SO 50001 Energy Management System Standard
application for systematic and permanent reduction of energy
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density for industrial enterprises should be expanded, and if
possible, it should be applied in the industry as a legal
obligation.

Legal regulations and processes related to energy efficiency
should be closely followed, and efforts to increase energy
efficiency should be kept on the agenda with the support of
energy studies, voluntary agreements, efficiency-enhancing
projects, incentives and energy efficiency consultancy
companies
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Diinyada ve Marmara Denizi’nde Miisilaj Olusumu ve
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Oz: Diinyada tiim iilkeler ¢evre kirliligi, atik problemleri ve kiiresel iklim kriziyle miicadele etmektedir. Insanlar yasadiklar1 ve nefes
aldiklar1 habitati tahrip ederek dogal ve ekolojik denge iizerinde bozulmalarm olmasima sebep olmaktadirlar. Iklim degisikligi de
ekolojik dengenin bozuldugunun bir kanit1 olup, sicakliklarin artmasina, sel, yangin vb. dogal afetlerin artisina sebep oldugu gibi
birgok olumsuzluga yol agmaktadir. Tklim degisikliginin sebep oldugu olumsuz sonuglardan biri de miisilajdir. Miisilaj, 6zel iklimsel
ve tropik sartlar altinda organizmalar tarafindan tiretilen bir organik madde birikimidir. Dogal bir olusum olan miisilaj, denizlerde ve
okyanuslarda goriilmektedir. Miisilaj, deniz salyasi veya deniz kar1; ekosistemi tehdit eden, denizlerdeki canlilara ve biyogesitlige
olumsuz etkileri olan bir ¢evre felaketidir. Son yillarda yaganan Marmara denizinde kirliligin artmasina ek olarak su sicakliklarinin
ylikselmesi, deniz salyasinin belirgin hale gelmesine sebep olmustur. Diinyada birgok okyanus ve deniz miisilaj ile kars1 karsiya
kalmaktadir. Bu makalede miisilaj olusumu, sebepleri, etkileri, Tiirkiye’de ve diinyada miisilaj olusumu 6rnekleri, miisilajin
azaltilmasi ile ilgili dneriler irdelenmistir.

Anahtar kelimeler: Miisilaj, deniz salyasi, deniz kari, iklim degisikligi, kirlilik, deniz kirliligi

Formation and the Effect of Musilage in Marmara Sea and in the World

Abstract: All countries in the world is struggling with environmental pollution, waste problems and the global climate crisis. People
cause deterioration on the natural and ecological balance by destroying habitat in which they live and breathe. Climate change is also
a proof of the deterioration of the ecological balance, which can cause an increase in temperatures, floods, fires, etc. It causes many
negativities as well as the increase in natural disasters. One of the negative consequences of climate change is mucilage. Mucilage is
an accumulation of organic matter produced by organisms under special climatic and tropical conditions. Mucilage, which is a natural
formation, is found in the seas and oceans. Mucilage, sea sputum or sea snow is an environmental disaster that threatens the ecosystem
and has negative effects on marine life and biodiversity. Nowadays, the increase in pollution as well as the water temperature in the
Marmara Sea has caused the sea saliva to become prominent. Many oceans and seas in the world have been exposed to mucilage. In
this article, the formation of mucilage, its causes, effects, examples of mucilage in Turkey and in the world, and suggestions for reducing
mucilage are discussed.

Keywords: Musilage, sea snot, marine snow, climate change, pollution, marine pollution
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1. Giris

Canl1 organizmalar, 6li hiicre atiklari, inorganik maddeler ve
diger bilesenleri igeren ve halk arasinda deniz kari, deniz
salyasi olarak da bilinen miisilaj, aslinda organik madde
icerigince zengin bir dogal olusumdur. Miisilaj, yiiksek
miktarda besi maddesi igeren tabakalagmis sularda belirli
sicakliklarda su yiizeyinin 1sinmasi ile tek hiicreli canli
sayisinin agir1 ¢ogalmasi, besi maddelerini hizla tiikketmeleri ve
ardindan 6liim fazinda kitlesel oliimlerin ger¢eklesmesiyle
hiicre i¢inde dogal olarak igerdikleri polisakkarit ve diger
hidrokarbonlarin  disar1  salinmas1 ile olusan, birkag
milimetreden birka¢ metreye degisen boyutta olabilen
birikimlerdir. Miisilaj olusumunu 6zetlemek gerekirse; stresli
kosullar altinda fotosentetik olarak tiretilen
karbonhidratlarin fazlasinin su ortamina salinmasi, hiicre
kalmtilarinin  6limii ve ayrigmasiyla biiyilk miktarlarda
polisakkaritin alic1 ortama karigmasi, hiicre lizi sonrasinda
yliksek miktarda ¢6ziinmiis organik madde igeriginin deniz
ortamina karigmasi, bakteriyel hidroliz ve bozunmanin
kisitl olmasi sebebiyle yiiksek molekiil agirlikli organik
bilesiklerin ~ zamanla  birikmesi,  prokaryotlarin  ve
fitoplanktonlarmn hiicre lizi sonucu hiicre igerigindeki
organiklerin deniz ortamina karigmasi olarak aciklanabilir
(Danovaro vd., 2009). Miisilaj, biyokimyasal pek ¢ok kosulun
bir araya gelmesi ile meydana gelir. Deniz suyunda azot ve
fosfor gibi besi maddesi igeriklerinin gerekenden fazla olmasi
durumunda fitoplanktonlarin asirt gelismesi kal, jelimsi,
stimiiksii bir organik madde katmaninin olusumuna yol agar.
(Komiiscii vd., 2022; Precali vd, 2005). Miisilajin olustugu
veya su sirkillasyonu ile tasindigi alanlarda da
biyojeokimyasal  siiregleri  onemli  Olgiide  etkiledigi
kaydedilmistir. Canli makro yapilarin bozunmasi, zarar
gormesi, 151k smnirlanmasi, fiziksel ve kimyasal ortamin
degisimi miisilajin su siitununda ve ayrica kayaliklarda
yasayan makro ve mikroorganizmalar {izerinde uyguladigi en
¢ok bildirilen baskilardir. (Rinaldi vd; 1995 Giani 2005 vd,).

2. Diinyada miisilaj vakalar

Gegtigimiz yil Marmara Denizi’nde meydana gelen miisilaj
yeni bir olusum olmamakla beraber, son zamanlarda
denizlerde ve okyanuslarda kirliligin artmasi, kiiresel
1sinmanin da etkisiyle goriilme siklig1 artan bir ¢evre olayidir.
Diinyada ilk miisilaj olayt 1729 yilinda Adriyatik Denizi’nde
goriilmiis ve tam tanimlanamasa da balik¢r aglarini kaplamasi
sebebiyle deniz kirliligi olarak addedilmis, 1860’larda ise Yeni
Zelanda’da goriilmiistlir. Gliniimiize kadar araliklarla ayni
bolgede bir¢ok kez miisilaj olayi rapor edilmistir (MacKenzie
v.d., 2002; Danovaro vd., 2009).

Daha sonra niifusun artmasina bagli olarak tarim yapilan alan
sayist ve kullanilan gilibre miktarindaki artisa ve evsel ve
sanayi kaynakli atiksu desarjlarina paralel olarak su ortamina
karisan azot, fosfor gibi niitrientlerin fazlalagmasi, kiiresel
1sinmanin su kaynaklarinda 1s1 artigina neden olmas etkisiyle
birleserek tiim diinyada miisilaj olaylarinin gériilmesine neden
olmustur. 1973’ten baslayarak giinimiize degin Kuzey
Denizi’nde, Adriyatik Denizi’nde, Italya’da ve Meksika
Korfezi’'nde ¢ok sayida miisilaj vakasi gozlenmistir (Tett vd.,
1993; Zevenboom vd., 1991; Danovaro vd., 2009; Misic vd.,
2011).
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Diinyada en biiyiik miisilaj olay1 yaz aylarinda Adriyatik
Denizinin kuzey kiyilarinda goriilmiistir (Danavaro vd,
2009). En sik miisilaj olaylarinin yasandigr bu boélgede,
araliklarla ¢cok agir miisilaj olaylar1 kaydedilmistir. 1991'de
yine yaz aylarinda Italya'nin batisindaki Tiren Denizi
aciklarinda da oldukca yogun bir miisilaj olay1 goriilmiistiir.
(Danovaro 2009, vd.; Innamorati, 2001).

Son yillarda yasanan miisilaj olaylarinin da biiyik bir
¢ogunlugu Adriyatik ve Tiren Denizi’nde meydana gelmistir.
1995°de Baltik Denizi’nde de miisilaj olusumu gdzlenmistir.
2003 Haziraninda italya ile Korsika Adasi arasindaki Liguria
Denizi'nde karsilasilan miisilaj olay: ile ilgili ¢aligmalarda,
burada meydana gelen miisilajin 1991°de Tiren Denizi'nde
miisilaj olusturan mikroorganizmalardan farkli oldugu
belirlenmistir. Su canlilarinda dnemli tahribata sebep olan bu
miisilaj olayi, temmuz ayinda biiyiik bir firtina meydana
gelmesi ile kendiliginden dagilmigtir. Burada yasanan
miisilajm,  2003’de Avrupa'da meydana gelen yiiksek
sicakliklarla baglantili oldugu, 1sman havanin deniz suyu
sicakligin1  arttirdigt ve bu donemde denize ddokiilen
nehirlerden daha az su geldigi distiniilmektedir (Misic vd.,
2011). 2000°de Yeni Zellanda’da karsilagilan miisilajin tek
hiicreli bir alg tiiriiniin asir1 cogalmasindan meydana geldigi
(Mackenzie vd., 2002), ayn1 yil Adriyatik’teki miisilajin ise
diyatomlardan kaynaklandigr belirlenmistir (Kovac vd.,
2005). 2007 yilinda Ispanya Fas arasindaki Alboran
Denizi’nde meydana gelen miisilajin tek hiicreli, canlilarin
asir1 ¢ogalmasindan, 2007°de Japonya’da gdzlenen miisilajin
dominant tiirliniin ise diatomlar oldugu belirlenmistir (Fukao
vd.,2009). Miisilaj birikimini meydana getiren diger canlilar
siyanobakter ve heterotrofik bakteriler de olabilmektedir (Fuks
vd., 2005)

3. Tiirkiye’de miisilaj vakalari, sebepleri ve
¢oziimiine yonelik calismalar

Tiirkiye’de ilk miisilaj vakas1 1992°de Erdek Korfezi’nde su
altina dalis yapan sporcular tarafindan gozlenmistir (Tifekg¢i
vd., 2010). Daha sonra 2007 yilinda yine Marmara Denizi
Izmit Korfezi’nde su yiizeyinde gozlenen miisilaj olay:
meydana gelmistir (Okyar vd., 2015). 2007-2008 arasinda
meydana gelen biiyiik ¢apli deniz salyasi olusumu, Canakkale
Bogazi'ndan baslayarak Izmit Kérfezine kadar olan bélgeyi
kapsamaktaydi (Aktan vd., 2008).

Marmara Bolgesi 7 il ve 25 milyon niifusa sahip, iilke
sanayisinin %50’sinin  karsilandigi, yogun tarimsal
faaliyetlerin oldugu, giinliik 500.000 kisinin kullandig1 sehir
i¢ hatlar1 ve yillik 41.000 dev transit gegislerin oldugu yogun
gemi trafigine sahip olan bir bolgedir. (Birpmar, 2021).
Marmara bolgesinde yer alan ve denize sularini doken iller
Tekirdag, Istanbul, Kocaeli, Yalova, Bursa, Balikesir,
Canakkale olup Sekil 1°de gosterilmektedir. Marmara Denizi
akarsulari, Susurluk Cay1, Gonen Cay1, Kocabas Cay1, Biga
Cay1, Sakarya Irmagi, Kara Menderes Cayi, Meri¢ Irmagi,
Ergene Nehri’dir. Bunlardan Susurluk, Gonen, Kocabas ve
Biga Cay1 Marmara Denizi’ne dokiilmektedir.
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Sekil 1. Marmara Bélgesi illeri

Marmara Denizi; yaklasik 240 km uzunluk ve 70 km
genislikte, 11500 km yiiz Sl¢iimiine sahip en derin yeri 1270
metre ve akinti yoni diger deniz ve okyanuslardan farkli
olarak dogu-bati yonlii olan bir i¢ denizdir. =~ Marmara
Denizi’nin yiizeyindeki ince tabakada tuzlulugu kismen az
Karadeniz sulari, bunun altinda fazlaca tuzlu olan Ege-
Akdeniz sulart bulunmaktadir. Bu tabakalar tuz oranmnimn
yaninda, sicaklik ve oksijen orami bakimindan farkli su
kiitlelerinden olusur. Karadeniz sular1 tuz bakimindan daha az
yogunluklu olup Istanbul Bogazi’ndan Marmara’ya ulasirken,
Ege sulart ¢ok daha yogun oldugundan alt akinti olarak
Canakkale Bogazi’ndan Marmara’ya ulasir.  Birbirinden
ayrilan bu iki tabaka arasinda bir gegis tabakasi da
bulunmaktadir. Bu iki farkl su kiitlesi yaklasik 25 metrelerde
yogunlugu birbirinden farkli su kiitlelerini ayiran ara katman
tabakasiyla birbirinden ayrilmaktadir. Marmara Denizi’nin
hidrografik yapisi Sekil 2° de gosterilmektedir.

25 METRE
R SRS =l
. — =
- S e - KARADENIZ
- —— 1 S — KOKENLI
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Sekil 2. Marmara Denizi  hidrografik  yapisi
(Pakdemirli, 2021)

Marmara Denizi Gist tabakas1 genisligi 25 metre civarinda olup
bu sular yilda 2-3 kez yenilenirken, alt tabaka sularinin
yenilenmesi yaklasik 6-7 yil gibi bir siireyi bulmaktadir.
(Aydin 2021, Besiktepe vd., 1994).

Marmara bdlgesinde yer alan iller, sanayi ve kentsel atik
sularint Marmara Denizi'ne desarj ederek kirlilik yiikiiniin
artmasmna sebep olmaktadir.  Yapilan desarj miktarinin
sehirlere gore dagilimi incelendiginde % 80’e yakin kisminin
Istanbul’dan, daha sonra sirastyla Kocaeli, Bursa, Tekirdag,
Balikesir, Yalova ve Canakkale’den geldigi goriilmektedir.
Atiksu desarjlart sonucu Marmara Denizi’nde azot ve fosfor
yiikii artmaktadir. Kentsel atiksulardan ve tarim alanlarindan
kaynaklanan azot ve fosforun belirli bir esik degeri iizerine
¢tkmasi durumunda oGtrofikasyon meydana gelmekte ve
boylece alg patlamalari ve miisilaj ortaya ¢ikmaktadir. Son
yillarda bolgede niifusun hizla artmasi, tarim, sanayi, gemi

gegigleri,  turizm,  balikgilik ve yeterince aritilmamis
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atiksularin  aritma tesislerinden denizlere desarji sonucu
Marmara Denizi’'nde kirlilik yiikii artmis ve bu da denizde
oksijen miktarinda azalmaya sebep olmustur. Marmara
Denizi’'nde yillara gore degisen oksijen konsantrasyonlari
incelendiginde  1985-2005  yillar1  arasinda  oksijen
konsantrasyonu seviyeleri daha yiiksek iken, 2010-2017
yillarinda oksijen konsantrasyonunda diisiis gozlenmistir
(Marmara Denizi Biitiinlesik Stratejik Plan1 2021-2024, T.C.
Cevre, Sehircilik ve Iklim Degisikligi Bakanligr).

Miisilaj olugumuna sebep olan baglica etmenler yiiksek
sicaklik, duragan deniz ve fazla besin elementi (kirlilik) dir
(Sekil 3). Ayrica organik madde birikiminin artmasi, evsel ve
sanayi atiklari, metaller, azot, fosfor yiikiiniin artis1, yanlis
balik¢ilik, akint1 (tabakalagsma) profilindeki degisikler de
miisilaj olusumuna sebep olan etmenlerdir. ~ Marmara
Denizi’'nde iklim degisikligi sebebiyle artan deniz suyu
sicakliklari, denizde olusan durgunluk ve artan kirlilik
sebebiyle denizlerdeki besin elementi artis1 miisilaj olayim
tetiklemektedir.

degigimi

Atiklar, tarimsal Marmara Denizi'nin orjiinal yvapisi ve iklim
faaliyetler degisikligi

Sekil 3. Miisilaj olusumuna sebep olan bagslica etmenler

Havzadaki kirlilik yiikiini bolgedeki sanayi, tarim ve
hayvancilik faaliyetleri, kati atik ve emisyonlari, yiizeysel
akislar, kontrollii veya kontrolsiiz yapilan her tiirlii desarj
etkilemekte ve havzanin su Kkalitesini olumsuz sekilde
diistirebilmektedir  (Aydin 2021, ve Marmara Denizi

Biitiinlesik Stratejik Plan1 2021-2024).

Miisilaj olusumuna sebep olan kirlilik etmenleri, kara kdkenli
kirleticiler ve diger kirleticiler olarak siniflandirilmis ve Tablo
1’ de gosterilmistir.

Tablo 1 Misilaja sebep olan kirlilik etmenlerinin
siiflandiriimasi (Kurum, 2021)

Kara Kokenli Kirleticiler
Diger
Noktasal irletici
oxtasa Yayili Kaynaklar Kirleticiler
kaynaklar
Gemi kaynakl
Kentsel atiksular Zirai (tarimsal) atiklar er.nl 'fly.na !
kirleticiler
Endiistriyel Mikrobiyolojik
H 1 atikl
atiksular avvansataticat Kirlilik
Diizenli depolama Meskun bolgelerden Kiy1
alanlar1 s1zint1 gelen yiizeysel akis ve diizenlemeleri,
sular1 stiriiklenmeler dip taramalari
Termal ve yogun Atmosferik taginim Deniz cépleri
su desarjlari kaynakli kirleticiler sop
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Cevre, Sehircilik ve Iklim Bakanhgi tarafindan yiiriitiilen
MARAAT Projesi verilerine gore Marmara Denizi Havzasi
atiksu aritma tesislerinin debi bakimindan biiyiik bir kisminin
kentsel atiksu oldugu belirlenmistir. Buna paralel olarak
toplam atiksu kaynakli kirlilik yiikiiniin = %96’s1 kentsel
atiksulardan kaynaklanmaktadir. Projede kentsel atiksuyun
yaklasik %43 gibi azimsanmayacak bdolimiiniin yalnizca
fiziksel aritmaya tabi tutularak desarj edildigi, %4,9 oraninda
ileri aritma yapildig1, %51,8’lik kisminin ise biyolojik aritma
uygulanarak desarj edildigi belirlenmistir. (Marmara Denizi
Biitlinlesik Stratejik Plan1 2021-2024).

Hizla gelisen teknolojik yenilikler ile degisen ve bilingsizlesen
tiketim aligkanliklar1 dogal kaynaklar iizerinde baskiy1
arttirarak ¢evre ve iklim krizlerine sebep olmaktadir. Yiikselen
deniz seviyeleri, seller, kurakliklar, tarim verimliligindeki
degisiklikler, nesli tiikenen/tiikenmekte olan hayvanlar ve
bitkiler iklimsel degisimin etkilerinin sonuglaridir. Sicaklik
artis1 da iklim degisikliginin olumsuz bir sonucudur. Sekil
4’de diinyada ve Tiirkiye’de yillik ortalama sicakliklarmin
artig egiliminde oldugu goriilmektedir.

Marmara Denizi’nde ge¢misten giiniimiize sicaklik degisimi
incelendiginde iklim degisikligi sonucunda artan sicakliklarin,
misilajin  Marmara Denizi’'nde artis gdstermesine sebep
olmasi1 ihtimali olduk¢a yiiksektir Marmara Denizi
yiizeyindeki sicaklik artiglart son on yila gore artis
gostermistir. Sekil 4'te verilen grafige gore 2010 yilinda
Tiirkiye'de ortalama sicakligin diger yillara gore yiiksek
oldugu goriilmekte olup bu yilda sicakligin artiginin sebep
oldugu miisilaj olusumunun Ege ve Marmara Denizinde
gozlendigi tespit edilmistir (Aydin,2021).

Diinya'dave Tiirkiye'de Yilik Ortalama Sicakliklar
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Sekil 4. Diinyada ve Tiirkiye'de yllik ortalama
sicakliklar (CSGB, 2021).

Marmara Denizi su sicakliklarinin bes esit periyotta, yaklagik
10 yillik siireg araliklariyla degerlendirildigi Tablo 2°de yil
bazinda gozlemlenen ortalama sicaklik verileri belirtilmistir.
Tablo 2’den sicaklik deger artisinin 2000°1i yillardan itibaren
diger yillardan farkli seyri goriilebilmektedir. En yiiksek
ortalama deniz suyu sicakligi ise 2019 yilinda 18,6 °C olarak
belirlenmistir  (Cevre, Sehircilik ve Iklim Degisikligi
Bakanlig1, Meteoroloji Genel Midiirliigii, 2021).
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Tablo 2 1970-2021 yillar1 arasi1 deniz suyu sicakliklari (Cevre,
Sehircilik ve Tklim Degisikligi Bakanli1, Meteoroloji Genel
Miidirligi, 2022)

Y1l arah@ Ortalama Sicakhik (°C)
1970-1979 15,1
1980-1989 15,0
1990-1999 15,4
2000-2009 15,8
2011- 2021 16,8

Meteoroloji Genel Miidiirligi (MGM) 2021 yili aylik
ortalama sicaklik verileri Sekil 5°de gosterilmistir. Sekil 5’den
miisilajin goriiniir bir sekilde Marmara Denizi’nde meydana
geldigi aylar olan Mayis 2021 sicaklik verisinin 16,5 ° C ve
Haziran 2021 sicaklik verisinin 21,1 ° C oldugu, bir aylik
stiregte deniz suyu sicakliginin yaklasik 4,6 ° C artig gosterdigi
goriilebilmektedir. Bu sicaklik artiginin miisilaj olusumunda
baglica neden oldugu diisiiniilmektedir.
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Sekil 5. 2021 yui aylik ortalama deniz suyu sicakliklar:
(MGM, 2021).

Sekil 6’da ise 1970-2021 yili deniz suyu sicaklik araliginin,
miisilaj olayinin goriildiigii 2021 yili nisan-agustos donemi ile
karsilastirilmast yapilmistir. Biyolojik ve kimyasal siirecler
icin sicakliktaki kiiglik degisikliklerin nicel farkliliklara yol
acabildigi bilinmektedir. Yukaridaki tablolar ve Sekil 6
incelendiginde Marmara Denizi’nin ortalama sicakliginda
1970’lerden beri istikrarli bir artis oldugu, fakat en 6nemli
yiikseligin 2010-2020 periyodunda oldugu goriilmektedir. Az
gibi goziiken bu sicaklik artis1, deniz igindeki fitoplanktonlarin
ve bakterilerin her zamankinden daha fazla tiremelerine ve
¢ogalmalarina sebebiyet vermistir.
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Sekil 6. 1970 ve 2021 Nisan-Agustos donemi ortalama
deniz suyu sicakliklar

Marmara Denizi’nde Nisan - Mayis aylarinda ortaya ¢ikan
miisilaja paralel olarak, farkli zamanlarda fakat ayn1 aylarda
Marmara’daki barajlar ve Kiiciikkgekmece Lagiinii’'nde de alg
cogalmasi goriilebilmektedir. (Istanbul Cevre Durum Raporu,
2021, TMMOB). Ayrica Nisan-Agustos donemi alg
popiilasyonun artmasi yonetilmesi zor olan mevsimsel koku ve
tat problemlerine de yol acgabilmektedir (Celik vd., 2021).
Miisilajda oldugu gibi tatli sulardaki alg patlamalarmin sebebi
de asir1 azot, fosfor yiikiidiir.

Marmara Denizi’nde ilk kez Ekim 2007’de goriilen, 2021
yilinda tekrarlayan ve kilometrelerce alana yayilan miisilaj
sadece gorsel kirlilige sebep olmakla kalmamig, denizlerin
ist, orta ve alt tabakalarinda etkisini siirdiirerek deniz
ekosistemini etkilemis, balik aglarin1 tikayarak balik¢ilik
faaliyetlerine de engel olmustur. Miisilaj biinyesinde sinir
degerleri asan agir metal de barmdirmaktadir. Miisilajin,
ekolojiye, turizm sektoriine, balik¢ilik, ulagim, denizcilik ve
insan sagligina olumsuz etkileri séz konusudur. Miisilajin
yogun bir yapisi vardir. Bu durum miisilajin, deniz yiizeyini
kaplayarak, giines 151811 engellemesine ve deniz altinda
bulunan birgok canlida olumsuz etkiler meydana getirmesine
neden olur. Deniz ylizeyinde bulunan miisilaj deniz dibine
¢okerek canlilarin (balik vb.) solungaglarmi kapatmakta ve
oksijensiz kalmalarina sebep olmaktadir. Denizleri temizleyen
midye vb. gibi canlilarin yiizeylerinin miisilaj ile kaplanmasi
deniz kirliliginin daha uzun siire etki gdstermesine sebep
olmaktadir. Misilaj balik aglarina yapisarak aglarin dibe
¢Okmesine, tekrar yukari ¢ekilememesine ve ayrica tekne
aksamlarinin tahribatina da neden olmaktadir. Miisilajin
denizlerde yarattigi goriintii kirliligi, turizm faaliyetlerinin
yapilmasimni engellemekte ve turistler goriintii kirliligi ve
saglik problemleri endisesiyle deniz turizmini tercih
etmemektedir. Ayrica marina ve limanlarda biriken miisilaj
tesislerin turistik ve lojistik faaliyetlerini engellemektedir.
(Yiksek, 2021).

Miisilaj sorununun sebeplerini belirlemek ve ¢o6ziim 6nerileri
sunmak tizere hizla ¢alismalara baglanmig ve “Basta Marmara
Denizi Olmak Uzere Denizlerimizdeki Miisilaj Sorununun
Sebeplerinin  Arastirilarak Alinmasi1  Gereken Onlemlerin
Belirlenmesi Amaciyla Meclis Arastirmas:  Komisyonu”
kurulmus ve Nisan 2022’de bir rapor yaymlamistir. Bir yandan
Marmara Denizi’nde yasanan miisilaj olayinda kokunun
giderilmesi, gorsel kirlilik ve 151k gecirgenliginin saglanmasi
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icin yiizey temizligi faaliyetleri yapilmistir. Denizlerden
toplanan miisilaj, sizdirmaz araglarla uygun bertaraf tesislerine
taginarak bertaraf edilmistir. Bu baglamda on binlerce metre
kiip miisilaj bertaraf edilmistir. En ¢ok miisilaj Istanbul ve
Yalova’dan toplanmistir. Marmara Denizi’nde 20 May1s 2021
tarihinde miisilaj alan biiyiikligii 12741,94 ha ile en yiiksek
seviyeye ulagmistir. 2 Temmuz 2021 tarihinde ise miisilaj
alanmin biiylikligii 1046 ha alana diiserek en diisiik seviyeye
ulagsmustir. (Cevre, Sehircilik ve Iklim Degisikligi Bakanligi,
2021).

22 Haziran 2021’ de “Marmara Deniz Havzas1 Eylem Plani
Kapsaminda Desarj Standartlarinda Kisitlama Genelgesi”
yayinlanmig ve Istanbul, Bursa, Kocaeli illerinin tamaminda,
sanayi ve evsel atiksu aritma tesisleri i¢in Kimyasal Oksijen
Ihtiyac1 (KOI) parametresinde kentsel atiksularda %20,
endiistriyel atiksularda ise sektorel desarj standardi
belirlenmekle birlikte yaklasik %50 kisitlama yapilmustir.
(Cevre, Sehircilik ve iklim Degisikligi Bakanligi, 2021).
Oztiirk v.d. (2021) tarafindan yapilan bir calismada, kirlilik
yiikiiniin diigiiriilmesi amaciyla 2030 yilina kadar Klorofil-a,
toplam azot, toplam fosfor degerlerinin belirlenen degerlere
indirilmesi ve derinlige bagl olarak belirli ¢dziinmiis oksijen
degerlerinin saglanmasi dnerilmistir (Oztiirk vd., 2021).

Yimin vd (2021), Marmara Denizi’'ndeki miisilajin
sebeplerini arastirmak i¢in Marmara Ereglisi’'nden deniz suyu
ve misilaj numuneleri alarak gerekli caligmalarn
yiriitmiiglerdir. Numunelerin; pH’1, tuzluluk oranlari,
iletkenlikleri, organik madde analizi, oksijen igerikleri ve
elementel analizleri yapilmistir. Marmara Ereglisi miisilaj
olmayan kisimdan alinan deniz suyu numunesinde yapilan
Ol¢iim sonuglarina gore; toplam azot (TN=0,3 ppm), toplam
karbon (TC=36 ppm), inorganik karbon (IC=26 ppm) ve
toplam organik karbon (TOC=10 ppm) degerleri elde
edilmigtir. Benzer sekilde miisilaj olan kisimdan alman
orneklerin  toplam  organik madde konsantrasyonlari
(TOC=329 ppm) ve toplam azot (TN=17 ppm) degerleri
Ol¢lilmiistiir. Deniz suyu verilerinin daha diisiik seviyelerde
oldugu, elde edilen veriler 1s1ginda miisilajin ¢ogunlukla
organik kokenli oldugu, bentik, planktonik alg ve diger
fitoplanktonlara bagli oldugu anlasilmistir.  Miisilajin
¢Ozlinmils oksijen degerinin Olgiilemeyecek kadar az tespit
edilmesi bu ¢aligmanin bir diger 6nemli bulgularindan biridir.
Ayrica ¢aligmada miisilaj igindeki canli tiirlerinin mikroskobik
incelemesi yapilarak miisilaj icerisinde en fazla yesil algler
(Stigeoclonium sp.), ikinci olarak kirmizi algler (Ceramium sp
ve Rhodophyta sp.) ve az miktarda fitoplankton (Pleurosigma
sp.) bulundugu tespit edilmistir (Yiimiin, vd., 2021).

Yildirim vd. (2022), miisilajdan enerji elde edilmesi ihtimalini
degerlendirmistir. Miisilajin nem igeriginin %94-99 oldugu,
tehlikeli ve toksik Ozellikte olmadigi, patojen bakteri
icermedigi, kalorifik agidan yakma ile enerji elde edilmeye
uygun bulunmadigi, yiiksek tuz igerigi nedeniyle tarimsal
amagla dogrudan kullaniminin uygun olmadig: bilinmektedir.
Ayrica disik metan icerigi (%20-25) nedeniyle
biyometanizasyon prosesi (organik atiklarin biyokimyasal
reaksiyonlarla biyogaza donistiiriilmesi islemi) i¢in uygun
olmadigi tespit edilmistir (Yildirim, vd., 2022).

Miisilaj ile ilgili yapilan g¢aligmalar devam etmekte ve
miisilajin olumsuz etkilerine maruz kalmamak ve ¢evreye olan
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zarar1 en aza indirmek i¢in ¢esitli ¢6ziim Onerilerine ihtiyag
duyulmaktadir. Miisilajin tekrar ortaya ¢ikmasinin dnlenmesi
icin, halkin bilinglendirilerek atik yo6netimine katkida
bulunmasi, eylemlerinin sonucunun bilincinde olmasinin
saglanmasi, ¢evreye zarar veren deterjan ve kisisel hijyen
malzemelerinin kullaniminin azaltilmasi ve tesvik edilmesi,
atik su aritma tesislerinin biyolojik ve ileri aritma yontemlerini
icerecek  sekilde  gelistirilmesi, desarj  kriterlerinin
sikilagtirilmasi, deniz ve havza koruma alanlarinin gdzden
gecirilmesi, balik¢ilik faaliyetlerinin etkin denetlenmesi, gemi
balastt ve sintine sularmin  kontroldi, yesil Dbina
uygulamalarinin desteklenmesi, sulara tarim kimyasallarinin
ve glibrelerin karigmasinin Onlenmesi, uzaktan izleme ile
kirlenmenin erken tespiti ve erken miidahale yapilmasina
olanak saglanmasi gibi Oneriler getirilebilir.  Belirli
noktalardan siirekli numune alinarak su kalitesinde meydana
gelebilecek bozulmalarin izlenmesi, bunun yaninda denize
dokiilen akarsu havzalarinda da kirlilik olusturabilecek
kaynaklarla ilgili benzer kirlilik 6nleme tedbirlerinin alinmasi,
yerinde bir yaklagim olacaktir.
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Abstract: Van der Pol Equation is a special case of Liénard equations. Both oscillators have significant historical importance. There
are lots of different circuit topologies for Van der Pol and Liénard oscillators. Such oscillators can be made using vacuum tubes, diodes,
etc. Some oscillators are made using microcontrollers, which are cheap and easy-to-use devices. They provide accurate adjustability
of the frequency and magnitude of the waveforms. Arduino Nano Klon V3.0 microcontroller is a commonly used microcontroller. In
this study, to the best of our knowledge, for the first time in literature, a Liénard Oscillator has been made with the Direct digital
synthesis (DDS) method using the Arduino Nano Klon V3.0 microcontroller and two DACs. The experimental results of the oscillator
are given. The circuit is able to produce the state variables of the oscillator, the effect of quantization can be seen on the waveforms,
and it is shown that it performs well. The two variable outputs of the system let its phase portrait be examined easily. Also, using a
microcontroller helps to design the oscillator in mere a few days.

Keywords: Microcontroller-based circuit design, Liénard Equation, Liénard Oscillator, Van der Pol oscillator, Digital Circuit
Synthesis, Limit Cycle, Circuit Dynamics.

Mikrodenetleyici Tabanh Bir Liénard Osilatorii

Oz Van der Pol Denklemi, Liénard denklemlerinin 6zel bir halidir. Her iki osilator de 6nemli bir tarihsel 5neme sahiptir. Pek ok farkls
Van der Pol ve Liénard osilator devreleri mevcuttur. Bu tiir osilatorler vakum tiipleri, diyotlar vb. kullanilarak yapilabilmektedir. Baz1
osilatorler, ucuz ve kullanimi kolay cihazlar olan mikrodenetleyiciler kullanilarak yapilmaktadir. Mikrodenetleyiciler dalga
bi¢imlerinin frekansinin ve biiyiikliigiiniin dogru sekilde ayarlanabilmesini saglarlar. Arduino Nano Klon V3.0 mikrodenetleyici yaygin
olarak kullanilan bir mikrodenetleyicidir. Bu g¢alismada bildigimiz kadariyla literatiirde ilk defa Arduino Nano Klon V3.0
mikrodenetleyici ve iki DAC denetleyici kullanilarak direct dijital sentezleme (DDS) yontemi ile bir Liénard Osilatorii yapilmistir.
Cikis akimini artirmak igin bir tampon opamp kullanilmistir. Osilatériin deneysel sonuglari verilmistir. Devre, osilatoriin durum
degiskenlerini iiretebilir, kuantalama hatasinin dalga bigimleri {izerindeki etkisi goriilebilmektedir ve bu devrenin iyi performans
gosterdigi gosterilmistir. Sistemin iki degisken ¢ikisi, faz portresinin kolayca incelenmesini saglar. Ayrica, bir mikrodenetleyici
kullanmak, osilatériin sadece birkag giin i¢inde tasarlanmasini saglmaktadir.

Anahtar kelimeler: Mikrodenetleyici tabanli devre tasarimi, Liénard Denklemi, Liénard Osilatérii, Van der Pol osilatorii, Dijital Devre
Sentezi, Limit Déngiisii, Devre Dinamigi.

1. Introduction Van der Pol equation [3, 4]. It does not have any analytical
solutions [5]. That’s why its approximate or numerical
solutions are also still being studied [6]. Liénard's equations
were suggested by Alfred-Marie Liénard in 1928 to model a

The Van Der Pol Oscillator (VDPO), which has been
reported in 1920 [1], made with a triode vacuum tube, is an
ancient and still studied oscillator [2]. It is described by the
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set of oscillating circuits [7]. The Liénard equations define the
VDPO as a special case [2]. Both VDPO and the Liénard
Oscillator are historically important [2, 7]. Analog circuit
implementations of Liénard and Van der Pol oscillators are
commonly used for chaos studies [8-10]. A Liénard Oscillator
or a VDPO can be made using various semiconductor circuit
elements [1, 8- 12]. Liénard Oscillator circuit has numerous
circuit variations. An optical resonance tunneling diode-based
oscillator can also be modeled with the Liénard equation [12].
In [13], a VDPO is made with anti-parallel Schottky-diode
strings. In [14], a VDPO is made with a nonlinear resistance
circuit employing a Schottky-diode bridge fed JFET. An
FPGA-based chaotic van der pol oscillator is made in [15] but
FPGA:s are still expensive devices. An alternative way to make
Liénard and VDPO oscillators is to use the digital direct
synthesis (DDS) method. Such a method is used to make
classical signal generators successfully [16, 17]. The method
is also used to make the signal generators requiring the
solution of the time-dependent state-space equations
numerically in [18-25]. There are already various types of
microcontroller-based power supplies presented in the
literature. In [18], a memristive chaotic circuit is made using a
cheap microcontroller Arduino Mega 2560 R3. An ECG signal
generator using experimental data is made in [19]. An H-R
neuron is emulated with a microcontroller in [20]. The Lorentz
system is emulated with an ARM microcontroller [21]. A
hyper jerk system is emulated with a microcontroller [22].
Lotka-Volterra Equations are solved, and their variables are
emulated with an ARM microcontroller in [23]. A synthetic
ECG Generation is made with an ARM microcontroller in
[24]. In [25], it is shown that an ARM microcontroller-based
EEG signal generator, which makes use of the experimental
data, can be implemented using both its DAC and PWM
outputs. To the best of our knowledge, a microcontroller-based
Liénard Oscillator has not been made yet. Such a circuit can
be built with a cheap microcontroller such as PIC16F877A or
an Arduino Nano Klon V3.0. In this study, it has been shown
that a microcontroller-based Liénard Oscillator can be made
using a cheap, rugged, easy-to-use microcontroller such as
Arduino Nano Klon V3.0 and two DACs for the first time in
the literature. In [18-25], more than one state variables are
solved numerically and exported through either DACs or
digital ports. In this study, Similarly, the discretized variables
of the Liénard system are obtained and the equations are
solved numerically using the Euler method with the
microcontroller program. The solved state variables are sent
out as binary numbers through the digital output ports and their
time-dependent waveforms are obtained using two DACs. The
simulations are done in Simulink™. Then, the circuit is
assembled, and its experimental waveforms are acquired. The
currents, voltages, and limit cycle of the Liénard Oscillator
circuit are presented.

The paper is arranged as follows. In the second section,
basic information on Liénard Equation and Equation System
is given. Also, the discrete-time model of the system using the
Euler equation is given. Some examples of analog Liénard and
VDPO oscillators are given and the microcontroller-based
Liénard oscillator circuit is introduced in the third section. In
the fourth section, its flowchart is presented. In the fifth
section, its Simulink simulation is given. In the sixth section,
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the experimental results of the circuit are given. The paper is
finished with the conclusion section.

2. Liénard and Van Der Pol Equations

In this section, Liénard Equation and Liénard System
Equations are given and briefly explained.

2.1. Liénard's Equation

The Liénard equation has been proposed by Alfred-
Marie Liénard to model a set of oscillators called Liénard
oscillators [7] or Liénard systems and it is given as

%+f(x)%+g(x)=0 ®

where f(x) is an even function and g(x) is an odd function.

It is a second-order differential equation and more about the
definition of Liénard's equation can be found in [5]. Van der
Pol equation is a subset of the Liénard equation and it is

defined as
d’v  a Nav 1

2.2. Liénard System

Let’s define

Xy = x
Xy =S4 F(x) ©)
where

F() =[5 f(©)ds )

With this transformation, the following system is defined as
the Liénard System:

d [X1

] = |

x; — F(x1)
dt LXy

—g(x) ®

Using the Liénard System for programming is more suitable to
design the Liénard Oscillator.

2.3. Discretization of the Liénard System

In this study, it is decided to emulate a Van der Pol
Oscillator since it is also a Liénard Oscillator. For a Van der
Pol Oscillator,

fl) =-1-x% (6)
Therefore,
F(xy) = — [ (1 — £)dE = —x; +x,2/3 7

and, then, the Liénard System is given as

%zxz —F(x) = %, + % — x,2/3 8
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The Liénard System is easier to discretize than the Liénard
equation which would require finite differences. That’s why
the discrete time model of the Liénard System is derived using
Euler method as the follows:

x1[n+ 1] = (x3[n] — F(x1[n])). Ts+x4[n]
(10)

x1[n+ 1] = (xz[n] = F([nD). Ts+x4[n]

xp[n + 1] = —g(x1[n]). Ts+x,[n]
(11)
x2[n + 1] = —g([n]). Ts+x;[n]

where x, [n] and x,[n] are the nth discrete time values of the
state variables of the Liénard System and T is the sampling
time.

3. Examples to Analog Van der Pol and Liénard
Oscillator Circuits and the Proposed Design

In this section, first the generic Liénard Oscillator is
summarized and then the Liénard Oscillator circuit proposed
in this study is introduced.

3.1. A Few Examples to Analog Van der Pol and Liénard
Oscillator Circuits

A Van der Pol Oscillator consists of an inductor, a
capacitor and a nonlinear resistor. Since the Van der Pol
Oscillator equation is a special case of the Liénard equation, it
can be said that the Liénard Oscillator consists of an inductor,
a capacitor, and a nonlinear resistor [2, 9, 11, 13, 14]. The
general (generic) Liénard oscillator or Van der Pol oscillator
circuit can be seen in Figure 1 [9]. Some examples to the Van
der Pol and Liénard Oscillator circuits are shown in Figure 2.

As mentioned before, a nonlinear resistor must be used in the
Liénard Oscillator. The microcontroller-based Liénard
Oscillator made in this study does not need such a nonlinear
resistor, whose nonlinear resistance is an even function of
voltage and it has a simpler topology as given in the next

section.
T
+

L%C NR v

Fig. 1. The generic Liénard Oscillator or the generic Van der
Pol Oscillator circuit [9].
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5

()

Fig. 2. (a) The VDPO made in 1926 [2], (b) A laser-based
VDPO oscillator [11], and (c) An Anti-Parallel-Connected
Schottky Diode String-Based Van der Pol Oscillator Circuit
[13]

3.2. Microcontroller-based Liénard Oscillator

The schematic of the microcontroller-based Liénard
oscillator circuit is shown in Figure 3. It consists of the
Arduino Nano Klon V3.0 microcontroller, and two DACs. The
microcontroller solves the desired state variables of the
Liénard equations X1 and x2 numerically using Euler method to
obtain both x; [n] and x, [n] and sends them to the output using
the DACs and operational amplifiers as shown in the Figure 3.
At the output of the DACs connected to the microcontroller
digital output ports for the time interval, nTy < t < (n + 1)Ty,
the state-variables can be expressed as

X, () = 21 [n][u(t — (n + DT) —u(t —nTy)], (12)

x%(t) = xz[n][u(t — (n + DTy) —u(t —nTy)], (13)
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where u(t) is the unit step function.
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Fig. 3. The Circuit schematic.
4. The Microcontroller Program

The microcontroller is programmed in Arduino IDE
1.8.13. The algorithm of the microcontroller program is given
as the flowchart shown in Figure 4.

x1=001
¥2=0
ts =0.01

——

reset out

!

#1 = anzlogRead(AD)
f= (-1%1) + A 1A W3.0; ts = analogRead(A1)
1y = X1 + (x2 - 4.92*11s; 'L

g=xt;
2y = w2 - wi™s]

!

*1y and x2y are transmit to M
DAC device

!

X1=x1y;
x2=x2y;

L

led. prink{x1, ts)

Fig. 4. Flowchart of the VDPO Oscillator Program.
5. The Oscillator Circuit’s Simulation in Simulink

The circuit is simulated in Simulink. The Simulink block
diagram of the oscillator is shown in Figures 5. x; and x: state
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variables obtained from the Simulink simulation is shown in
Figure 6. The waveforms are in periodic steady state. Phase
portrait of the oscillator is shown in Figure 7.

Gan

E’ x
To Workspace

Clock
Product 1

xt dot

+ 1
+ s

integrator2 To Workspace3
2dot
> L -xz
s
Integrator To Workspace2

Gan1

Fig. 5. Simulink block diagram of the Liénard Oscillator.

0.8 T T T T

06 H 1
04
0.2

0

X1(V)

-0.2
-04

-0.6

08 L I L L I
0 1 2 3 4 5 6 7 8 9 10

(b)
Fig. 6. Time domain waveforms obtained from the Simulink
simulation: (a) x1 and (b) x2 versus time.
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0
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Fig. 7. Phase Portrait of the Oscillator for Van der Pol
Equation: X2 versus Xu.

6. Experimental Results of the Liénard Oscillator

In this section, the experimental results of the
microcontroller-based Liénard Oscillator circuit are given.
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The circuit whose photo is shown in Figure 8 has been
assembled on a protoboard. The experimental waveforms are
acquired by GW Instek GDS-1052-U 50 MHz digital
oscilloscope. The experimental time domain waveforms are
shown in Figure 9. The phase portrait of the oscillator is shown
in Figure 10. As they can be seen from Figures 9 and 10, the
experimental results resemble the simulated ones given in
Figures 6 and 7. The microcontroller-based Liénard Oscillator
is clearly able to produce both of the state variables and
performs well. The effect of quantization on the waveforms
can be seen in Figures 9 and 10. Increasing the DAC
resolutions would result in decreasing the effect of
quantization.

/ A’%.‘,'S‘:g;gga..‘..,‘l 1

Fig. 8. Photograph of the implemented circuit.
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Fig. 9. The experimental state variable waveforms: (a) xu(t)
and (b) x2(t)
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Fig. 10. Experimental Phase Portrait of the Oscillator for Van
der Pol Equation: Xz versus Xi.

7. Conclusions

In this study, a microcontroller-based Liénard Oscillator
is made for the first time in the literature. In this work, a cheap,
rugged, easy-to-use microcontroller Arduino Nano Klon V3.0
microcontroller is preferred for this purpose. Liénard System
equations are solved with Euler method due to its simplicity.
With its DACs, it can produce the state variable signals. The
experimental waveforms and the phase portrait are acquired
with an oscilloscope. The simulations have confirmed that the
circuit operates as a Liénard Oscillator. By modifying its
program for different Liénard oscillators, new types of
oscillator waveforms can be obtained. The desired equations
can be chosen by adding a keypad. By adding potentiometers
to make the oscillator parameters adjustable, it can allow
examination of the effect of the parameters on the output
waveform. The effect of quantization on the waveforms can be
reduced using DACs with a higher resolution.

Since the oscillator waveforms are produced in a hybrid way
(DDS, direct digital synthesis) not in an analog way, the effect
of using different numerical methods such as Euler method
and different Runge-Kutta methods on the oscillator system
can be inspected. Such an oscillator circuit can also be used in
circuit laboratories for educational purposes. Perhaps, in
biomedical engineering laboratories since it is an important
oscillator circuit to model heart or breathing dynamics.

The coupling of the VDPO or Liénard Oscillators are a hot
research area and using a microcontroller-based oscillator
circuit for this purpose can make the examination of the
coupling of such oscillators easier in the future.
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System Engineering-Based Conceptual Design of Indoor
Navigation System of Unmanned Aerial Vehicles
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Abstract: Unmanned aerial vehicles (UAVs) have been become important day by day because of advantages in our life use cases;
specially, they can play important role in the industry 4.0 concept such as automation in production plants. System engineering approach
is planning the design and production phases. Every system, subsystem, component, or mission of the systems are investigated before
project starts and each requirement is set. The investigation of compatibility between systems and products minimizes the risks during
the production phases. This paper proposes the usage of system engineering approach to the conceptual design of an UAV navigation
system which aims to be used in indoor environments. In order to provide autonomous indoor flight, system requirements are set by
using system engineering approach. Then step by step, the basic functions that UAV needs to complete operation are specified. The
required products are listed as a tree and the relation between products and functions are investigated. Thus, the conceptual design of
the UAV indoor navigation system is demonstrated by using of the functional tree, the functions and product relation matrix, the product
tree, and the use cases. Moreover, the system operational requirements are investigated, and the requirement operation phases, modes
and use cases are also determined. Thanks to system engineering, all these complex systems are put together systematically, and the
conceptual design is achieved.

Keywords: Unmanned Aerial Vehicle, Indoor Navigation, System Engineering, Functional Analysis.

Insansiz Hava Araclan icin ic Mekan Seyriisefer Sisteminin Sistem Miihendisligi Tabanli Konsept Tasarimi

Oz: Insansiz hava araglar1 (IHA'lar) hayatimizdaki kullamim durumlarinda sagladig1 avantajlar nedeniyle giin gestikge dnem kazanir
hale gelmistir; 6zellikle iiretim tesislerindeki otomasyon gibi endiistri 4.0 konseptinde 6nemli rol oynayabilirler. Sistem miithendisligi
yaklagimi, tasarim ve iiretim asamalarinin planlanmasidir. Sistemlerin her sistemi, alt sistemi, bileseni veya gorevi proje baslamadan
once incelenir ve her gereksinim belirlenir. Sistemler ve irlinler arasindaki uyumlulugun arastirilmasi, iiretim asamalarindaki riskleri
en aza indirir. Bu makale, kapali ortamlarda kullanilmas: amaglanan bir IHA navigasyon sisteminin kavramsal tasariminda sistem
miithendisligi yaklasiminin kullanilmasini 6nermektedir. Otonom i¢ mekan ugusunu saglamak i¢in sistem miihendisligi yaklagimi
kullanilarak sistem gereksinimleri belirlenir. Daha sonra adim adim IHA'min operasyonunu tamamlamasi igin ihtiya¢ duydugu temel
fonksiyonlar belirlenir. Thtiyag duyulan iiriinler bir agac halinde listelenir ve iiriinler ile fonksiyonlar arasindaki iliski arastirilir. Boylece
fonksiyonel agac, fonksiyonlar ve iiriin iliski matrisi, iiriin agac1 ve kullamm durumlar kullanilarak THA i¢ mekan navigasyon
sisteminin kavramsal tasarimi gosterilmistir. Ayrica, sistem igletim gereksinimleri arastirilir ve gereksinim isletim asamalari, modlari
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ve kullanim durumlar1 da belirlenir. Sistem miihendisligi sayesinde tiim bu karmasik sistemler sistematik bir sekilde bir araya getirilerek

kavramsal tasarima ulagilir.

Anahtar Kelimeler: Insansiz Hava Araci, I¢ Mekan Seyriisefer, Sistem Miihendisligi, Fonksiyonel Analiz.

1. Introduction

Unmanned aerial vehicles (UAVs) have been become
important day by day because of advantages in our life use
cases. Specially, they can play important role in the industry
4.0 concept such as automation in production plant.

Today, many studies are carried out to ensure the navigation of
unmanned aerial vehicles, which we encounter in every field,
by using Image Processing and IMU (Inertial Measurement
Unit) sensors. There are problems that come with this need,
which is generally encountered in cases where there is no or
decreased GNSS (Global Navigation Satellite System) signals.
IMU sensors need an integration process to convert the data
obtained from the sensor into velocity and position data.
However, the fact that the data coming to the sensor is noisy.
This noise could be due to a variety of factors, including
uncertain effects such as interference, temperature changes, or
mechanical vibrations. It causes this noise to integrate over
time and causes measurement drifts that increase over time.
Image processing-based approaches, by providing an
additional source of information about the motion of the
system, fused with IMU measurements to prevent these drifts.
These systems are based generally on Visual Odometry (VO)
or Simultaneous Localization and Mapping (SLAM)
techniques, the images obtained from the cameras are used to
reduce the error in IMU sensor measurements with the help of
different algorithms.

Unmanned aerial vehicles (UAV), which have been
developing rapidly from the past to the present, are frequently
used for both military and civilian purposes today. In addition
to being used in the military for intelligence, surveillance, and
attack missions, they are also used for civilian purposes such
as image collection, observation of a geographical area, data
collection and hobby purposes.

UAVs with such widespread use and expected to form the
backbone of the armies of the future can be managed by an
operator and might have autonomous flight capability.
Unmanned aerial vehicles, which are preferred to fly more
autonomously, need to know their position, speed, and rotation
to perform the tasks they need to do. This is where navigation
systems come into play.

Navigation systems are primarily based on the Inertial
Measurement Units (IMUs) they contain onboard. These
sensors contain at least 3 accelerometers and 3 gyros to
measure the acceleration and angular velocities of the UAV.
Position and velocity are measured by integrating the
acceleration data obtained from the IMU sensor. However, at
this point, a problem called drift error arises due to the noisy
sensor measurements. Although our drift error is small since it
will increase continuously during the integration process, the
margin of error in our measurements will increase over time,

causing us to guess our position incorrectly and might be

resulting in accidents. GNSS signals, altimeters, cameras, laser
rangefinders are frequently used together with IMUs to reduce
the amount of increasing error to make accurate
measurements.

The prevalence and low margin of error of the GNSS satellite
network will make it the number one choice. However, in cases
where GNSS signals are insufficient to reach closed
environments, weaken or even disappear due to environmental
effects, it will no longer be an option to reduce the errors in
IMU sensors. Cameras are generally used to overcome this
problem. Different image processing techniques continue to be
developed by researchers for camera navigation systems
consisting of a combination of one or more cameras.

IMU sensors cause increasing drift over time. However, their
high sampling rate makes them stand out as the first choice for
navigation. On the other hand, although image-based
navigation systems do not cause a problem such as drift, they
are not a standalone choice due to the high processing power
required for image processing and their low sampling rate.

These two systems used together by sensor fusion algorithms
to eliminate the disadvantages of both systems. Researchers
mainly focused on two techniques for navigation with IMU
and image processing-based navigation systems studies. These
two techniques are: 1. Visual Odometry [1,2,3]. 2.
Simultaneous  Localization and Mapping (SLAM)
[4,5,6,7,8,9].

Visual odometry is a process that detects the differences
between sequential images obtained by cameras and converts
these differences into position and velocity information by
image processing algorithms. It is usually [3] performed by
following these 6 steps:

1. Image acquisition (by a single camera, stereo cameras,
omnidirectional cameras)

2. Correction of image distortions caused by external factors.
3. Extraction of the features of objects in the images.

4. Extraction of optical flow vectors from the extracted
features.

5. Estimation of the position and speed of the vehicle used via
optical flow vectors.

6. Updating the old estimations and repeating the whole
process according to the newly acquired estimations.

With this process, the position of the aircraft can be found, and
the velocity of the vehicle can be estimated due to the change
in position over time. Therefore, it can correct the errors that
occur in the IMU sensors.

Unlike visual odometry, in the SLAM technique, a live map of
the current environment is created with the cameras on the
vehicles. The position of the vehicle is determined by the
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changes in the live map. The biggest challenge of the SLAM
technique, which was introduced by H. Durrant Whyte [4] in
1996, is that it needs an accurate map for localization, and it
needs accurate position estimations for mapping. However,
different techniques have been developed to overcome this
difficulty.

The SLAM technique is performed by following the steps
below[3]:

1. First, the initial position of the vehicle is determined as the
starting point, or an estimate is made with high uncertainties
on a map with some predetermined features.

2. When the vehicle starts to move, new predictions are made
through state estimation algorithms (mostly Kalman Filter
algorithms are used) and the position of the vehicle is tried to
be found.

3. The map is updated through the newly obtained images. And
new features obtained by comparing them with previously
known features. These features can include points, lines,
corners, or other structures that are distinct and easily
recognizable. Comparison can be made by feature matching,
feature tracking, determining certain geometric metrics, etc.

4. At the end, the 2nd and 3rd steps are repeated continuously,
allowing the vehicle to map its environment.

In the SLAM technique, position estimation can be made with
increasing accuracy by increasing the accuracy of the live map
over time. The SLAM technique is generally seen as a visual
and LIDAR SLAM.

In both mentioned techniques, the Kalman Filter [7] is
frequently used as the state estimation algorithm. The Kalman
filter is an algorithm that provides to reduce the error rate of
noisy and erroneous measurements obtained from different
sensors by using the mathematical model of the vehicle and to
predict the input and output states of the vehicle which is used
in. In the algorithm, the estimation is made first. Then,
according to this estimate, the differences between the actual
observation and the observation obtained by the predictions
are calculated. According to the resulting state error, the
predicted state is updated. The Kalman filter can be used in
linear systems. However, in more complex, nonlinear systems,
the Extended Kalman Filter (EKF) and the Unscented Kalman
Filter (UKF) are preferred to avoid linearization-related
problems.

Image processing systems, which require high processing
power, have become one of the main work areas of researchers
for navigation, as high processing power has begun to be
obtained with small dimensions. Among these researchers,
Omead Amidi [1] made the position estimation of an
unmanned helicopter with the visual odometry technique he
designed in 1994. This technique was then developed by the
fusion of different sensors and cameras among researchers.

Bryce Ready [2] combined the visual odometry method with
GPS measurements and tested it on micro aerial vehicles
(MAVs5). In the study using the iterative closest point method,
results with over margin of error were obtained unlike Omead
Amidi [1]. The results of the study were verified by comparing
the estimations with the data obtained from the flight log of
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MAV.

Stereo cameras were used in Amidi’s [1] and Bryce’s [2] work.
The requirement to calibrate the stereo cameras before the
flight is an extra problem in large-scale applications. To
overcome this problem, Chaoeli Wang [8] used the advantages
of monocular cameras (accuracy, scalability, low-cost
calculations) overusing a stereo camera and suggested
obtaining image depth feature through ultrasonic or barometric
altitude sensors. He tested and verified the algorithm with a
model helicopter.

Evan Anderson et al. [9] has also developed a new generation
algorithm using VO with GPS/IMU, which requires less
computational power compared to the high computational
power required by the method used by Bryce B Ready [2]. In
the application using UKF, the measurements obtained from
the IMU sensors were fused with the measurements obtained
by the VO method, and the results obtained were tested and
verified on the simulation.

In their paper, Rafik Mebarki et al. [10] propose two methods
for estimating the translational velocity of unmanned aerial
vehicles (UAVs) using only onboard sensing. The first method
is a nonlinear observer designed using Lyapunov synthesis,
while the second is based on the unscented Kalman filtering
technique. Both methods use spherical images and inertial
measurement unit (IMU) data to estimate the velocity without
the need to fully estimate the 3D pose of the vehicle, making
them suitable for use in UAV systems where computational
resources may be limited. The authors demonstrate the
effectiveness of these methods using experimental results, and
plan to use the estimated velocity as feedback to control the
UAV in both indoor and outdoor environments. In future work,
the authors plan to use the Shi-Tomasi algorithm to detect
natural corners in images, rather than artificial circular
landmarks, and to employ two onboard cameras to improve the
accuracy of velocity estimation.

S. Rady [11] presents a vision-based approach for localizing
an autonomous unmanned aerial vehicle (UAV) in the event of
GPS failure. The approach consists of constructing a hybrid
map using reduced features obtained through information-
theoretic analysis, which are represented by local descriptors
with metric positions. The UAV is then localized using the map
on two scales: a fast and coarse topological location is
identified based on image features and local descriptor
matches, while a precise metric position is estimated based on
the topological location and the metric positions of the
features. The approach offers a combination of accuracy and
computational efficiency for UAV localization in emergency
situations.

Daniel Megree [12] has designed a SLAM with IMU based
navigation system that can work both simultaneously and
independently by combining Visual SLAM and Laser Slam
techniques. It was aimed to eliminate the problematic aspects
of both methods. Testing and validation of the system were
done on a quadcopter system. In the tests performed, both
SLAM methods were tested both separately and together.

With EU funding, a micro drone swarm project based on
image-based control was created by Markus Achtelik et al.
[13]. The project aims to produce 3D maps of unknown
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environments with a swarm of autonomously flying drones.
Then, with the maps obtained, the second purpose is to
determine ideal points for surveillance and to locate the
surrounding radio stations with the radio transceivers they
carry. In the tests performed in 3 steps, in the first step, a 3D
map of a disaster area was created with the maps obtained by
3 unmanned aerial vehicles. Then, unmanned aerial vehicles
were sent to the points specified on the maps obtained. In the
last stage, they warned people who might be affected by the
disaster with the radio transmitter they carried. In this project,
the position estimation of the UAVs was obtained by the fusion
of SLAM and IMU sensors.

In his research, Gianpaolo Conte [14] investigated that the
errors in the data obtained with the VO and IMU sensors can
be compensated in the absence of GPS with geo-referenced
satellites and aerial images. In the research where the Kalman
filter is used for sensor fusion, it has been revealed that aerial
images or geo-referenced satellites can be used to compensate
for errors in the navigation system. The system has been tested
and verified on the commercial Yamaha RMAX model
helicopter.

In his study using the SLAM technique, William Power [15]
provided the data obtained from hundreds of previous flights
to be taught to the aircraft by using the structured learning
technique and provided a more accurate position estimation in
the absence of GPS signal of unmanned aerial vehicle swarms.

In brief, it is presented the different navigation methods by
using image processing and IMU sensor measurements. There
are generally two approaches in studies. However, it is seen
that the visual audiometry method is more preferred since it
does not spend extra resources to map the environment. In the
future, we will see navigation systems that can make more
precise predictions with the developing machine learning
technology.

System engineering approach is planning the design and
production phases. Every system, subsystem, component, or
mission of the systems are investigated before project starts
and each requirement is set. The investigation of compatibility
between systems and products minimizes the risks during the
production phases. Functional analysis is an important solution
approach for conceptual design of a complex system [16].

In this paper, the system engineering approach is discussed in
two topics: Mission analysis and functional analysis. The
mission analysis investigates how the operation will be
continued, which functions do the system needs. The
functional analysis investigates what the needs execute the
functions. Image-based navigation systems have designed to
use at places where GNSS is not available. A main problem is
choosing the references to measure movement because the
positioning needs to a reference point to calculate where the
object is in a decided coordinate system. For GNSS
applications, these references are satellites, and the movement
of object is calculated depending on the satellites. To find a
reference, indoor navigation systems use different sensors to
detect environment and find visual or perceptible references to
calculate previous and instant positions. After customer needs
are determined, the system requirements can be set. The
requirements can be handled into two parts: “Phase and
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Modes” and “Operational Specifications”. This paper
proposes the usage of system engineering approach to the
conceptual design of an UAV navigation system which aims to
be used in indoor environments. To provide autonomous
indoor flight, system requirements are set by using system
engineering approach. Then step by step, the basic functions
that UAV needs to complete operation are specified. The

required products are listed as a tree and the relation between
products and functions are investigated. Thus, the conceptual
design of the UAV indoor navigation system is demonstrated
by using of the functional tree, the functions and product
relation matrix, the product tree, and the use cases. Moreover,
the system operational requirements are investigated, and the
requirement operation phases, modes and use cases are also
determined. Thanks to system engineering, all these complex
systems are put together systematically, and the conceptual
design is achieved.

System engineering approach is planning the design and
production phases. Every system, subsystem, component, or
mission of the systems are investigated before project starts
and every requirement are set. The requirements and the
investigation of compatibility between systems and products
minimizes the risks during the production phase. This paper,
the system engineering approach discussed in two topics:
Mission Analysis and Function Analysis. The main purpose of
the separation to these two topics is the Navigation System
project has an operational usage. Mission Analysis
investigates how the operation will be continued, which
functions do the system needs and the Function Analysis
investigates what are the needs to execute the functions. The
work path will be followed is given in the Figure 1. In this
article the related drawings are obtained by using UML
language with PLANTUML [17]. Therefore, all designs are
implemented by a standard approach using programming
language, that is PLANTUML [17].

The preliminary version of the proposed system engineering-
based approach is presented at [18]. The rest of the article is
organized as follows. The next section introduces the proposed
conceptual design. In the last section, some comments and
future directions are given.

(' System Requirement Specifications

Mission Analysis) %
FunctiomAnalysis
- £ Y

Mode / Phase / Use Case Diagram ¢ Functional Tree

\

Functions and Products Relation Matrix )
Prodcut Tree

Functional Block Diagram )

Fig. 1. The Work Path of System Design.
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2. System Engineering-Based Conceptual Design

A system engineering approach to the conceptual design of a
navigation system involves the following steps:

1. Define the problem: Identify the needs and
requirements of the system, such as the intended
environment, the performance goals, and the
constraints on the system.

2. Define the requirements: Specify the detailed
requirements for the system, including performance,
reliability, and other characteristics that must be
satisfied.

3. Development of a conceptual design: Create a high-
level design of the system that meets the identified
needs and requirements. This design should consider
the overall architecture of the system, the sensors
and other components that will be used.

Since the problem already defined, the required phases and
modes are given as follows:

SRS-RPM-1 The system shall has a “Pre-mission” phase
which includes “Device Off” and “Initialization” use cases.

SRS-RPM-2 The system shall has a “mission” phase which
provides operational sustainability and includes “Sensor
Degradation” use case.

SRS-RPM-3 The system shall has a “post-mission” phase
which allows the flight data logging and prepares the vehicle
to maintenance.

In the conceptual design, the required Operational
specifications are given as follows:

SRS-ROS-1 System shall not include GPS. The system will be
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used in indoor operations.

SRS-ROS-2 The system shall work with at least 15cm
precision.

SRS-ROS-3 The system shall be able to continue its operation
in one sensor loss by using other sensors.

SRS-ROS-4 The system should deactivate itself in the case of
multiple sensor loss.

SRS-ROS-5 The system must perceive the obstacles around
and must be avoid them.

SRS-ROS-6 The system should map the environment while
flying.

SRS-ROS-7 The system shall send live telemetry data to
operator or ground control.

SRS-ROS-8 The system shall keep the flight logs into its
storage, and they can be accessible after the flight.

Phase / Mode / Use Case Diagram of The System is given in
Figure 2. There are totally 3 phases: Pre-mission phase,
mission phase and post mission phase. Totally 12 use cases and
8 modes. The detail design of these use cases are not in the
scope of this article. In the functional analysis, at first
functional tree is designed and it is given in Figure 3.
According to the basic functions each representative product
or products are selected, and the Function and Product
Relation Matrix of The System is constructed. It is given in
Figure 4. After that, the Product Tree of The System is
obtained using the Function and Product Relation Matrix of
The System. It is given in Figure 5. The Connection Matrix
between Components and the Functional Block Diagram of
The System are constructed by using completed designs.

- Mission_Phase
[ Pre_Mission_Phase
— [ Mode 4 - Normal Flight A
Mode 1 ) ‘ : g ‘\
}—‘ UC5 - Obtain Position
\ucl - system Off | UCH - Generate Map ‘/
.\L_JCT - Send Telemetry Data ) \i
j g Post_Mission_Phase
s ™
; - [ Mode 5 - Sensor Degredation P -
[ Mode 2 | UC8 - Lidar Degredation ‘\\ o Mede 6 - Data Logging |
| UC2 - Power-Up and System Initialization | UCS - Telemetery Module Problem luc11 - store Map data and telemetery data into system storage |
P ¥ ry P ry ¥ 9
%%7“ | UC10 - Camera Data Loss ) - g
A
I R ' ™ g N
[ Mode 8 | ‘ Mode 3 || ﬁ Mode 7
\ - Deactive ! - Sensor Calibration Mode | ! - Maintenance |
luca - peactive | |ucs-s Calibration Mode | UC12 - Maint )

A

Fig. 2. Phase/Mode / Use Case Diagram of The System.
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Lidar - Visual Inertial UAV Navigation

UAV Navigation System
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To Record Telemetry
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Fig. 3. Function Tree of The System.
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Fig. 4. Function and Product Relation Matrix of The System
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Fig. 7. Functional Block Diagram of The System

3. Conclusions and Future Directions

This article proposed the usage of system engineering
approach to design an UAV navigation system which aims to
be used in indoor environments. To provide autonomous
indoor flight, system requirements are set by using system
engineering approach. Then step by step, the basic functions
that UAV needs to complete operation are specified. Required
products are listed as a tree and the relation between products
and functions are investigated. On the other hand, the systems
operational requirements are investigated, and the requirement
operation phases, modes and use cases are determined. Thanks
to system engineering, all these complex systems get put in
together systematically and the conceptional design done.

In this paper, LIDAR and camera systems are used to meet
requirements but for future works, Wi-Fi based localization
systems or visual references like QR codes [19] can be used to
provide innovative solutions as references to coordinate
systems. Also, these features can have some functions as
maintaining cooperative working of unmanned systems
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Flok Uretimi, Karsilasilan Hatalar ve Coziim Onerileri
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Oz Flok, 0,3-5 mm uzunlugunda ve 1,2-28 dtex inceligine sahip olan kesik elyaftir. Flok, siiet kumas iiretiminde, dosemelik kumas,
hali {iretimi, giysilik, ayakkabi ve canta iretimi, otomotiv sektorii, paketleme, kagit, karton, oyuncak vb. gibi pek ¢ok alanda
kullanilmaktadir. Flok iiretildikten sonra floklama islemine gegilir. Floklama islemi ise, kiigiik elyaf parcaciklarinin yapiskan kapl
ylizeylere saplanmasi ve sabitlenmesi islemidir. Bu islem esnasinda nem miktari, iletkenlik, elektrostatik alandaki ugma siiresi ve topak
miktar1 gibi proses parametreleri, flok kalitesini etkileyen 6nemli parametrelerdir. Flok, farkl elyaf kullanarak yapilabilmektedir.

Bu calisma kapsaminda flok iiretimi baglaminda ayrintili bir literatiir calismasi1 gergeklestirilmistir. Flok iiretiminde 6nemli olan
parametrelerden bahsedilmis ve tiretim siirecinde sik karsilagilan problem ve ¢6ziim 6nerileri sunulmustur.

Anahtar kelimeler: Flok, hata, siiet, poliamid, poliester, tiretim.

Flock Production, Encountered Problems and Solution Suggestions

Abstract: Flock is a staple fiber with a length of 0.3-5 mm and a fineness of 1.2-28 dtex. Flock is used in many fields such as suede,
upholstery fabric, carpet production, clothing, shoes and bags, automotive industry, packaging, paper, cardboard, toys, etc. After the
flock is produced, the flocking process is started. The flocking process, on the other hand, is the process of sticking and fixing small
fiber particles onto adhesive-coated surfaces. During this process, process parameters such as the amount of moisture, conductivity,
volatility in the electrostatic field and the amount of clustering are the most important parameters affecting the flock quality. Flock can
be made using different fibers.

Within the scope of this study, a detailed literature study was carried out in the context of flock production. The parameters that are
important in flock production are mentioned and common problems and solution suggestions are presented in the production stages.

Keywords: Fault, flock, polyamide, polyester, production, suede.

1. Giris gibi proses parametreleri, flok kalitesini etkileyen en énemli
parametrelerdir. Flok, farkli elyaf kullanarak
yapilabilmektedir. Dosemelik kumas sektdriinde kullanilan
stiet kumas i¢in en uygun flok, PA 6.6 elyafi ile tiretilmektedir.
Nem ¢ekme o6zelligi, tusesi, boyanabilirligi ve statik
elektriklenmesi oldukga iyi olan PA 6.6 i¢in olumsuz olan tek

Flok, 0,3-5 mm uzunlugunda ve 1,2-28 dtex inceligine sahip
olan kesik elyaftir. Flok, siiet kumag tiretiminde, dosemelik
kumas, hali liretimi, giysilik, ayakkabi ve canta iiretimi,
otomotiv sektorii, paketleme, kagit, karton, oyuncak vb. gibi
pek ¢ok alanda kullanilmaktadir. Flok iiretildikten sonra parametre maliyetli olusudur. PA 6’nin da nem cekme, statik
floklama islemine gecilir. Floklama islemi ise, kii¢iik elyaf
parcaciklarinin yapiskan kapli yiizeylere saplanmasi ve
sabitlenmesi islemidir. Bu islem esnasinda nem miktari,

iletkenlik, elektrostatik alandaki u¢ma siiresi ve topak miktari

elektriklenme ve tuse ozellikleri iyi olsa da yas hasliklari stiet
kumas i¢in yetersiz goriilmektedir. Ayn1 zamanda PA 6’nin
erime noktasi daha diisiik oldugu i¢in fikse islemi esnasinda
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yiiksek sicakliklara ¢ikildig: i¢in elyafta bozunmalar meydana
gelmektedir. PES elyafindan iiretilen floklar ise daha ¢ok
otomotiv sektoriinde kullanilmakta olup tusesi, nem ¢ekmesi
ve kumays {lizerine sabitlenmesi ¢ok iyi olmamaktadir. Elyafin
statik elektriklenme 6zelligi kazanmast, elyafin nem tutabilme
ozelligiyle de dogru orantilidir. Yani PES liflerinden iiretilmis
olan floklara gore, PA liflerinden iiretilen floklarin daha iyi
olmasinin en 6nemli sebeplerinden birisi de PA liflerinin nem
tutabilme 6zelliginin PES liflerine gore daha iyi olmasindan
kaynaklanmaktadir. Poliester, dis mekan kullanimi igin
idealdir, ancak geri toplama Ozelligi acisindan smirli bir
dirence sahiptir. Ayn1 zamanda PES liflerinin yapisi geregi
diizgiin kesilememesi ve giyotin makinasinin bigaklarinda
korelmelere sebep oldugu da bilinmektedir.

Tiiketici beklentilerini karsilayacak kumas tutumu, uzun siire
dayanim gibi 6zelliklere sahip kumaslara talep her gegen giin
artmaktadir. Bununla birlikte bitmis tiriine katma deger
saglayacak  Ozelliklerin de  kumaslara uygulanmasi
istenmektedir. Bu noktada floklu kumaglar talepleri
karsilamada 6nemli bir yer tutar. Dokuma ve 6rme kumaslara
nazaran dayanimlari daha fazladir. Flok iiretimi bir gesit teknik
tekstil oldugu igin diger iiretim yontemlerine gore farkli hata
tiirleri ile karsilagilir.

Literatiire bakildiginda flok {iretim siireci ve iiriin 6zelliklerine
dair ¢ok fazla ¢aligma ile karsilasilmamaktadir. Coldwell ve
Solomon,  yaptiklarn  ¢alisma  kapsaminda,  proses
degiskenlerinin floklu kumaslarin 6zellikleri {izerine etkisini
incelemiglerdir. Bu ¢aligmada, DC elektrostatik floklama
prosesinde voltaj, elektrot ayrimi, firga hizi, elek gézenek
biiytikligii, floklama hizi, vurus silindiri titresimi olmak iizere
6 adet makine degiskeni, flok elyaf cinsi, uzunlugu ve inceligi
olmak tizere 3 flok degiskeni, yapistirici cinsi,
konsantrasyonu, vizkozitesi, kalinligi ve kuruma kosullari
olmak tizere 5 yapistirict degiskeni ve polietilen film ve
aliminyum folyo olmak {izere iki alt tabaka degiskeni olarak
toplamda 16 farkli degiskenin etkisi 2 faktoriyel deney
tasarimi vasitasiyla arastirtlmistir. Calisma sonucunda 16
bagimsiz degiskenden sadece 3 flok degiskeni ve makine
degiskeninden voltajin floklu kumasin 6zelliklerini etkiledigi
saptanmigtir [1].

Elektrostatik floklama yonteminde bir kilavuz elektrot
makineye dahil edilerek flok yogunlugunun degisimi
incelenmigtir.  Elektrostatik floklamada kilavuz elektrot
kullanilmast  durumunda flok yogunlugunun %7,1-38
araliginda ortalama %18,6 oraninda artt1g1 saptanmustir [2].

Yapilan baska bir ¢aligmada, flok hareketinin bir flok lifi
tizerindeki net yiikten, flok liflerinin bagil nem kosullarindan
ve uygulanan elektrik alan gsiddetinden etkilendigi
bulunmustur [3].

Floklu désemelik kumaslarin aginma dayanimi incelenmis ve
floklu kumasglarin yiizey dayanim Ozelliginin, flok [Lif
yogunlugu ve flok 1lif wuzunluguna bagli oldugu
gbzlemlenmigtir. Floklu kumasglarin siirtme direncinin, flok lif
yogunlugunun azalmasi ve flok lif uzunlugunun artmasi ile
arttigl saptanmugtir [4]. Otomotiv koltuk kilifi alaninda
kullanilmak tizere {iretilen floklu kumaslarin mekanik
karakterizasyonu ve siirtme sonrasi kopma/uzama degerleri,
ayrica dosemelik floklu kumaglar igin tagiyict kumas,
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yapistirict kapli tastyict kumas ve yikanmis floklu kumaslarin
yas ve kuru kosullarda yirtilma mukavemetleri ayrintili olarak
incelenmis ve matematiksel modeller 6ne siiriilmiistiir [5-7].

Floklu iplik iiretimi i¢in portatif floklama makinesi tasarimi ve
imalati yapilmig ve flok iplik iretim parametrelerinin
optimizasyonu i¢in materyal iplik formundayken ve dokuma
kumas halindeyken 6zellikleri incelenmistir [8].

Siiper ince floklu kumas tiretiminde gerekli havlar i¢in siiper
ince poliamid elyaf kullanilmig ve ¢aligma sonucunda
floklama mesafesi azaldik¢a, floklama siiresi ve alan kuvveti
arttik¢a flok yogunlugunun arttigi bulunmustur [9].

Floklu kumas iiretiminde flok i¢inde biikiilmii liflerin geri
kazanilamama problemini elimine etmek igin iiretim proses
parametrelerinin optimizasyonu incelenmis ve flok partileri
icindeki biikiilmiis liflerin geri kazanilamamasi nedeniyle
olusan hatalarn giderilmesi iizerine ¢aligilmigtir. Biikiilmiis
liflerin toparlanma siiresinin kisaltilmas1 amaciyla ayrica
caligmalar yapilmistir [10].

Bu ¢alismada flok iiretimi baglaminda ayrintili bir literatiir
caligmasi gergeklestirilmistir. Diger {iretim tekniklerine gore
daha smirli iiretimi olan flok ve floklu kumasin genel
stireglerinin anlatilmast ve bilinirliginin yayginlastirilmasi
amaglanmistir. Flok tiretiminde 6nemli olan parametrelerden
bahsedilmis ve iiretim siirecinde sik karsilagilan problemler ve
¢ozlim Onerileri sunulmustur.

2. Flok Uretim Siireci

Flok, dogal veya sentetik liflerin giyotin makinesinde istenilen
Olciide kesilmesi sonucu olugan materyaldir. Farkli elyaf
cinslerinden firetilebilir. Endiistriyel olarak pamuk, poliamid,
polyester ve viskon en ¢ok kullanilan elyaf cinsleridir [11].
Floklu kumaslar, tasiyict kumagin su bazli akrilik veya
poliiiretan veya polivinilkloriir yapistiricilarla kaplanmas: ve
bir elektrostatik alanin etkisi altinda tastyict materyale gore
flok liflerinin 6nemli Slgiide dikey olarak yonlendirilmesiyle
iretilir. Daha sonra flok liflerle kaplanmis tastyict materyal
firinda kiirlenir [4].

Flok lifleri tagiyict materyale genellikle mekanik, elektrostatik
veya her iki teknigin bir kombinasyonu ile uygulanir [3]. Diiz
ylizeylerde mekanik floklama genellikle ¢irpici-gubuk
yontemi kullanilarak elde edilir. Bu teknik, yapiskanla
kaplanmus bir tastyici tabakayn titrestirmek icin hizla donen bir
dizi ¢okgen silindirin iizerinden tasiyici tabakanin transferini
icerir. Titresim, lifleri yapistiriciya dagitmak ic¢in kullanilir.
Lifler, tasiyici tabaka {izerine yer¢ekimi ile uygulanir.
Pnomatik floklama, yonlendirilmis bir hava akimi igerisinde
floga uygular. Bu yontem en yaygin olarak otomotiv torpido
g0zii gibi li¢ boyutlu nesneleri kaplamak i¢in kullanilir [12].

Elektrostatik floklama, lifleri yonlendirmek ve dikey
hizalanmalarini desteklemek i¢in bir elektrik yiikii kullanir. Bu
teknik, daha uzun elyafla elde edilen sonuglar1 optimize eder.
Bu yontemde, yapistirict ile kaplanmig tasiyici tabaka, yiiksek
voltajli bir elektrostatik alandan geger. Flok elyafina bir yiik
vermek igin bir elektrot kullanilir. Ykl lifler, elektrik alan
kuvvet ¢izgileri ile hizalanir ve topraklanmig elektrota ¢ekilir.
Flok, yapiskan kapli tastyici tabakaya dogru hareket eder ve
gomiilii hale gelir. Lifler, yogun, tiiylii bir yiizey elde etmek
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icin yiizeye dik olarak yapistirtlir. Elektrostatik floklama
yontemi, li¢ boyutlu nesneler iizerinde iyi bir kaplama i¢in
pnomatik tekniklerle gelistirilebilir [11].

Flok imalati, elyaf kesme isleminin yani sira birka¢ bagka
adimi da igerir. Kesimden sonra flok, isleme sirasinda biriken
yaglardan temizlenir. Istenilen sayidaki renge teknede boyanir
ve daha sonra liflerin elektrik yiikiinii kabul etmesini saglamak
icin kimyasal olarak islenir. Liflerin tamami dielektrik
oldugundan, elektrostatik floklama isleminin ger¢eklesmesi
icin belirli bir miktarda iletkenligin mevcut olmasi gerekir.
Islem tamamlandiginda lifler santrifiijle kurutulur ve ardindan
belirli bir nem igerigine kadar firinda kurutulur. Nem igerigi
iletkenliklerine katkida bulundugundan, flok lifleri higbir
zaman tamamen kurutulmamalidir [11].

3. Flok Uretim Siirecinde Karsilasilan Problemler
ve Coziim Onerileri

Miisteri ihtiyac ve beklentilerini karsilayabilmek, miimkiin ise
daha fazlastmi yapabilme becerisi Kkalitedir. Isletmeler,
iretimlerini maksimum kalite degerlerinde yapmay1 hedefler.
Ancak, kumas iiretimleri birden fazla prosese tabi oldugundan
zaman zaman istenilmeyen tretimler de gergeklesebilir.
Uretim tesislerinde ham maddeden son iiriine kadar olan
siireclerde kullanilmayan yani bosa giden ham madde
kayiplari fire olarak adlandirilir. Isletmeler igin her fire israftir
ve zarardir.

Floklu kumaslarda son yillarda en sik rastlanan hata tiirleri
asagidaki gibidir. Bu firelerin bazilari iiretim esnasinda o an
gelisen ani bir durum ya da operatdrden kaynaklanabilir,
bazilar1 da proses ile ilgili olabilir.

Floklu kumas iretimlerinde siklikla karsilasilan hata tiirleri,
iiretim proses yerine gore asagidaki sekilde siniflandirilabilir.

3.1. Siiet Uretimi Sirasinda Olusabilecek Hatalar
3.1.1 Siiet Abraji

Floklarin diizensiz (sik — seyrek), ezik, yonlii ve krater krater
goriinmesi sonucu olusan hata tiirii olarak bilinir. Flok
liflerinin akis1 sirasindaki dengesizlik, akitilan eleklerdeki
tikaniklik ve delinme, flok liflerindeki statik yiik dengesizligi
kaynakli akig farkliliklari, floklama kabinleri igindeki hava
akimi ve metal yiikii kaynakli farkliliklar siiet abrajina neden
olur.

Siiet abrajini dnlemek i¢in alinmast gereken tedbirler;

-Flok partilerinin standart statik yiikte ve nemde olmalari
saglanmalidir.

-Floklama kabinindeki elek tiirli uygun segilmeli, delik veya
asir1 akig yapabilecek kisimlar engellenmelidir.

-Akisin  kontrolli sekilde yapilmasi takip edilmelidir.
Kabinlerdeki statik yiik diigiikten yiiksege olacak sekilde
ayarlanmalidir. Hazne yiiksekliklerinin istenen flok lifini
saglayacak sekilde ayarlanmasina dikkat edilmelidir.

-Cok fazla ya da ¢ok az flok sermeden iiretim yapilmalidir.
Flok liflerinin hazne ¢eperlerine ve emislere sarmayacak
sekilde tiretim yapilmalidir. Buna dikkat edilmezse ceperlere
saran floklar toplu sekilde iiriin yiizeyine diiserek yiizeyde
abraj ve gorsel bozukluga sebebiyet verebilir.
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Sekil. 1. Floklu kumaslarda siiet abraji.

Sekil. 2. Floklu kumaslarda siiet abraji-seyreklik
hatasu.

3.1.2 Statik Leke

Flok lifi igerisinde kesim boyundan uzun flok lifi ya da farkl
bir lifin (zemindeki kesik elyaf vb.) statik yiik altinda farkli
etkilenip etrafindaki diger lifleri dairesel hareketlerle
yonlendirmesi sonucu olusan noktasal krater goriintiisiidiir.

Uretimde kullanilacak flok lifi partilerinin iglerinde boylar1 ve
statik ytikleri farkli olan tiretim lotlarindan ve zemindeki kesik
liflerin  statik alandan etkilenip etrafindaki floklarin
yonlendirmesinden kaynaklanir. Bunu 6nlemek igin;

-Flok partilerinin kurutma esnasinda elenmesi saglanmalidir.

-Flok liflerindeki statik yiik kontrol edilmelidir. Ceperlere ve
emiglere tutunmayacak sekilde c¢aligmasi gozlenmelidir.
Ozellikle katot iist firca ve elek grubuna sarmamalidir.

-Tastyic1 kumas yiizeyi iplik liflerinin statik alandan etkilenip
yukari dogru dikelmesi engellenmelidir (6n sivama, emdirme,
ezme, gerekirse gaze).

Sekil. 3. Floklu kumaslarda statik leke hatasu.
3.1.3 Kanat fark: ( flok veya hamur kaynakli )

Stiet iiretimi sirasinda sag-orta, sag-sol, sol-orta seklinde
yiizeyde gorsel siklik, seyreklik vb. farklarin olugsmasidir.

Uretim esnasinda yapistirici transfer edilirken ya da flok akist
sirasinda haznelerden flok liflerinin diizensiz akmasi sonucu
olusur.

Bunu 6nlemek i¢in;
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-Yapistiricinin tasiyict kumasa aktarimi sirasinda homojen
ylizey saglanmalidir. Sag—sol—orta gramaja dikkat edilmelidir.

-Flok haznelerinin i¢inde bulunan fircalarda bosluk olmamali;
hazne eleklerinin sag, orta ve sol kenarndan esit flok lifi
akmast saglanmalidir.

-Floklama kabini i¢erisinde hava akiminin floklari1 kontrolsiiz
yonlendirmesine engel olunmalidir.

-Floklama kabini igerisinde tasiyict kumasin, haznelerin
altindaki banttan kaymamasina dikkat edilmelidir.

Sekil. 4. Floklu kumaslarda kanat farki ( kenar-orta-kenar )
hatast.

3.1.4 Bez Cekmesi

Tastyic1 kumagm sivama veya fikseleme iglemleri sirasinda
igneli palete esit tutunmayan kisimlarda potluk veya
marullanma efekti olusturmast ‘bez ¢ekmesi’ olarak
adlandirilir. Floklama kabini igerisinde tastyict kumasta olusan
¢cekme kaynakli potluklar, floklarn farkli ydnlerde
saplanmasina sebep olur. Bu problem iiriin yiizeyinde gorsel
bozukluga sebep olur.

Palette eksik, bozuk veya kirik igne olmasi; igneleme
firgasinin yipranmis olmasi, firgalama baskisinin yetersiz veya
fazla olmasi; kumasin makine girisinde diizgiin verilmemesi,
potluk veya katlanmasi gibi nedenler sonucunda bez ¢ekmesi
gerceklesebilir.

3.1.5 Kirisma

Tasiyict kumas ya da cift kat flok iiretiminde kullanilacak
birinci kat floklu yari mamuliin sarimi sirasinda olusan
katlanmalardir.

Dok sarim ya da menzel kullanilarak yapilan {iretimlerde,
gerilim farki ya da kayma kaynakli kumas toplarinin kirigik
sartlmast sonucu floklu yilizeyin yatmasi, ezilmesi sonucu
meydana gelir.

Bunu 6nlemek i¢in;

-Potans ayarli sarim sistemleri kullanilmalidir. Cap biiyiidiikge
gerilimin sabitlendigi sarima komut veren sistemler tercih
edilmelidir.

-Uretim sirasinda hatlarda olusacak kayma vb. kaynakl
problemler takip edilip dnlenmeli; gerekli durumlarda potluk
onleyici silindir ve agicilarla proses iyilestirilmelidir.

3.1.6 Ek kinisik

Uygulanacak proses oncesi (siiet makinesi, boya veya bask1
Oncesi parti agma vs.) kumag ekleme iinitesinde, zeminlerin
birbirine eklenmesi sirasinda meydana gelen diizgiinsiizliigiin
bicak altindan gegtikten sonra veya boyama ya da baski
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sonrasi {irlin yiizeyine yansimasidir.

Eklenecek zeminlerin egalizelerinin bozuk olmasi, diizgiin
dikis yapilmamasi veya top sarimlarinin diizgiin yapilmamasi
ek kinigikliga neden olabilir.

Sekil. 5. Floklu kumaglarda ek kirisiklik hatast.
Bunu 6nlemek i¢in;

-Kumas birlestirilmelerinin potluk ve kirisiklik yapmayacak
sekilde dikilmesi saglanmalidir (sabitleme {initeli overlok
dikis sistemi proses girisine eklenebilir).

-Tastyict kumag ¢ok elastan igerikli veya 6rme yapisinda ise
diger bir deyisle tasiyict kumasin esnekligi yiiksek ise
floklama kabini tasiyict bant iinitesi yerine igneli tasiyici
(statik yiikten etkilenmemesi igin, igne zincir sistemi teflon
malzemeli kullanilmali) kullanilmasi ek kirisigin en aza
indirilmesine katki saglayacaktir.

-Stiet iiretim prosesinde iretim akig gerilimi kirnigiklik
yaratmayacak sekilde senkron edilmelidir.

3.2. Boyama veya Baski Sirasinda Olusabilecek Hatalar
3.2.1 Boyuna iz

Bask1 ya da boyama sirasinda kumasta ¢6zgii yoniinde olusan
izlerdir.

Kirisma, pot sarim, baski desen sablon izi vb. nedenlerle
kumas yiizeyinde, ya da tasiyict kumas gerilim farkli sebebiyle
(6zellikle 6rme tastyict kumaslarda) halat boyama ya da baski
sirasinda olusur. Bu hatay1 6nlemek igin;

-Tastyict kumas ve sonrasinda boya-baski 6ncesi iiretilen yar1
mamuliin en fiksesinin (en sabitleme) uygun sartlarda
yapilmasi saglanmalidir.

-Baski oncesi 6zellikle 6rme kumaslarin sariminin kanalli ya
da pot olmamasma dikkat edilmelidir. Yine burada, tasiyici
kumasglarin hav yonlerinin baski sirasinda direng olusmayacak
yonde kullanilmasi saglanmalidir.

Sekil. 6. Floklu kumaslarda boyuna iz hatasi.
3.2.2 Boyuna Kirik
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Floklu mamul yiizeyinde halat boya kaynakli olusan mekanik
cizgilerdir.

Halat boyama prosesinde olusan diize tikanmasi, makine
¢ekici silindirinin (haspel) durmasi, kaymasi, makinenin fazla
ya da az su almasi, 1s1 farkliliklar1 sebebiyle boyuna kirik
problemi meydana gelir.

Bunu 6nlemek i¢in;

-Diize se¢imi ve gz basi tur sayisi iiriine uygun yapilmalidir.
Diizeler iiriinii hareket ettirecek, esit sekilde basingla ¢alisacak
ve boyamayr dogru yapacak sekilde caligtirilmalidir (halat
boya sirasinda takilmanin ve durmanin engellenmesi ¢ok
o6nemlidir).

-Boyama diyagrami iriinde kirik yapmayacak sekilde
secilmelidir. Isitma ve sogutma {iriiniin kumas, yapistirict ve
flok tiiriine gore olusturulmalidir. Uriinlerin  baslangig
sicakligindan boyama sicakligina ¢ikis siiresi kademeli ve
diisiik sicaklikta yapilmalidir. Ornegin; poliamid floklu kumas
boyama i¢in kademeli olarak 1 dk.’da 70°C’a sonra 1,2 dk.
102°C’a c¢ikilmali boyama sonrasi sogutma 3 °C/dk. ile 60
°C’a kadar sogutulmalidir.

Sekil. 7. Floklu kumaslarda boyuna kirik hatasi.
3.2.3 Durus izi

Proses sirasinda olusan duruglarmn iriin yiizeyinde gorsel
olarak farklilik yaratmasidir.

Uretim prosesi sirasinda makine arizasi, elektrik kesintisi vb.
sebeplerle olusan duruslarda siklik, seyreklik, ¢izgi, 1sisal renk
degisimi (1s1 kabinlerinde kalan kisimlarda), silindirlerin durus
sirasinda floklu iriin yiizeyini ezmesi gibi nedenlerle kumas
yiizeyinde olusur. Bu hatay1 6nlemek i¢in;

-Plansiz duruslarda 1s1 kabinleri kapaklari agilarak makine
icinde kalan kismin fazla etkilenmemesi saglanabilir.

-Makine planli bakimlar1 diizenli yapilmali ve duruslar
engellenmelidir.

Sekil. 8. Floklu kumagslarda durus hatasi.

3.2.4 Kanat Fark:
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Boyama veya baski sirasinda iriiniin kenarlari ile ortasi
arasinda olugan gorsel farkliliktir.

Boyama sirasinda {irliniin halat formunun i¢-dig olmasi, baski
strasinda baski ayarlarinin uygun olmamasi sebebiyle olusur.

Bunu 6nlemek i¢in;

-Halat boyama prosesinde boyamanin egal ve halat formunun
iriintin tiim yiizeyini dogru boyanacak sekilde olmasi i¢in
dogru haspel ve diize segilmelidir.

-Boyama prosesi ve regetesi yart mamul tipine uygun

olmalidir. Gerektiginde 6n yikama ve nétrolize prosesi ilave
edilmelidir. Uygun 1slaticilar kullanilmalidir.

-Baski sirasinda sag-sol baski ayarlar ile iiriinde esit gorsel
saglanacak sekilde ayar yapilmalidir.

Sekil. 9. Floklu kumaslarda kanat farki hatasu.
4. Sonuclar

Yapilan galismalara bakildiginda floklu {irlin iiretimine etki
eden farkl: faktorler vardir. Genel olarak bir flok tiretim siireci
tagtyict tabakanmn 6n islemi (gerektiginde), yapistirict
uygulamasi, flok uygulamasi, 6n temizlik (fazla floklarin
emme ile uzaklastirilmasi), yapistiricinin kurutulmasi/fiksajt,
son temizlik (emme, fircalama ve/veya doverek fazla floklarin
uzaklastirilmasi) asamalarindan olugmaktadir. S6z konusu
proseslerde herhangi bir {iretim parametresinin degisimi, elde
edilen floklu {iriiniin kalitesine dogrudan etki etmenin yani sira
israfa yol acacak hatalara ve firelere de sebebiyet
verebilmektedir. Elde edilecek nihai iriinler igin tastyict
kumas, yapistirict ve flok tipi ile boyunun se¢iminden
baslayarak her bir adimin kontrol edilmesi ve makine ayarlari,
pH, sicaklik gibi islem kosullarina ait parametrelerin de
kontrollerinin yapilmasi elzem derecede 6nemlidir.
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Abstract: Renewable energy sources are becoming very important in today’s World. Waste heat from industrial processes is very
common in the world and such sources can be used to obtain electric power. Thermovoltaic power sources are getting cheaper and their
electrical power output is getting higher due to technological developments. They have been used with waste heat sources such as hot
water flowing out of factories and to obtain electrical sources. Nowadays, new application areas of thermovoltaic power sources are
being looked for. Samovars, which burn brushwood, are pretty commonly used in rural areas to prepare warm drinks such as tea.
Samovars only supply thermal power to boil water and they can be regarded as low-grade heat sources since they release a considerable
amount of heat to the ambiance. Integrating a thermovoltaic power source onto a samovar would turn it into a voltage source and also
increase its overall energy efficiency. Such a system may allow charging batteries of low power loads such as flashlights and cell
phones in rural areas where it is hard to reach the electrical grid. In this study, a thermovoltaic power source is integrated with a samovar
for the first time in the literature and the performance of such a system is experimentally inspected. It has been found that the system’s
electrical power output is low, the air convection around the semiconductor pairs of the module may be contributing to its low power
performance, and a more complex system model is needed to model it accurately.

Keywords: Samovar, Thermovoltaic Voltage Source, Renewable Energy

Semaver ile Entegre Termovoltaik Gerilim Kaynag

Oz Yenilenebilir enerji kaynaklar1 giiniimiiz diinyasinda ¢ok énemli hale gelmektedir. Endiistriyel proseslerden kaynaklanan atik 1s1
diinyada ¢ok yaygindir ve bu tiir kaynaklar elektrik enerjisi elde etmek igin kullanilabilir. Teknolojik gelismelere bagli olarak
termovoltaik gii¢c kaynaklar1 ucuzlamakta ve sagladiklar elektrik gii¢ artmaktadir. Giiniimiizde termovoltaik gii¢ kaynaklar1 i¢in yeni
uygulama sahalar1 aranmaktadir. Cali ¢irp1 yakan semaverler, kirsal kesimlerde ¢ay gibi sicak icecekler hazirlamak i¢in oldukg¢a yaygm
olarak kullanilmaktadir. Semaverler yalnizca termal gii¢ saglar. Semaverler sadece suyu kaynatmak i¢in termal gii¢ saglarlar ve ortama
onemli miktarda 1s1 saldiklari i¢in diigiik kaliteli 1s1 kaynaklar1 olarak kabul edilebilirler. Bir termovoltaik gii¢ kaynaginin bir semavere
entegre edilmesi, onu bir gerilim kaynagina doniistiiriir ve ayni zamanda genel enerji verimliligini de artirir. Boyle bir sistem, elektrik
sebekesine ulagsmanin zor oldugu kirsal alanlarda el feneri ve cep telefonu gibi diisiik giiglii yiiklere sahip pillerin sarj edilmesini
saglayabilir. Bu caligsmada literatiirde ilk kez termovoltaik bir gii¢ kaynagi semaver ile entegre edilmis ve boyle bir sistemin performansi
deneysel olarak incelenmistir. Sistemin elektrik giic ¢ikisinin diisilk oldugu, modiiliin yar1 iletken ciftleri etrafindaki hava
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konveksiyonunun diisiik gii¢ performansina katkida bulundugu ve sistemi dogru bir sekilde modellemek i¢in daha karmagik bir modele

ihtiya¢ duyuldugu bulunmustur.

Anahtar kelimeler: Semaver, Termovoltaik Gerilim Kaynagi, Yenilenebilir Enerji.

1. Introduction

In the modern world, fossil fuels are used as the main
and most common source to meet energy needs in every field
[1]. Due to the negative environmental effects, high costs, and
limited resources of fossil fuels, it has become necessary to
search for more environmentally friendly, inexpensive, and
easily obtainable energy sources [2]. Apart from the energy
used in energy usage areas, waste heat is released to the
environment as a loss [3]. Low-grade heat accounts for more
than half of the total dissipated heat sources in industries [4].
Efficient recovery of low-grade heat into useful electricity not
only decreases the consumption of fossil fuels but also reduces
its impact on the environment [4]. More information on
thermoelectric devices and their application can be found in
[5]- Reviews on thermoelectric and thermophotovoltaic power
generation systems are given in [6-8]. Thermovoltaic cells are
devices that can be used as renewable voltage sources [4, 5].
They require a temperature difference for their operation [5].
The semiconductor ones are more efficient than others [5, 9].
There are thermovoltaic systems that use waste heat to obtain
electrical power [4, 5, 10-11]. For example, truck exhausts are
also equipped with thermovoltaic cells to obtain extra
electrical power for a truck power system [12]. They require a
maximum power tracking system [13]. New application areas
for thermovoltaic cells are sought [5-8]. Tea is the most
consumed drink in the Republic of Tiirkiye [14]. The samovars
are commonly used tea-preparing devices in the middle-east
region [15]. Their design has been modernized in recent
decades [16]. Samovars are used in rural areas to prepare tea
by burning brushwood such as dry tree branches, straws, etc.
in Tirkiye. To the best of our knowledge, a samovar has not
been integrated with a thermovoltaic generator yet. Such a heat
source can also be designed to have a thermal voltage source
and can be used to charge small devices such as flashlights and
cell phones. The aim of the study is to integrate a samovar with
a thermovoltaic generator and examine its performance
experimentally. Such a system can provide electric power even
during nighttime since it uses brushwood for heating, not
sunlight as a photovoltaic module does. A Peltier module is
used as the thermovoltaic generator. It is mounted on the
samovar. A cooling fin is used to cool down the cold plate of
the module further. A metal mounting part between the
samovar and its hot plate is used to prevent it from
overheating. The experiments are done to measure its electrical
variables and plate temperatures. Its performance is evaluated.

The study is structured as follows. The thermovoltaic
module is introduced in the second section. The samovar and
its integration with the module are explained in the third
section. The experimental results are given in the fourth
section. The study is concluded in the last section.

2. Thermovoltaic Module

TEC1-12706 thermoelectric cooler module operates

with the Peltier effect and is used to make coolers [17]. Its
solder construction can only stand temperatures up to 138 °C.
A TEC1-12706 is integrated into a samovar used as a thermal
thermoelectric generator in this study. Its photograph is shown
in Figure 1.a. Its equivalent circuit, which was given in [18],
is shown in Figure 1.b. The output voltage of the
thermoelectric generator module can be given as

Vree = Voc — Rreelrec (1

where I7zc is the module current, 7z is the output voltage of
the module, Vocis the open circuit voltage of the module, and
Rrec is the equivalent series resistance of the module.

The electric power output of such a module depends on the
surface temperature difference of the module’s ceramic plates.

Q"’\
“%
(@
TEG Circuit  Rrec
Model A ! Corﬂnected
T oad
R
Vo= Itec |\ Vige %RL
(b)

Fig. 1. a) The TEG module used and b) its equivalent
electrical circuit

3. The Samovar with a TEG Module

A photograph of the samovar model used in this study is
shown in Figure 2. The power module has a planer geometry
and it cannot touch the samovar completely since the samovar
has a cylindrical structure. A picture taken by a thermal camera
has shown that the body temperature of the samovar is found
to be higher than its maximum allowable temperature, 138 °C
as shown in Figure 3. That’s why a metal mounting part is used
to connect its hot side plate on the samovar to obtain a
temperature as shown in Figures 2 and 4. Such a part would
decrease the thermal efficiency due to the air regions within
the connecter. A finned cooler can be added to increase the
thermal efficiency of the system as done in a renewable energy
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system [19]. An aluminum radiator is also connected to the
cold side plate of the TEG module to cool it down as shown in
Figures 2, 4, and 5. Such a radiator would help to increase the
temperature difference between the hot and cold plates. A
thermal adhesive is applied to the TEG module in the
mounting process as shown in Figure 6.

(b)
Fig. 4. a) The TEG module, the aluminum heat radiator,
and the samovar, and b) The integration of the TEG
module with the samovar and the aluminum heat
radiator.

Fig. 2. The samovar model integrated with the TEG
module.

Fig. 5. The aluminum heat radiator used.

Fig. 3. The thermal camera view of the samovar system.
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Fig. 6. The gluing of the TEG module with the thermal
adhesive used.

4. Experimental Results and Discussion

The experimental results are given in this section. The
electrical circuit is given in Figure 7 used to measure the
electric power output of the system when the samovar is heated
with brushwood. The devices which are used in the
experiments are given in Table 1.

Table 1. The electrical devices used in the experiments.

Device Brand/Specifications
Voltmeter Proskit MT-1210
Ampermeter Extech EX410A
P Multimeter

. 560 Ohm, 0.52 A
Potentiometer (LH)
Thermoelectric
Module TEC1-12706

The circuit utilizes an adjustable resistor (a potentiometer) to
change the load current. An amperemeter is used to measure
the TEG current, /76, and a voltmeter is used to measure the
TEG voltage, Vrec. A photograph of the electrical
measurement system is given in Figure 8. The output power of
the module is given as

Pout= VTEG' ITEG (2)

The electrical power is a function of the difference between the
cold and hot plate temperatures. The temperature difference
between the plates of the module is given as

AT = Thor — Teota (3)
where Tcota and Thor are the cold and hot plate temperatures.

The ambient temperature, Tgmpiens, Was also measured during
the experiments.

The samovar was lit as shown in Figure 2 and was waited for
it to heat up. The experiments are performed for the various
operation points. The voltage and current of the TEG module
are measured and the output power of the module is calculated
with Eq. (2). The electrical measurements and the calculated
output power are shown in Figures 9-11.

Using Eq. (3), the following temperature differences were
calculated: AT=50.6 °C, AT=64.9 °C, and AT=68.5 °C for
Figures 9-11 respectively.
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Fig. 7. The electrical circuit used for the electrical
measurements.

The electrical power was expected to increase when the
temperature  difference AT increased. However, the
experimental results show that the maximum output power is
obtained for A7=50.6 °C as shown in Figure 9. An explanation
is sought for this. The series resistance of the module is
calculated using curve-fitting to the data given in Figures 9-11.
Rre6 =14.0378 Ohm, Rrec =12.1243 Ohm, and Rrec =12.1243
Ohm have been calculated for the operation characteristics
shown in Figures 9-11 respectively. The higher resistance may
mean that the module’s semiconductor pairs are cooler. The
reason might be that the experiment is done outside and the air
may be flowing through the power model and around the
power module’s semiconductor pairs that result in the
semiconductor pairs being cooled, their output power cannot
be only dependent on the temperature difference of the module
plates in this case, and the wind speed or the convection should
be taken into account. A TEG system model, which combines
the thermal and the electrical systems of the module, is given
in [9] and it is shown in Figure 12. Such a model can be
modified to take the convection into the account to model the
TEG system used here. It has been also found that the value of
the output power is low and its maximum value is found to be
16 mW. The number of the TEG modules must be increased
for more output power.

Fig. 8. The electrical measurement system.
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Fig. 9. The experimentally obtained a) voltage-current
characteristic and b) the voltage-output power of the
TEG module when T3,,=92°C, T.ou=41.4 °C,
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Fig. 10. a) The voltage-current characteristic and b) the
voltage-output power of the TEG module when
T10=99.7 °C, Teota=34.8 °C, Tumpien=19.4 °C, AT = 64.9
OC.
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Fig. 11. a) The voltage-current characteristic and b) the
voltage-output power of the TEG module when
T10i=97.6 °C, Teoia=29.1 °C, Tampien=19.2 °C, AT = 68.5
°C.
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Fig. 12. A more complex TEG system model given in [9].

5. Conclusion
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In this study, a samovar was combined with a TEG module.
The proof is the concept has been shown experimentally. As
long as brushwood is sustainable in a region, such a system
would also stay sustainable. The current-voltage characteristic
and the output power of the system were obtained. When the
temperature difference of the plates is 50.6 °C, the electrical
power obtained is found to be around 16 mW which is pretty
low. More modules are needed to charge a load such as a
cellular phone in an acceptable duration. However, such a
simple system may provide a simple charging solution for cell
phones in rural areas, and, perhaps, using tellurium-based
thermoelectric modules can increase electrical power output
from such a system due to their higher figure of merit (z7)
value, can lower the cost due to higher power output, and
increase the system’s efficiency. Also, the module can be
mounted closer to the samovar to increase its hot plate
temperature and, therefore, its output power without reaching
138 °C. Such a system can provide electric power even during
nighttime since it uses brushwood for heating. Such a system
can increase its efficiency during the night since the ambient
temperature falls down considerably in most of the regions of
Tiirkiye during the night. A better thermal model is needed to
model the performance of the system which takes the
convection into account. As a future work, we suggest that rice
straw burners given in [18] can also be combined with TEGs
to produce electrical power, and the optimization and the
enthalpy analysis of such a system can also be made as done
in [19].
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Mathematical Modeling of the Response of a Buck Converter
to Disturbances
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Abstract:. This study discusses the issues of mathematical modeling of the response of a step-down voltage converter to disturbing
influences, which provides a two-stage transfer of a dynamic system from an arbitrary state to a state determined by the required
output voltage value. Using the method of analytical construction of aggregated controllers (ACAC) with integral adaptation, a
regulator of a buck converter in DC mode (CCM) and a constant frequency of the power switch is synthesized.

Keywords: Buck converter, Continuous current mode (CCM),Control system, Integral adaptation method, Pulse Width Modulation

Diisiiriicii Voltaj Doniistiiriiciisiiniin Bozucu Etkilere Tepkisinin Matematiksel Modellenmesi

Oz Bu galismada, dinamik bir sistemin keyfi bir durumdan, ihtiyag duyulan ¢ikis voltaji degeri tarafindan belirlenen bir duruma iki
asamall bir gecisini saglayan, diisiiriicii bir voltaj doniistiiriiciiniin bozucu etkilere tepkisinin matematiksel modellenmesi analiz
edilmektedir. Entegre uyarlamali birlestirilmis denetleyicilerin analitik yap1 yontemi (ACAC) kullanilarak, DC siirekli akim
modunda ve gii¢ anahtarinin sabit frekans degeri i¢in bir diisiiriicii voltaj doniistiirliclisii sentezlenmistir.

Anahtar kelimeler: Buck doniistiiriicii, Darbe Genislik Modiilasyonu, Integral adaptasyon yontemi, Kontrol sistemi, Siirekli akim
modu

1.Introduction periodic switching of power switches (transistors, diodes),
pulse converters are modern circuits [9,10]. Obviously, the
state changes when the power switch is switched. For this
reason, the mathematical analysis of such circuits is reduced
to solving systems of differential equations at different time
intervals and "stitching" the resulting solutions at the
boundaries of the intervals according to the switching laws.

Switching power supplies are widely used in electronics. By
topology, voltage converters are classified as step-down
(Buck), step-up (Boost) and inverting (Buck-Boost).
Simulation of switching converters reduces the time and cost
of developing the final device [1-6].

Today, many leading manufacturers of PWM controllers offer The calculation is simplified when passing from a sequential
free software (software) that allows for the most accurate solution of systems of equations to an averaged system of
analysis of the reactions of an electrical circuit under the differential equations.

control of their products. The main disadvantage of the
proposed software is the limited ability to analyze the pulse
converter as a nonlinear dynamic object [7,8 ].

The use of a linear controller in nonlinear systems leads to a
limitation of the stability region and the inability to suppress
external uncertain disturbances. In order to expand the
Mathematical analysis makes it possible to describe a pulse- stability area, PID controllers with auto-tuning of coefficients
width converter by various differential equations. Due to the are used. In various operating modes of the object, it can
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switch between Pl, PD and PID controller. Extending the
stability domain is entirely up to the developer. If the
deviation of the system parameters from the calculated ones
increases, or the system switches to an unforeseen mode of
operation, the linear regulator will inevitably destabilize the
system, since the developer did not foresee this. A
breakthrough in these problems was the use of a fuzzy
controller. But fuzzy logic is programmed by the developer
and still does not know the structure of the controlled system.
A distinctive characteristic of a nonlinear controller is the
presence of all parameters of the controlled system. This
allows him to bring the managed object to the specified
parameters despite changes in the state of the system.

In this study, to further study the response of a buck converter
to disturbances, we consider the construction of a basic
mathematical model and simulation in the Matlab Simulink
software package.

2.The Basic Concepts of the Analytical Consruction
Aggregate Controllers(ACAC) Method with Integral
Adaptation

The pulse converter consists of non-linear dynamic objects.
By the type of topology and type of feedback, nonlinear
dynamic objects have complex behavior, including
instability, bifurcations, chaos, etc.

Alisoy et al. / European J. Eng. App. Sci. 5(2), 106-111, 2022

Therefore, the use of linear control laws is not capable of
providing the required stability region for such nonlinear
systems as a pulse-width converter. Mathematical analysis
makes it possible to introduce disturbing influences and, by
solving a new system of equations, obtain a nonlinear control
law [11-14]. To this purpose, in this study analyzes
mathematical modeling of the response of a buck converter to
disturbing influences using the method of analytical
construction of aggregated controllers (ACAC) with integral
adaptation.

The method of analytical construction of aggregated
controllers (ACAC) is based on the principle of "expansion-
compression” of the phase space [11,12]. The main purpose
of this controller is to move from the unpredictable behavior
of the system according to the algorithm of the dissipative
structure to directed motion along the required invariant
manifolds - attractors. From the point of view of the theory of
dynamical systems, this means the transfer of the
corresponding system to a certain final state, regardless of its
previous state.

Let us consider the synthesis of a buck converter controller in
the continuous current mode (CCM) and a constant frequency
of the power switch. The circuit diagram of the buck
converter, shown in Figure 1, contains a capacitor C, an
inductor L, a resistive load R, and two switches, represented
respectively by a field effect transistor and a diode [15-17].

L

mm

Fig. 1. Schematic diagram of the buck converter

Based on the electrical equivalent circuit of the buck
converter, it is easy to notice that it is characterized by the
following three working phases respectively: 1) state Mosfet -
on and state Diode — off; ii)state Mosfet -off and state Diode-
on and iii) state Mosfet and Diode- off.

In continuous current mode, the buck converter is a switching
device that has two operating states. These two states are
taken into account using a logical variable f which can take
two values 0 and 1.

e Vin@®) = (r+ Rop) 1) = Vour (£
(4@ = L
i PRLICETNG o 0
Voue () = V() + Rc(iL(t) - inut(t))

U 7O = (Vin(® = Voue(®) * f = Voue(®) - F - sgn(ir)

1

Where V;,(t) - is the input voltage; i, (t)- is the inductance
current; V,,.(t) - output voltage; i,,; - output current; r -
is the resistance of the inductance winding; C- is the output
capacitance; L- is the inductance, R is the load resistance and
R, is the equivalent series resistance (ESR) of the output
capacitor C. Aswell as f- is a logical variable ; sgn(i;) =
1 if iy >0andsgn(i,) =0 if iy <O0.

In DC-DC converters, one of the most common methods for
controlling the power transmitted to the load is the use of
pulse-width modulation (PWM) [7, 8, 18].

Obviously, the system of equations (1) is designed for a
specific circuitry. Synthesizing the control law for all circuit
solutions is very difficult. The solution should be a single
control action that allows you to change power keys, power
key drivers. Let's simplify the mathematical model by
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assuming that the frequency of the PWM signal is constant,
the transistor is an ideal switch, and the equivalent series
resistance of the output capacitor can also be neglected.

As a result of simplifying the system of differential equations
compiled for an equivalent electrical circuit, elements remain
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in the system, which, regardless of the circuit design adopted
by the developer, will always be in a step-down converter
[5,15]. These elements can be called the main ones, due to
their influence on the dynamics and principle of operation of
the converter. With these assumptions in mind, a simplified
circuit diagram of the buck converter is shown in Figure2

Fig. 2. Simplified diagram of a buck converter

From the point of view of synthesis by the ACAR method,
this is not an adequate solution, since the more complete the
model is written, the more accurate the control action. From a
practical point of view, we will get a control action that allows
you to change the electrical circuit for various tasks without
re-synthesising the controller

Taking into account the control action parameter u, for the
simplified electrical circuit of the buck converter, the
averaged mathematical model can be written as

di 1
( l(;Et) Z(Vm(t) u—r-ig(t) - Vout(t))
dVout 1 (2)
{ ©) = (iL(t) iout(t))

L dt C

Synthesis by the ACAC method is carried out by entering the
desired variable, to the value of which our system is
translated. In our case, the desired variable is the voltage we
set at the output V,(t). The ACAC method should transfer our
system from any state to V.(t) = V,,.(t) by means of
calculating the control action. The input of the desired
variable is carried out in various technique and methods. We
will apply the integral adaptation method. Integral adaptation
involves expanding the phase space by introducing additional

integrators into the system of differential equations. These
integrators actually form the feedback of the system, due to
which the result of the suppression of external disturbing
factors is achieved.

diL 1 .
Ezz(vin'u_lL'R_Vout)
dav, 1
— =l i) =M @
aM
k ar =p(V; = Vour)

The principle of operation of the integral adaptation method
is to find the error value between the given and output voltage.
By changing the values of the variable p , the dynamics of
calculating the error value changes. Since the output voltage
is determined in the second equation of system (3), it is
necessary to subtract M(t) from the entire right side of the
equation. This will increase the system mismatch until the
error (V.(t) — V,y, (t)) becomes zero.

We proceed to the synthesis of the control action, since we
need to stabilize V. (t) located in the second equation, we
enter the first macro variable:

Wi () =i, (t) - d)(Voutf M) )

Where ¢ (V,, M)) denotes internal control Applying the main
functional equation, we have

CR - ’“Ijll(t) + 0(11111(15) =0 (5)
Next, substituting expression (4) into (5), we find the internal

control

1
u=y- (ay - iy + by * Vour + ¢1) (6)
A

In expression (6), the following notations are accepted
L. .
a; = (E &' Vourr M) — T) )
L ! .
by=[L—(1-L+25) ¢ Voue )] :

¢ =1L [(Iu V- M) ' ¢’(Vout' M) + ¢(VoutrM) - al]

It should be noted that as a result of the system entering the
neighborhood of the manifold ¥,(t) =0 , a dynamic
decomposition occurs in the system and the behavior of the
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system will be described by the following system of
differential equations

, 1 %
Vout(t) = E (¢(Vout' M) - E) -M @)
M'(t) = p- (V; = Voue)
We introduce the second macro variable for system (7)
Wy (t) = Voue (t) + B - M(2) ®
Applying the main functional equation, we have
CR ¥, (t) + a,W,(t) =0 9)

Thus, from expression (6), taking into account expression (9),
we obtain

1
u=y- “[(az = b2) - Vour — agVe — czi, —dy - M]  (10)
m

In expression (10), the following notations are accepted

a, =p-[1-B(a; +a;)]-LC;

I T
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_ L(aj+ay+Bu—a,a;RC) L

b, A RZC+1;

c; =71+ L(ay + a — Bu);

dz — ﬂL . [RC(,B//.+a1azRﬁ—al—a2)+1]

The synthesized control action ensures the transfer of the
dynamic system (1) from an arbitrary state first to the
neighborhood of the manifold W, (t) = 0, and then to the
state determined by the required value of the output voltage
V.(t) = Vyyut (t) . The coefficients aq, a,, B and y are tuned
in such a way as to obtain the desired transient. By changing
the value of the coefficients, the time to reach the specified
voltage V,.(t) is regulated.

3.Simulation Results

The physical model of a step-down converter with a control
action obtained from an averaged mathematical model of an
electrical circuit in the Matlab Simulink environment is
shown in Fig.3. The output current and voltage waveforms
obtained from the physical model are shown in fig. 4 and 5.
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Fig. 3: Physical model of a buck converter
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Fig. 4: Output voltage waveform obtained from the physical model
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Fig. 5: Output current waveform obtained from the physical model

4. Conclusion

In the study “Mathematical modeling of the response of a
step-down converter to disturbing influences”, we considered
the issues of mathematical modeling of the reaction of a step-
down voltage converter to disturbing actions, which provides
a two-stage transfer of a dynamic system from an arbitrary
state to a state determined by the required value of the output
voltage.

The suitability of using the method of analytical synthesis of
aggregated controllers with integrated adaptation for a
simplified mathematical model of a buck converter in DC
mode (CCM) and a constant frequency of the power switch is
shown.

The results of the study can be relevant in control systems for
poorly formalized dynamic objects and in decision support
systems for managing nonlinear objects with chaotic modes.
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Dogrusal Hedef Programlama Yaklasim ile Sehir ici Toplu
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Oz. Son yillardaki hizli niifus artis1 ile birlikte, toplu tasimada kullanilan sehir igi otobiislerin sayisinin artmas1 nedeniyle; cevre kirliligi,
gliriiltli, yolcu memnuniyetsizligi, maliyet vb. gibi sorunlar da artmaktadir. Bu kapsamda; otobiislerin giizergahi, otobiis sefer sayis1 ve
siklig1, yolcu tasima kapasitesi, bekleme siireleri gibi faktorlerin planlanmasi biiyiik 6nem arz etmektedir. Toplu tagima ve ulagim
sistemlerinde yapilacak yatirimlarin ekonomik maliyetlerinin ¢ok yiiksek olmasi nedeniyle toplu tasima ve ulagim sistemlerinin verimli
ve rasyonel planlanmasi ve siirdiiriilebilirligi, mevcut kapasitenin optimum kullanilmasi, karar vericiler i¢in kritik bir konudur. Bu
nedenle, ¢evresel, ekonomik ve toplumsal refah boyutlari agisindan sehir i¢i toplu tasima sistemlerinin optimum planlanmasi, verimli
ve siirdiiriilebilir olmasi mutlak bir zorunluluk olarak goriilmektedir. Bu caligmada; dogrusal hedef programlama yaklagimi
uygulanarak, yolcu taleplerini karsilamayi temel alan yeni bir sistem tasarimi gelistirilerek, sehir ici otobiis sefer cizelgeleme
optimizasyonu yapilmistir. Otobiis ulasim sistemi i¢in; sefer sayisi, sefer sikligi, yolcu kapasitesi vb. gibi parametreler agisindan mevcut
durum analiz edilmis olup, giinliik yolcu talebini karsilayan sefer sayist optimizasyon modeli olusturulmustur. Sonugta; optimum sefer
sayist ve sefer sikligr model sonuglar1 degerlendirilmis ve elde edilen maddi kazanimlarin boyutu irdelenmistir.

Anahtar kelimeler: Hat cizelgeleme, Hedef programlama, Optimizasyon, Toplu tasima

Urban Public Transportation Systems Modeling With Linear Goal Programming Approach

Abstract: With the rapid population growth in recent years, due to the increase in the number of city buses used in public transportation;
environmental pollution, noise, passenger dissatisfaction, cost, etc. such problems are also increasing. In this context; it is of great
importance to plan factors such as the route of the buses, the number and frequency of bus trips, passenger carrying capacity, and
waiting times. Efficient and rational planning and sustainability of public transport and transportation systems, optimum use of the
existing capacity are critical issues for decision makers, due to the high economic costs of investments in public transport and
transportation systems. Therefore, in terms of environmental, economic and social welfare aspects, it is seen as an absolute necessity
for urban public transportation systems to be optimally planned, efficient and sustainable. In this study; by applying a linear goal
programming approach, a new system design based on meeting passenger demands was developed and city bus schedule optimization
was performed. For the bus transportation system; number of voyages, voyage frequency, passenger capacity, etc. The current situation
has been analyzed in terms of such parameters, and an optimization model has been created to meet the daily passenger demand. After
all; the optimum number of voyages and voyage frequency model results were evaluated and the size of the financial gains obtained
was examined.

Keywords: Goal programming, Line scheduling, Optimization, Public transport
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1. Giris

Diinyada ve iilkemizde artan niifusa paralel olarak,
Corlu/Tekirdag bolgesi 6zelinde de; artan niifus nedeniyle
toplu tagimada kullanilan sehir igi otobiislerin sayisi artmakla
birlikte; otobiislerin giizergahi, sefer sayis1 ve sikligi, yolcu
tagima kapasitesi, bekleme siireleri vb. gibi faktorlerin dogru
planlanamamasi; toplumsal, ¢evresel ve ekonomik sorunlar
acisindan ¢ok biiyiik 6nem arz etmektedir. Bu sorunlar; fosil
yakitlarla ¢alisan araglarin olusturdugu gevre kirliligi, giiriiltd,
yolcu memnuniyetsizligi ve maliyet 6ncelikli sorunlar olarak
goriinmektedir. Bu kapsamda; verimli ve siirdiiriilebilir bir
toplu tagimanin planlanamamasi, seyahat taleplerinin
kargilanamamasi, toplu tagima sisteminde rotalamanin dogru
yapilamamasi, sefer ¢izelgeleme ve sefer sikliklarmin
planlanmasi konusunda atil kapasitenin olusmasi nedeniyle,
toplu tasima hat ¢izelgeleme optimizasyonu, caligmanin
yapildig1 bolge 6zelinde ivedilikle ¢oziim getirilmesi gereken
onemli bir problemdir. Sehir i¢i toplu tasima sistemlerinde;
yolcu memnuniyetinin yiikseltilmesi amaciyla, sefer sayist ve
sefer sikliginin plansiz bir sekilde arttirilmasi; otobiis isletme
maliyetini (personel, yakit v.b. gibi) artirmakta ve havaya
salinan egzoz gazi emisyonu nedeniyle, toplu tasima kaynakli
hava kirliliginin ¢ogalmasina neden olmaktadir.  Sefer
stkliginin yolcu kapasitesini karsilayamayacak kadar diisiik
olmas1 ise; ekonomik ve g¢evresel agidan avantajlar
olusturmasina ragmen, yolcularin toplu tagima sisteminden
memnuniyetsiz olmasi sonucunu dogurmaktadir. Bu nedenle,
sehir i¢i toplu tagima hat ¢izelgeleme optimizasyonu,
ivedilikle ¢oziim getirilmesi gereken &nemli bir problemdir.
Siirdiirtilebilir bir toplu tasima ve ulagim sistemi i¢in glinliik
(hafta ici ve hafta sonu) sefer sikliklari ¢ok bilyiik 6nem arz
etmekte olup, 6zellikle giin icerisinde maksimum yogunlugun
olustugu saatlerde yapilmas: gereken seferlerin yolcu
taleplerine gore hesaplanmasi gerekmektedir. Bu nedenle
Onerilen sistem tasarimi ve gelistirilen modelin isletim
maliyetlerinin minimize edilmesi, ¢evreye duyarliligin ve
sehir i¢i toplu tagima kaynakli toplumsal refahin maksimize
edilmesi a¢isindan 6nemli faydalar saglayacagi aciktir.

Yapilan ¢aligmada; Corlu (Tekirdag) il¢esinde toplu tasima
(otobiis) ulagim sistemi igin, belirlenen performans
gostergeleri ¢ergevesinde; cizelgeleme ve optimizasyon
modelinin olusturulmasi amaciyla, mevcut durumda tim
otoblis hatlar1 igin veriler incelenmis olup, yolcu
memnuniyetinin en az oldugu hat, uygulamanin
gerceklestirilecegi hat olarak se¢ilmistir.

Belirlenen hat igin; seyahat siireleri, ortalama bekleme
zamanlari, otobiislerin ortalama yolculuk siireleri, otobiis
doluluk oranlari, yolcularin otobiislere homojen dagilimlari,
kullanilan toplam otobiis sayisi, otobiisiin trafige ¢ikis hizi,
ayakta yolcu sayisi, seyahat siirecinde harcanan yakit ve hava
kirliligi etkisi vb. gibi performans &lgiitleri incelenmistir. Bu
kapsamda belediyenin akilli kart sisteminden alinan saatlik,
giinliik, aylik ve yillik olarak elde edilen gegmis verileri ve
anket sonuglari irdelenmistir. Caligmada; sehir igi toplu tagima
sistemlerinde, sefer sikliklarinin belirlenmesi, sefer sayilarinin
optimum seviyesinin tespiti ve bu seferlerin hangi zaman
dilimlerinde ve hangi kapasitede gerceklesmesi gerektiginin
maliyet, ¢evresel etki ve toplumsal refah ekseninde
belirlenmesi amacglanmistir. Dogrusal hedef programlama
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kullanilarak gelistirilen sistem tasarimi ve modelleme
yaklasiminda; sehir i¢i ulagim i¢in ayrilan biitgenin minimum
kalmas: saglanirken, mevcut hizmet kalitesinde ve yolcu-
yiikleme verileri ile en uygun sefer sikligina ve optimum yolcu
kapasitesine ulasilmasi hedeflenmistir. Yapilan c¢alismada;
verimli ve rasyonel bir sefer gizelgeleme sistemi ile yolcu
konforu ile servis maliyeti arasinda bir denge kurulmasi
saglanmistir. Bu dogrultuda, toplu tasima isletim maliyetini
minimize eden ve yolcu memnuniyetini maksimum yapan bir
sistem tasarimi amactyla dogrusal hedef programlama modeli
gelistirilmistir. Gelistirilen sefer sayis1 optimizasyon modeli
“Lingo” yazilimi yardimiyla ¢oziilerek, elde edilen sonuglar,
mevcut durum verileri ile karsilastirmali olarak irdelenmistir.
Calismanin gergeklestirildigi 1 ve 7 numarali otobiis hatlari
pilot hat olarak seg¢ilmis olup; “TEKULAS Ara¢ Takip ve
Koordinasyon Merkezi” verileri gergevesinde gelistirilen sefer
sayist optimizasyon modelinde fayda/maliyet analizi
yapilmistir. Calisma kapsaminda; 2019 yilinda 12 ay ve resmi
tatil glinleri haricinde, 12 ay i¢in hafta i¢i ve hafta sonu olmak
izere tiim glnler i¢in yapilan detayll analizlerde;
gerceklestirilen seferlerin yaklasik % 95” inde mevcut sefer
sayilarinin model sefer sayisindan daha fazla ya da esit oldugu
belirlenmigtir. Mevcut sistem (2019 yili) ve gelistirilen model
sefer sayilari arasindaki farkin; ekonomik fayda (daha az yakit
tiiketimi, daha az bakim maliyeti, daha az personel (siiriicii)
maliyeti ve cevresel fayda (trafikte rahatlama ile birlikte
cevreye verilen zararin minimuma indirilmesi) sagladigi
gorillmiistiir.

2. Literatiir Ozeti

Sehir igi toplu tagima ulagim sisteminin verimliligi, rasyonel
planlanmast ve siirdiiriilebilirligi konusunda detayli bir
bilimsel yazin taramasi yapilmis olup matematiksel ve sezgisel
modellerin  kullanildig1 ¢ok sayida arastirma asagida
Ozetlenmistir. Yapilan ¢alismalarin 6nemli bir boliimiinde [1,
2, 3] ¢ok kriterli karar destek sistemleri, uzman sistemler ve
sezgisel algoritmalar uygulanarak, gilizergahlar boyunca
yiiksek hizmet kalitesiyle yolcularin seyahat siirelerinin en aza
indirilmesi amaglanmistir. Toplu tagima sistemlerinde sefer
araliklarmin ~ belirlenmesinde  kullanilan  yaklasim — ve
hesaplamalar [1, 2, 3, 4, 5] konforsuzluk diizeyi kapsaminda
ayakta seyahat eden yolcular ile iligkilendirilirken, bazi
caligmalarda ise [2, 3, 6] filo biiyiikligi kisit1 konularak
toplam seyahat siirelerini minimum yapan modeller
gelistirilmis olup, yolcularin en kisa gilizergahi tercih etmesi
sebebiyle toplu tagima atama problemlerinin ¢dziimii ele
almarak parametreler incelenmistir. Bazi c¢alismalarda da;
duraklarda bekleme siireleri sabit olarak alinmistir [7,4].
Literatiir incelendiginde; yolcu sayilarinin tahminlerinde
istatistiksel yontemler ya da var olan akilli sistemlerdeki yolcu
sayilar1 g6z Oniinde bulundurularak c¢aligsmalar yapildigi
goriilmiistiir. Incelenen  calismalar Tablo  1°de
gosterilmektedir.

3. Mevcut Durum Analizi

Calisma kapsaminda, Corlu Belediyesi “TEKULAS Arag
Takip ve Koordinasyon Merkezi” tarafindan saglanan veriler
ekseninde, Corlu Belediyesi’nin 2019 yilinda ortalama 22 hat
ile hizmet verdigi goriilmiistiir. Elde edilen verilere gére; 2020
yili Ocak ayma ait hatlar bazinda giinliik sefer sayilari, Sekil
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1’de gosterilmis olup, pilot hat olarak segilen 1 ve 7 numarali
hatlar i¢in sirastyla giinliik ortalama 85 ve 95 otobiis seferi
diizenlendigi belirlenmistir.

Giinliik Sefer Sayilar1 (Ocak 2020)
100

50

1234567 8 910131415171821

Sekil 1. Hat Bazinda Giinliik Sefer Sayilari (Ocak 2020)

Veri analizi gerceklestirilen 1 numarali hat i¢in hafta ici
ortalama yolcu binis sayilar1 Sekil 2’de ve 7 numarali hat i¢in
hafta i¢i ortalama yolcu binis sayilart Sekil 3’te
gosterilmektedir.

"1 No'lu Hat" I¢in Hafta I¢i Ortalama Giinliik
10000 Toplam Yolcu Binis Sayilar1 (Kasim 2019)
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Sekil 2. Pilot Olarak Secilen “1 Numarali Hat” Icin
Giinliik Ortalama Yolcu Binig Sayilart (Kasim 2019)

"7 No'lu Hat" i¢in Hafta i¢i Ortalama Giinliik
8200 Toplam Binig Say11ar1 (Kasim 2019)
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Sekil 3. Pilot Olarak Secilen “7 Numaral Hat” Icin
Giinliik Ortalama Yolcu Binig Sayilart (Kasim 2019)

Pilot olarak secilen 1 numarali otobiis hattina ait 2019 yili
Kasim ay1 i¢in hafta sonu ortalama yolcu binig sayilarinin,
Cumartesi giinii igin 8543 yolcu ve Pazar giinii igin 7114 yolcu
olarak gerceklestigi belirlenmistir. Incelenen 7 numarah
otobiis hattina ait 2019 yil1 Kasim ay1 i¢in hafta sonu ortalama
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yolcu binis sayilarinin, Cumartesi giinii i¢in 5770 yolcu ve
Pazar giinii i¢in 4747 yolcu olarak gerceklestigi belirlenmistir.
Incelenen 1 ve 7 numarah otobiis hatt1 igin 2019 yili ayhk
yolcu binis sayilar1 Sekil 4 ve Sekil 5’te gdsterilmistir.
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Sekil 4. Incelenen “1 Numarali” Otobiis Hatt: Icin
2019 Yili Aylik Yolcu Binig Sayilart
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Sekil 5. Incelenen “7 Numarali” Otobiis Hatti Icin
2019 Yili Aylik Yolcu Binis Sayilar

Sekil 4 incelendiginde 1 numarali hat i¢in en yiiksek yolcu
binis sayismnin 5323 degeri ile Mayis aymda gerceklestigi
goriilmektedir. En diisiik yolcu binis sayisi ise 3948 degeri ile
Haziran ayinda gerceklesmistir. 1 numarali hat icin ait aylik
ortalama yolcu sayist 4655 olarak belirlenmistir. Sekil 5
incelendiginde 7 numarali hat i¢in en yiiksek yolcu binig
sayisinin 3810 degeri ile Subat ayinda gergeklestigi
goriilmektedir. En diisiik yolcu binis sayisi ise 2840 degeri ile
Haziran ayinda gerceklesmistir. 7 numarali hat icin ait aylik
ortalama yolcu sayisini 3333 oldugu gériilmiistiir. Incelenen
1 ve 7 numarali hat i¢in 2019 y1l1 aylik ortalama sefer siireleri
sirastyla Sekil 6 ve Sekil 7°de gosterilmistir.
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Sekil 6. Incelenen “1 Numarali” Hat Icin 2019 Yili
Aylik Ortalama Sefer Siireleri (dk)
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Tablo 1 Sehir i¢i Toplu Tasima Ulasim Sisteminin Modellenmesi Konusunda Yapilan Calismalar

Kullamilan incelenen .
Yazar | Y1l Metodoloji Parametreler Amag Elde Edilen Sonu¢
Gizergah sistemlerini Modelin uygulanmast ile
Iki seviyeli tiireve | Sefer sikliklari, yeniden tasarlayarak yguianma
. 9 toplam ulasim siiresi
[8] 1972 | dayali model Toplam siire, sefer siklig1 azalirken hizmet kalitesinin
kullanilmugtir. Yolcu sayisi optimizasyonu - .
artacagi belirtilmistir.
yapilmasi
‘t]))i?%)n{ciiﬂii?agjie Filo buyukligi, Kisa siirede Parametreler dogrultusunda
[9] 1981 T op Y Odenekler, Ucret, | maksimum yolcu istenilen sefer aralik
¢Oziim algoritmasi . - .
kullanilmistir. Bekleme stiresi taginmasi degerlerine ulagilmistir.
Seferleri planl?yarak Sefer araliklart
Tamsayili . trafik sikigikligini ve - . ..
Sefer saatleri, Lo optimizasyonu ile otobiisler
[10] 1995 | Programlama Yolcu sayisi otobilslerin asiri hatlara daha verimli bir
kullanilmustir. Y kalabalik olmasinin . <
. sekilde dagitilmstir.
engellenmesi
Sezgisel tabanli bir Dolulﬂu k oranl, 1 Otobiis hatlarmin Qergek1e§tlrllen Pygulama
Otobiis kapasitesi, . ile modelin otobiis hatti
[11] 1995 | model yeniden tasariminin .
Kullanlmistir Sefer siklik erceklestirilmesi tasarimi gerceklestirmede
I degerleri gergexies faydali oldugu goriilmiistiir.
0-1 Tamsayil Sefer sikliklarinin ve Cahsma sonucunda"gun,
. N . saat ve lokasyona gore toplu
Programlama Otobiis sefer aralik degerlerinin L
[12] 2002 R . . . tagima taleplerini
yontemi sayisi, Yolcu talebi | verimli olarak eslestirmenin miimkiin
kullanilmugtir. belirlenmesi oldugu belirtilmistir.
Arag, filo, tarife ve
Hedef Siiriicii bagina cizelgeleme Modelin uygulanmasi ile
[13] 2008 Programlama haftalik toplam is, | problemlerini tarife problemlerinde
yontemi Siiriicii bagina aciklayacak bir oldukga yararli oldugu
kullanilmugtir. haftalik izin formiilasyon elde ortaya konmustur.
edilmesi
Genetik Algoritma | Yolcu sayist, Siire, Sef.er glzelg§51nln Algoritmanin uygulanmasi
N . - . optimize edilerek . R -
[14] 2008 | yontemi Siklik degerleri, isletme Kalitesinin ile toplam maliyetin azaldig1
kullanilmustir. Isletme maliyeti 3 goriilmiistiir.
arttirilmasi
Dogrusal Hedef Argg sayisi, Arag Otobiis hatlart icin Dogrusal Hedefn .
Programlama tipi, Toplam sefer . Programlama ydnteminin bu
[15] 2008 R . . optimum sefer siklik .. R
yontemi stiresi, Sefer siklik deserinin bulunmast problem i¢in etkin ¢dzim
kullanilmustir. degeri & sundugu gosterilmistir.
Dogrusal Hedef Sefer"51k11g1, O:[obus sefer saylarint Uygulanan model ile sefer
Programlama Otobiis filo diizenleyerek sabahlari savilan azaltilmis bu
[16] | 2010 | roeran bilyiikliigii, Otobiis | otobiis kaynakli Y }
yontemi Kamasitesi. Hat olusan trafidin dogrultuda trafik ve toplam
kullanilmugtir. DasItest, ¥ & maliyette azalmistir.
sefer stiresi, Talep | azaltilmasi
Uygulama, farkli
Sezgisel Tabu Toplu tagima rotalarina | biiyiikliikteki otobiislerin
Aragtirmasi ve Seyahat maliyeti, en uygun otobiis farkli rotalar ile
[17] 2012 | Hooke-Jeeves Kapasite, Sefer kapasitesinin bu ve eslestirilmesinde modelin
algoritmasi aralik degeri sefer araliklarinin kullanilabilecegi ortaya
kullanilmugtir. diizenlenmesi konmustur.
Dogrusal Hedef
Dogrusal Hedef Degisen yolcu talebi Programlama ydnteminin
[18] 2012 Programlama Sefer sayilari, karsisinda optimum ulagim mithendisligi
yontemi Yolcu sayilari sefer sikliginin acisinda da kullaniglt bir
kullanilmistir. belirlenmesi yontem oldugu ortaya
konmustur.
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Sekil 7. Incelenen “7 Numaral” Hat I¢cin 2019 Yili
Aylik Ortalama Sefer Stiveleri (dk)

Sekil 6 incelendiginde 1 numarali hat i¢in en diisiik ortalama
sefer siiresinin Nisan ayinda gergeklestigi (53.28 dk), en
yiiksek ortalama sefer siiresinin ise Ekim ayinda gerceklestigi
(61.94 dk) goriilmektedir. 1 numarali hat sefer siireleri
ortalamast 57.83 dk olarak elde edilmistir. Sekil 7
incelendiginde 7 numarali hat i¢in en diisiik ortalama sefer

Yolcu ve isletme Talebin belirsiz oldugu
. . L ) Caligma sonucunda toplu

[19] 2013 Genetik Algoritma | maliyeti, Filo durumlarda optimum tasima maliyetlerinin

kullanilmugtir. sayisi, Seyahat sefer sikliginin - : .
L . . azaldig1 belirlenmistir.
siiresi belirlenmesi
Belirli bir hat
Tamsayil1 Dogrusal .. icerisindeki Model 13 hatli bir sistemde
Otobiis sefer . . . v
[20] 2014 | Programlama saatleri otobiislerin arasindaki | denenmis ve gecerliligi
kullanilmugtir. zaman araligini ortaya konmustur.
belirlenmesi
Otobiislerin sefer
Dinamik Otobiis varisg araligiin maksimize — . .
. . Onerilen sisteminin daha az
Programlama stiresi, Otobiis ederek karin . .

[21] 2015 R . 9 bekleme siiresi ve esneklik
yontemi sefer araligi, Yolcu | arttirilmasi ve yolcu sadladis: edriilmiistiir
kullanilmustir. bekleme siiresi bekleme siiresinin gladigr g Stuf.

azaltilmasi
Dogrusal Hedef Yontem ile sefer sayilart
Sefer sayilarini . -
Programlama Sefer sayisi, Yolcu . . .. optimize edilmis, kar

[22] 2017 R . diizenleyip optimize . o
yontemi say1st edilmesi miktarinin arttig1
kullanilmaktadir. goriilmiistiir.

Otobiis kapasite ve rotalar1
Genetik Algoritma Otobiis rotalar1 ve g0z Oniine alinarak sefer
N . Yolcu bekleme .
[23] 2017 | yontemi L - | sefer sikliklarinin sikliklarinin optimize
stiresi, Sefer siklig1 . . . [
uygulanmuistir. optimize edilmesi edilebildigi ortaya
konmustur.
AA tabanli bir modelin sefer
Sezgisel Armoni Isletme ve Kenti¢i otobiis aginda | sikligi optimizasyonunda

[3] 2018 | Arastirmasi kullanici maliyeti, | sefer sikliklarinin etkin olarak

uygulanmugtir. Talep miktar1 optimize edilmesi kullanilabilecegi
belirlenmisgtir.
IVU.Plan programi Yol aglari, hatlari, | Sefer siire ve Sefer sayilarinin azaldigi ve

[24] 2021 | ile optimizasyon Isletme verileri ve | sayilarinin verimlilik artist
uygulanmustir. calisma kurallart belirlenmesi goriilmiistiir.

Yapay Sinir Ag.l'arl Y.olcq, durma . Yapay Sinir Aglar1 daha
ve Destek Vektor siiresi, Duraklar Duraklar arasindaki L .
[25] 2022 - . dogru tahmin sonuclari
Regresyonu arasindaki siire, siirenin hesaplanmasi S
saglamistir.
uygulanmigtir. Hava durumu
stiresinin Haziran ayinda gergeklestigi (52.09 dk), en yiiksek
65 - ortalama sefer siiresinin ise Ekim ayinda gergeklestigi (60.72
60 1 56,54 53,64 dk) goriilmekte olup, hat sefer siireleri ortalamasi 55.94 dk
55 b 53, olarak elde edilmistir. Calismada ayrica 1 numarali hat igin
ara¢ kapasitesi degerleri ve yolcu binis sayilar1 verisi
50 incelenerek; aylik sefer doluluk oranlari (%) hesaplanmistir
45 = (Sekil 8).
¥ % L5 25383 EE =
S 2 =2 & § E 2 & w3 g Sekil 8’de gosterildigi gibi en yiiksek doluluk orani ortalama
T Qo < degeri Ocak (0.71) aymnda elde edilmistir. En diisiik doluluk

oran1 degeri ise Haziran ve Agustos aylarinda (0.58)
gerceklesmistir. Incelenen 7 numarali hat igin aylik ortalama
doluluk oranlart hesaplanmis ve sekil 9’da verilmigstir. 7
numarali hat i¢in y1llik ortalama kapasite kullanim orani degeri
0.57 olarak bulunmustur. Sekil 9°da goriildiigii gibi en yiiksek
doluluk orami ortalama degeri Ekim (0.70) aymnda elde
edilmistir. En disiik doluluk orani degeri ise Agustos ayinda
(0.43) gergeklesmisti
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Sekil 8. Incelenen “1 Numarali” Hat Icin 2019 Yili Aylik
Doluluk Oranlari (%)

TEMMUZ Eeeeessssssee——— 0,47
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Sekil 9. Incelenen “7 Numarali” Hat Icin 2019 Yili Aylik
Doluluk Oranlar:

4. Yontem

Yapilan ¢aligmada; Corlu Belediyesi sehir i¢i toplu tagima
sefer sayilarinin optimum planlanmasi ve ¢izelgelenmesi
amaciyla, giinliik seferler incelenmis olup, sistem veriminin
arttirtlmast  ve atil  kapasitenin minimize edilmesi
planlanmigtir. Bu amagla; pilot olarak segilen 1 numarali
otobiis hatt1 i¢in dogrusal hedef programlama yaklasimi
uygulanarak sefer sayis1 optimizasyon modeli gelistirilmis ve
maliyet eksenli kazanimlar agisindan ay ve yil bazinda detayli
analizler yapilmistir. Pilot olarak segilen 1 numarali hat igin
giinliik sefer sayilarinin degisken oldugu tespit edildiginden, 1
saatlik araliklarla ¢aligma dilimleri igerisinde otobiis
kapasiteleri, hat sefer siireleri ve yolcu talepleri incelenerek
hesaplanan optimum sefer sayilari sonrasinda; optimum sefer
sayilar1 belirlenmis ve elde edilebilecek yakit, bakim ve
personel maliyeti eksenli maddi kazanimlar hesaplanmustir.
Yolcu talebi ile arag arz1 arasinda uygun eslesme yapildiginda,
kullanilan ara¢ sayisin1 minimize edecek ve mevcut yolcu
talebine cevap verebilecek dogrusal hedef programlama
yaklasimi  kullanilarak, bir sefer c¢izelgeleme modeli
gelistirilmistir.

Cok amagli programlama modellerinden olan dogrusal hedef
programlama, birden ¢ok optimizasyon amact igin, spesifik
sayisal bir hedef belirlenmesini ve hedeflerden istenmeyen
sapmalari  minimum  yapan  ¢Oziimii  aragtirmayi
amaclamaktadir. Bir dogrusal programlama modelinde yer
alan kisitlayicilar ve amag fonksiyonlari, hedef programlama
modelinin sadece kisitlayici kiimesini olusturur. Dogrusal
hedef programlama modelinde, amag¢ fonksiyonlari igin
ulagilmak istenen hedeflerin belirlenmesi gerekir. Hedefleri
belirlen amag¢ fonksiyonlar1 bir esitlik halinde kisitlayici
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kiimesine eklenir. Bu islem, her bir hedef fonksiyonu igin
sapma degiskenlerinin tanimlanmasin1 gerektirir. Sapma
degiskenleri, hedef fonksiyonlarinin hedeflerden ne kadar
uzaklagtigiin dl¢iilmesini saglar. Sapma degiskenleri, negatif
ve pozitif sapma olarak iki kisimda ele alinir [26].

Modelin karar degiskeni “Corlu Belediye’sine ait sehir i¢i
otobiis hatlart i¢in sefer sayilar1” olarak belirlenmistir. Model
amag¢ fonksiyonu ‘“hedef kisitlara ait pozitif sapma
degiskenleri toplaminin minimize edilmesi” seklinde esit
oncelikli olarak olusturulmustur. Modelin hedef kisitlar1 iki
adet olup; “giinliik yolcu talep degerine bagli olan kapasite
kisit1 ve glinliik calisma siiresine bagli siire hedef kisit1” olarak
belirlenmistir. Modelin sistem kisitlar1 belirlenirken “her
hattin otobiis sefer siirelerini, her otobiis hattinin aldig1 yol
uzunlugunu ve otobiis tasima kapasitesinin o hattaki yolcu
talebini karsilamasi1” bir baska degisle; pilot otobiis hatti
olarak segilen hat i¢in “otobiis filosunun belirlenecek olan
sefer sayist degerlerinde calisarak, o hatlardaki yolcularin
tamamina hizmet edebilmesi” model sistem kisitt olarak
almmugtir. Calisma kapsaminda gelistirilen “dogrusal hedef
programlama modeli” “Lingo” bilgisayar programi
kullanilarak ¢oziilmiis olup, mevcut yolcu talebini karsilayan
optimum sefer sayilari bulunmustur. Gelistirilen sefer sayisi
optimizasyon modelinde; pilot olarak secilen 1 numarali
otobiis hatt1 i¢in; otobiis sefer siireleri, otobiis hattinin aldigi
yol uzunlugu ve otobiis tagima kapasitesinin hattaki yolcu
talebinin karsilanmasi parametreleri temel alinmustir.

5. Bulgular

Caligma kapsaminda incelenen 1 ve 7 numarali hatlar igin
gelistirilen sefer sayisi optimizasyon modeli, mevcut durum
analizinde elde edilen veriler ekseninde; en yogun sefer
sayisinin gerceklestigi hafta i¢i ve hafta sonu giinleri igin
orneklem alinarak olusturulmus ve optimum sefer ¢izelgeleme
gergeklestirilmistir (Tablo 2 ve Tablo 3).

Tablo 2 incelendiginde 1 numarali otobiis hattina ait aylik
ortalama yolcu sayisinin 4655 oldugu goriilmektedir. Veriler
analiz edildiginde 1 numarali hat i¢in sefer siireleri ortalamasi
57.83 dk olarak elde edilmistir. Orneklem alman seferlerin
ara¢ kapasite ortalamasi 71 yolcudur. Orneklem alman
tarihlerde yapilan seferlerin ortalama sayis1 81 iken modele
gore 76 olarak ortalama deger bulunmustur.

Tablo 3 incelendiginde 7 numarali hat i¢in aylik ortalama
yolcu sayisinin 3333 oldugu goriilmektedir. Veriler analiz
edildiginde 7 numarali hat sefer siireleri ortalamas1 55.94 dk
olarak elde edilmistir. Orneklem alinan seferlerin arag kapasite
ortalamasi 71 yolcudur. Orneklem alman tarihlerde yapilan
seferlerin ortalama sayis1 64 iken, modele gore ortalama sefer
say1st 58 olarak bulunmustur. Sekil 10’°da incelenen 1 numarali
hat i¢in, mevcut durum ve gelistirilen sefer sayisi
optimizasyon modelinden elde edilen sefer sayilarinin
degisimleri gosterilmektedir. Ekim (2019) aymda pazartesi
giinii alinan 6rneklem ve Mart (2019) ayinda pazartesi giinii
alman 6rneklemde mevcut durum ve gelistirilen model sefer
sayilari arasinda, %1.25 ve %2.3 degisim hesaplanmis olup,
mevcut duruma gore sefer sayisinin arttirilmasi ihtiyaci ortaya
¢tkmistir. Nisan (2020) ay1 i¢in alman 6rneklemde mevcut
durum ve model sefer sayilar1 birbirine esit olarak
bulunmustur.
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Tablo 2 Iincelenen “1 Numarali” Hat igin Orneklem Almarak Gergeklestirilen Sefer Analizleri

Orneklem Orneklem Ortalama Yolcu Ortalama Giinliik Giinliik Mevcut Model giinlik ~ Degisim
Tarihi Giini Arag Sayist Sefer Siiresi ~ Ortalama Ortalama Durum Sefer (%)
Kapasitesi (adet) (dk) geg!?sL:(adet) (S;kf;:r Siiresi S;rélrﬁk Sayisi(Adet)
Say1si
(adet)

17.01.2019  Persembe 67 4826 59.79 4541 62.87 82 72 12.2(-)
6.02.2019  Carsamba 67 4671 61.74 4584 55.64 81 75 7.4(-)
11.03.2019  Pazartesi 65 5302 57.25 4351 57.06 80 81 1.25(+)

11.04.2019 Persembe 68 4650 49.41 4641 53.28 86 86 0
24.05.2019 Cuma 69 4507 56.64 5323 58.62 79 76 3.80(-)
15.06.2019  Cumartesi 70 4187 57.75 3948 58.58 77 72 6.49(-)
14.07.2019 Pazar 70 3456 53.6 4357 55.4 83 77 7.22(-)
20.08.2019 Sal1 67 5327 57.01 4149 59.93 90 80 11.11(-)
27.09.2019 Cuma 73 5088 53.19 5090 56.56 82 74 9.75(-)
7.10.2019  Pazartesi 74 5465 56.36 5068 61.94 87 89 2.3(+)
30.11.2019  Cumartesi 79 4833 58.38 4912 57.07 70 65 7.14(-)
15.12.2019 Pazar 76 4115 57.7 4893 57.11 70 67 4.29(-)

Tablo 3 Incelenen “7 Numarali” Hat I¢in Orneklem Alinarak Gergeklestirilen Sefer Analizleri
Orneklem Orneklem Ortalama  Yolcu Ortalama Giinliik Giinliik Giinlik  Model  Degisim
Tarihi Giinii Arag Miktar1 Sefer Stiresi Ortalama  Ortalama Sefer Sefer (%)
Kapasitesi (dk) Yolcu Sefer Siiresi  Sayisi Sayis1
Sayisi (dk)

4.01.2019  Pazartesi 75 4355 56.68 3580 57.25 70 60 14.28 ()
21.02.2019  Persembe 71 4368 55.76 3810 56.54 68 61 10.29(-)
9.03.2019 Cumartesi 82 2404 53.7 3372 54.17 54 50 7.4(-)
16.04.2019 Sali 73 4001 5451 3723 53.64 66 57 13.63(-)
3.05.2019 Cuma 73 4702 56.77 3513 53.34 73 63 13.69(-)
30.06.2019  Pazar 71 1986 53.29 2840 52.09 60 54 10(-)
10.02.2019  Carsamba 75 2993 53 2889 55.48 68 60 11.76(-)
22.08.2019  Persembe 75 3306 51.86 2767 55.75 64 59 7.24(-)
2.09.2019 Pazartesi 72 3579 58.68 3456 56.57 62 53 14.5(-)
26.10.2019  Cumartesi 63 2604 54.05 3036 60.72 57 56 1.75()
12.11.2019  Sah 61 4045 57.36 3399 56.28 74 67 9.46(-)
29.12.2019  Pazar 60 1871 56.51 3608 56.39 55 51 7.27(-)
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Sekil 10. Mevcut Durum ve Sefer Sayisi Optimizasyon Sayist Modeli I¢in Giinliik Ortalama Sefer Sayilar: (1 Numarali

Hat)

incelenen 7 numarali hat i¢in, 6rneklem alinan tiim zaman
periyotlart i¢in mevcut durum ve gelistirilen optimizasyon
modeli sefer sayilar1 Sekil 11°de gosterilmistir.
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Sekil 11. Mevcut Durum ve Sefer Sayis1 Optimizasyon
Sayis1 Modeli I¢in Giinliik Ortalama Sefer Sayilar (1
Numarali Hat)

Incelenen 1 numaral hat igin yapilan analizler, y1l bazinda
genellestirildiginde; yillik toplam maliyet kazanct 135452,5
TL olarak 6ngoriilmektedir. Incelenen 1 numarali hat igin,
yillik bazda bakim, personel ve yakit maliyeti kazanglarmin
oransal dagilimi incelenmis olup Sekil 12°de gosterilmektedir.

Personel
18%
’ Bakim
A 8%

Yakit
74%

Sekil 12. Incelenen “1 Numarali” Hat Igin Yillik Bazda
Bakim, Personel ve Yakit Maliyeti Kazanglarmin
Oransal Dagilimi (%)

Yeni sistem tasarimi ile gizelgeleme yapilan 7 numarali hat
icin giinliik analizler, y1l bazinda genellestirildiginde; yillik

toplam  maliyet kazancinin  129352,5 TL olacag

ongoriilmektedir. Incelenen 7 numarali hat igin yillik bazda
bakim, personel ve yakit maliyeti kazanglarmm oransal
dagilimi incelenmis olup Sekil 13°de gosterilmektedir.

Personel
18%

Bakim
8%

Yakit
74%

H Personel  Yakit

B Bakim

Sekil 13. Incelenen “7 Numarali” Hat Igin Yillik Bazda
Bakim, Personel ve Yakit Maliyeti Kazanglarinin
Oransal Dagilimi (%)

Caligmada gergeklestirilen analizler gergevesinde; gelistirilen
sefer sayisi optimizasyon modeli ile giin i¢erisinde yapilan bos
seferlerin minimize edilerek, bu kapsamda olusan maliyetin
azaltilmasi saglanmis ve sistemin verimi artirilmistir.

5. Tartisma ve Sonuclar

Yapilan ¢alismada; Corlu/Tekirdag bolgesinde, verimli ve
stirdiiriilebilir bir toplu tasima planlamasi gerceklestirilmis
olup, miisteri talep, beklenti ve memnuniyetlerinin en
iyilenmesi icin caligmalar yapilmis ve mevcut durum ve
gelistirilen sefer sayisi optimizasyon modeli cergevesinde,
ekonomik, ¢evresel ve toplumsal agidan elde edilen tasarrufun
boyutu degerlendirilmistir. Ayrica; personel ihtiyaci, hava
kirliligi ve ozellikle trafik yogunlugu acisindan, sehir ici
araclarin yaptigi seferlerin direk yada dolayli olarak etkilemesi
bakimindan seferlerin optimum seviyede yapilmasinin énemli
fayda sagladigi belirlenmisti. Bu kapsamda yapilan
¢alismada; verimli ve rasyonel bir sefer ¢izelgeleme sistemi ile
yolcu konforu ile servis maliyeti arasinda bir denge kurulmasi
saglanmistir. Gelistirilen sefer sayist optimizasyon modelinde
“Tekulas Ara¢ Takip ve Koordinasyon Merkezi” tarafindan
sunulan 2019’a ait veriler kullanilmigtir. Gelistirilen model ile
gilin igerisinde yapilan bos seferlerin minimize edilmesi
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saglanmis ve bu kapsamda olusan maliyet minimize edilerek
sistemin verimi artirilmistir. incelenen 1 numarali hat igin
orneklem alinarak gerceklestirilen sefer analizlerinde sefer
sayilarinin en fazla % 11.11 azaldig1; 7 numarali hat igin en
fazla %14.28 azaldigi sonucu elde edilmistir. Olusturulan
model ile, daha az yakit tiiketimi, daha az siiriicii maliyeti,
trafikte rahatlama ile birlikte c¢evreye verilen zararin
minimuma indirilmesi ve bunlarla birlikte belediye
biitcesinden daha az maddi kaynak aktarimi nedeniyle igletim
maliyetlerinin azaltilmasinin miimkiin oldugu goriilmiistiir.
Calismada incelenen 1 ve 7 numarali hatlar igin elde edilen
kazanglarin  %74’niin  yakit oldugu; boylelikle enerji
tasarrufuna katki sagladigi  g6riilmiistiir. Calismanin
sonucunda; sehir i¢i otobiis hatlarinin sefer sayilarinin
optimize edilmesi ile; kisi bagina diisen egzoz gaz1 saliniminin
azalmasi, giiriiltii kirliligi ve maliyetlerde azalma saglanmasi,
yolcu bekleme siireleri minimize edilmesi ve kapasite ve
konfor ag¢isindan dengeli bir isletme kosulu saglanmasi ve
yolcu memnuniyetinin artirilmasinin - miimkiin  oldugu
sonucuna ulastimistir.

Yazar Katkis1

Bu arastirmada Yazarl, bilimsel yazin arastirmasi, veri
toplama, arastirma tasarimi ve uygulamas: ile makalenin
olusturulmasi; Yazar2, bilimsel yazin arastirmasi, arastirma
tasarimi  ve uygulamasi ile makalenin olusturulmasi
konularinda katki saglamislardir.

Cikar Catismasi

Yazarlar tarafindan herhangi bir ¢ikar c¢atigmasi beyan
edilmemistir.

Tesekkiir

Corlu Belediyesi ve TEKULAS Arag Takip ve Koordinasyon
Merkezi yetkililerine desteklerinden dolay: tesekkiir ederiz.

Bu calismada arastirma ve yayin etigine uyulmustur.
Yasal/6zel izin alinmasi gerekliligi bulunmamaktadir.
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