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ONSOZ

Siirdiiriilebilir Cevre I¢in Enerji ve Tasarim alaninda yeni teknolojiler.

Siirdiiriilebilir Cevre Igin Enerji ve Tasarim (SUCET) Sempozyumu, Istanbul'da Rumeli
Universitesi Miihendislik ve Doga Bilimleri Fakiiltesi’nin ev sahipliginde birincisi 2021
yilinda, ikincisi 2022 yilinda gerceklestirilmis olan, enerji ve g¢evre konularinda aragtirma
yapan bilim adami ve uzmanlarin her yil bir araya geldigi gelencksel bilimsel bir toplantidir.
Bu yilki 3.SUCET 2023 Sempozyumunda, yurtdisindan 2, Tiirkiye’den 5 ve Miihendislik ve
Doga Bilimleri Fakiiltesinden 8 olmak iizere 15 bildiri yiiz ylize ve es zamanl sekilde zoom
iizerinden 26 akademisyenin katilimryla sunulmustur. Hirvatistan Zagreb Universitesinden ve
Bulgaristan Gabrova Teknik Universitesinden olmak iizere iki yurt dig1 iilkesinden
akademisyenlerin katilimi1 sempozyuma uluslararasi katilimli karakteri kazandirmistir.

Bildiriler, sempozyum programinin tematik alanlarina gore yapilan sunumlara uygun olarak
diizenlenmis 15 bildiriden olusmaktadir. Sempozyum Kitabinda yaymnlanan makaleler
stirdiiriilebilir ¢evre icin enerji kullanimi ve tasarimlarin yani sira yagsam kalitesinin
yiikseltilmesi ile birlikte ¢evre korumanin desteklenmesine katkida bulunan bilimsel degerli
bir igerik sunmaktadirlar.

Avrupa Birligi'ne katilma siirecinde bulunan ve 2015 yilinda Paris anlagsmasini 2021 yilinda
imzalamis olan Tiirkiye, enerji tiikketimi, enerji verimliligi ve yenilenebilir enerji kaynaklar1 ve
sera gazi emisyonlarinin uygulanmasi alanlarindaki hedefler paketini gergeklestirmek
zorundadir. Bu kapsamda, CO; emisyonlarinin azaltilmasinda 2030 yilina kadar yiizde elli ve
2050°de binalarda sifir emisyona ulasilmasi hedefleri tanimlanmistir. Tiirkiye’de, oncelikle
Avrupa Birligi iiye iilkelerinin benimsedigi "20-20-20" hedefi ile Enerji ve Cevre Koruma
alaninda Avrupa Birligi'nin diizenlemesi yiikiimlikleri tstlenilmelidir ve hizli sekilde
gergeklestirilmelidir.

Diinyada oldugu gibi Tirkiye i¢in de en 6nemli zorluklar siralamasinda, 6gretimden sonra
cevre koruma ve iklim degisikligine karsi 6nlemler ikinci sirada yer almalidir. Ozellikle,
diinyanin hedefledigi 1,5 derecelik atmosfer sicakligi azaltilmasi hedefi gereklilik olmalidir.
Iklim koruma ilerlemesini hizlandirma yoniinde Tiirkiye’de de toplumun 1,5 derecelik
atmosfer sicakligi azaltilmasi hedefine ulasmak icin bilinglendirilmesi ve hizli bir ¢aba
gostermesi  gerekmektedir. 1,5 derecelik atmosfer sicakligi azaltilmast hedefinin
gergeklestirilmesi i¢in Avrupa Birligi tilkelerindeki gibi Tiirkiye’de de enerji tiretiminin ve
arzinin donistiriilmesi gerekmektedir. Sanayi sektoriinde enerji tasarruflu teknolojiler ile
degisimi gerceklestirmede iki tedbir oncelikli uygulanmalidir. Birincisi, iklime zarar veren
siibvansiyonlarin hizla azaltilmasidir, ikincisi CO, emisyonlarinin azaltilmasidir. Ozellikle
iklime zarar veren iiriinler daha yiiksek vergilendirilmelidir. Miihendislik yaklagimi, bireysel
endiistrilerin enerji gecisi sirasinda yeniden yapilandirilmasiin kabul edilebilir oldugunu
ortaya koymaktadir. Yeni teknolojiler sanayi sektoriinde de bdyle bir degisim de dnemli bir
role sahiptir. Bu durum 6zellikle yeni siireclerin gelistirildigi CO; yogun alanlarda gegerlidir.
Buna 6rnek olarak, kimya endiistrisinde hammadde olarak CO; kullanilmasi verilebilir. Yeni
teknolojilerin enerji verimliligini artirdigin1 ve ekonominin enerji gegisinin basarisinda enerji
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tiketimini azalttigim1 dogrulamaktadir. Ayrica ulasimda enerji tiikketimini azaltmak ve
yenilenebilir enerjilerin gelistirilmesine de oncelikli olarak 6nem vermek gerekmektedir.

Tiirkiye’de son yillarda giines ve rlizgar enerjisinin genislemesi akilci ve memnuniyet
vericidir. Yenilenebilir enerjilerin genislemesi daha iddiali hale gelmelidir. Su anda mevcut
olan “Yenilenebilir Enerji Kaynaklar1 Yasasi” ve bunda yapilacak degisiklikler somut
uygulanabilir ve kontrol edilebilir hedefli olmalidir. Bunun ig¢in riizgar enerjisi ve giines
enerjili fotovoltaik hizlandirilmis genisleme gerektirmektedir. Su an Tiirkiye’de, daha iddial
enerji gecis ve iklim koruma Onlemleri alinmaz ise sonra ¢ok daha ciddi 6nlemler alinmak
zorunda kalnabilir. Tirkiye, stirdiiriilebilir ¢evre i¢in enerji ve tasarim ile ilgili yurtdisindan
katma degerli irliin satin almak zorunda kalmamalidir. Bunun igin harcanacak para
yenilenebilir enerjilerin genislemesine ve enerji tasarruflu teknolojilere yonelik harcanmalidir.
Bu aymi zamanda Tirkiye ekonomisini de canlandiracaktir ve daha fazla is olanagi
olusturabilecektir. Bugiin Tiirkiye enerji ve ¢evre koruma alanindaki hukuki ve alt hukuk
icraatlar1 diizeyinde uygun yasalara sahiptir.

Soru, yenilenebilir enerji kaynaklarinin konvansiyonel enerji kaynaklarinin %100%ini ne
zaman karsilayacagidir? Bu sorunun cevabi basit degildir. 2020 yilina kadar Avrupa Birligi
devletlerinin enerji tiikketimini verimli bir sekilde kullanarak enerji tiiketimini azaltmaya
yonelik ana plan1 uygulamislardir. Bunun sonucu yenilenebilir enerji kullaniminda 6ngoriilen
bliylime artmistir ve uluslararas1 sozlesmelerde belirtildigi gibi sera gazi emisyonlarin
azaltmislardir (Ornegin, 1992'den itibaren BM'nin iklim degisikliginin azaltilmasinin
temellerini attigi Kyoto Protokolii). Enerji ve ¢evre koruma i¢in yeni teknolojiler 6zetlenen
programin gergeklestirilmesi i¢in 6nemli bir faktdr olmustur.

Yeni teknolojilerin ve uygulamalarinin gelistirilmesi bu hedeflerin gerceklestirilmesi igin bir
on kosuldur. Bugiin, diinya ¢apinda yenilenebilir enerji kaynaklarinin enerji planlamasinda
baskin bir rol oynadig1 ve riizgar enerjisinin kullaniminin ilk sirada yer aldig1 goriilmektedir.
Ancak, geleneksel enerji kaynaklarinin yakin gelecekte de tamamen yok olmayacagi gercegi
durmaktadir.

Tiirkiye'de de yenilenebilir enerji kaynaklarinin kullaniminda bir artis yasanmaktadir ve bu
durum gelecek yoniinden umut vericidir. Bu kapsamda yatirimcilar ve girisimciler
yenilenebilir enerji sistemlerine yatirim yapmaya devlet diizeyindeki bir tarife sistemi ile ve
bankacilarin finansal kaynaklar1 bu yatirimlara tasimalari i¢in tesvik edilmelidir.

Yurtsever herkes icin biiylik 6nem arz eden Tiirkiye Cumhuriyeti Devletinin kurulusunun
100. Yilin biiyiik bir seving, kivang ve timitle kutluyoruz. 2023 yilinda gergeklestirdigimiz 3.
Rumeli Siirdiiriilebilir Cevre Igin Enerji ve Tasarim Sempozyumu elektronik kitabimni
Cumhuriyetimizin 100. Y1l anisina ithaf ediyorum.

Prof. Dr.-Ing. Ahmet CAN
Istanbul-Silivri, Subat 2023
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FOREWORD
New technologies in the field of Energy and Design for a Sustainable Environment.

Energy and Design for Sustainable Environment (SUCET) Symposium, hosted by the Faculty of
Engineering and Natural Sciences of Rumeli University in Istanbul, the first of which was held in 2021
and the second in 2022, where scientists and experts who conduct research on energy and
environment come together every year. It is a traditional scientific meeting.

At this year's 3rd SUCET 2023 Symposium, total 15 papers were presented face-to-face and
simultaneously with the participation of 26 academicians via Zoom. These papers which were 2 from
foreign university, 5 from Turkey and 8 from Rumeli University, the Faculty of Engineering and Natural
Sciences. The participation of academicians from two foreign countries, from Croatia Zagreb
University and Bulgarian Gabrova Technical University, to the symposium brought the international
character of participation.

The presented papers consist of 15 papers arranged in accordance with the presentations made
according to the thematic areas of the symposium program. The articles published in the Symposium
Book present scientifically valuable content that contributes to the promotion of environmental
protection by improving the quality of life as well as energy use and designs for a sustainable
environment.

Turkey, which is in the process of joining the European Union and signed the Paris agreement in 2015
in 2021, has to realize the package of targets in the fields of energy consumption, energy efficiency
and implementation of renewable energy sources and greenhouse gas emissions. In this context,
targets to reach 50% emissions by 2030 and zero emissions in buildings by 2050 have been defined.
In Turkey, the regulatory obligations of the European Union in the field of Energy and Environmental
Protection should be undertaken and carried out quickly, with the target of "20-20-20" adopted by the
European Union member countries.

In the ranking of the most important challenges for Turkey as in the world, environmental protection
and measures against climate change should take the second place after education. In particular, the
1.5 degree atmospheric temperature reduction target that the world aims for should be a requirement.
In order to accelerate the progress of climate protection, the society in Turkey also needs to raise
awareness and make a quick effort to reach the goal of reducing the atmospheric temperature by 1.5
degrees. In order to achieve the goal of reducing the atmospheric temperature by 1.5 degrees, energy
production and supply need to be transformed in Turkey, as in the European Union countries. Two
measures should be implemented with priority in realizing the change with energy-saving technologies
in the industrial sector. The first is the rapid reduction of climate-damaging subsidies, the second is the
reduction of CO2 emissions. Especially climate-damaging products should be taxed higher. The
engineering approach reveals that it is acceptable to restructure individual industries during the energy
transition. New technologies also play an important role in such a change in the industrial sector. This
is especially true in CO,-intensive areas where new processes are being developed. An example of
this is the use of CO, as a raw material in the chemical industry. It confirms that new technologies
increase energy efficiency and reduce energy consumption in the success of the economy's energy
transition. Furthermore, it is necessary to reduce energy consumption in transportation and to give
priority to the development of renewable energies.

The expansion of solar and wind energy in Turkey in recent years is rational and pleasing. The
expansion of renewable energies should become more ambitious. The currently existing “Renewable
Energy Sources Law” and any amendments to it should have a concrete, applicable and controllable
target. For this, wind power and solar photovoltaic require accelerated expansion. If more ambitious
energy transition and climate protection measures are not taken in Turkey at the moment, much more
serious measures may have to be taken later. Turkey should not have to buy value-added products
from abroad related to energy and design for a sustainable environment. The money to be spent for
this should be spent on the expansion of renewable energies and energy-efficient technologies. This
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will also stimulate the Turkish economy and create more job opportunities. Today, Turkey has
appropriate laws at the level of legal and sub-law enforcement in the field of energy and environmental
protection.

The question is, when will energy in storage meet 100% of conventional energy expenditure? The
answer to this question is not simple. Until 2020, they implemented the main facility to provide energy
consumption by using the energy consumption of the European Union states efficiently. As a result,
they have reduced greenhouse gas emissions such as growth in energy use and protection in
international conventions (for example, the Kyoto Protocol, in which the UN laid the foundations for
climate change since 1992). New technologies for energy and environmental protection have been an
important factor in the realization of the programs outlined.

It is a prerequisite for new technologies and their applications to achieve these goals. Today, the
world's energy yield appears to play a dominant role in energy dominance, and the control of wind
power is in the first place. However, life close to conventional energy consumption is also far from
extinction.

There is an increase in the use of renewable energy sources in Turkey, which is promising for the
future. Investing in these services and energy systems for entrepreneurs should be encouraged by a
state-level fee system and bankers should be encouraged to move financial resources into these
investments.

We celebrate the 100th anniversary of the establishment of the Republic of Turkey, which is of great
importance for all patriotic people, with great joy, pride and hope. | dedicate the electronic book of the
3rd Rumeli Energy and Design Symposium for the Sustainable Environment, which we held in 2023,
to the memory of the 100th anniversary of our Republic.
Prof. Dr.-Ing. Ahmet CAN
Istanbul-Silivri, February 2023



3. RUMELI SURDURULEBILIR GEVRE ICIN ENERJi VE TASARIM SEMPOZYUMU

3rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
2-3 Subat 2023 / February 2-3, 2023

Silivri, ISTANBUL

ELEKTRIKLI ARAGLARDA KULLANILAN PASIF, AKTIF VE
HIBRIT BATARYA SOGUTMA SISTEMLERINE AIT BIR
CALISMA

Emre TORUN
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OzZET

Gunimlzde elektrikli araglar, calismalari igin gerekli olan elektrik enerjisini blinyesinde
bulundurduklari batarya sistemlerinden elde ederler. Ara¢ bataryalari, elektrikli aracin motorunun
calismasi igin gerekli gerilim ve akim degerlerini kargilayarak motora enerji saglar ve boylece aracin
hareket etmesi saglanir.

Motora elektrik enerjisi saglamakla gérevli olan bataryalar, gerek sarj edilirken gerekse aracin kullanim
esnasinda desarj edilirken yuksek miktarda i1si enerjisi agiga c¢ikarir. Bataryanin en yuksek verimde
¢alisabilmesi, dGmrinin uzun olabilmesi ve can ve mal kaybina neden olmamasi igin ¢alisma ortam
sicakhginin belirli bir aralikta tutulmasi gerekmektedir. Bunu basarabilmek icin batarya sistemi termal
olarak ydnetilmeli, batarya hucrelerinin belirli bir sicakhk degerinin Uzerine ¢ikmasina izin
verilmemelidir. Batarya Sogutma Sistemleri bataryada olusan isinin hizl bir sekilde dis ortama atilarak
sicakliginin belli limitler icinde kalmasini saglamali ve batarya icerisindeki hiicre sicakliklarinin tniform
olarak dagitiimasi gdrevlerini kargilayabilmelidir.

Tasarlanan calisma ile farkh tasarimlara ve O&zelliklere sahip batarya sogutma sistemlerinin
performanslari farkli galisma kosullarinda deneysel dizenekler kurularak incelenecek, faz degistiren
malzeme, 1si borusu, zorlanmis tasinim ve bunlarin farkli kombinasyonlarinin kullaniimasi durumunda
elde edilen sonuglar hem kendi aralarinda hem de belirlenecek bazi tasarimlarin Ansys programi
Fluent modilinde modellemesi yapilarak elde edilen sayisal analiz sonuglari ile karsilastirilacaktir.

Anahtar Kelimeler: Elektrikli Arag, Batarya Sogutma Sistemi, Faz Degistiren Malzeme, IsI Borusu, Isi
Transferi

1. Girig

Gunimizde dinyadaki toplam insan nidfusunun artmasiyla hem enerji, hem yiyecek, hem de igcecek
kaynaklarinda kisithik meydana gelmekte ve mevcut kaynaklarin yetersiz kaldigi gérinmektedir.
Kaynaklardaki kisitllik ise insanhdin gereksinimleri icin farkh alternatifler bulmaya yéneltmektedir. 19.
yuzyilda petroliin bulunmasi ve araglarda kullaniimasi ile baslayan fosil yakit sireci 21. Yizyilda
kaynaklarin yetersiz kalmaya baglamasi, rezervlerin azalmasi ve yeni fosil kaynaklarin bulunamamasi
nedeniyle bilim insanlarini farkli enerji kaynaklarini kullanan alet ve araclarin arastirmasina
yoneltmistir. Ayrica fosil yakitlarinin tikenmesi arastirmacilari, bilim insanlarini ve sanayicileri enerji
depolama stratejisi yardimiyla daha etkin, uygun ve ¢evre dostu enerji kaynaklari Uzerinde arastirma
yapmaya motive etti [1]. Bunlardan biri olan elektrikli ara¢ arastirmalar 6zellikle son yillarda yaygin
hale gelmistir. Elektrikli araglarin gelisimi son on yilda hizla biyimekle birlikte 2018 yilinda diinya
elektrikli ara¢ stodu bir dnceki yilla nazaran %63 artis ile 5 milyonu gegmis durumdadir [2]. Elektrikli
araclarin satigi Covid-19 salginina ragmen, 2020 yilinda bir énceki yila gére %43 artis sagladi ve
diinya gapindaki toplam arag satisinin %4,6 sina ulasti [3]. Canalys arastirma sirketinin yapmis oldugu
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arastirmaya gore ise 2028 yilinda elektrikli ara¢ satislari 30 milyona ulasacak ve 2030 yilinda kiresel
bazda satilan toplam binek araclari sayisinin neredeyse yarisinda ulasacak [4].

Yeni Arag Satislari
(milyon) EV Diger Satislar -0-EV %
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10%

Sekil 1. 2030'a Kadar Yillik Kiresel Bazda Binek Araci Satiglari [4]

Elektrikli araglarda farkh tip sarj edilebilen batarya sistemleri kullaniimaktadir. Bu batarya
sistemlerinden bazilari Nikel-Kadmiyum tip piller, Nikel-metal Hidrit tip piller, Kursun- asit tip piller ve
Lityum-iyon tip pillerdir. Bu dért tip batarya gesidi arasinda Lityum-iyon piller yiiksek enerji depolama
yogunlugu, uzun pil émri, dusiuk kendinden bosalma hizi ve hafifliginden dolay: elektrikli araglarda
kullanimi en uygun ¢6zim olarak bulunmustur. [5].

Li-ion piller sarj edilirken veyahut calisma esnasinda desarj edilirken elektrokimyasal tepkimelerden
dolay! yuksek miktarda isil enerji agida ¢ikarirlar. Li-ion piller isiyi tersinir entropi, direngli yayilim, pilin
yogunluk gradyeninin digsmesi ve kimyasal reaksiyonlar nedeniyle Uretirler [6]. Arastirmalar bataryanin
maksimum verimliliinden faydalanabilmek igin batarya sicakliginin 15-40°C araliginda kalmasi
gerektigini gostermektedir [7; 8, 9, 10].

y 3
Gii¢ Sinin

istenilen Calisma
Sicaklik Araligi

Zayif
Elektrokimya Bozulma

n
>

Sicakhk

A

v

Sekil 2. Li-ion Batarya Sistemlerinde Sarj ve Desarj Durumlarinda Sicakhgdin Etkisi [10]

Pil tarafindan Uretilen 1s1 farkh yéntemler ile dis ortama uzaklastirilabilir. Olusan is1 eger disaridan
enerji kullanilmadan dis ortama atiliyorsa bu sistemlere pasif sogutma sistemleri, is1 eder disaridan
enerji kullanilarak dis ortama atiliyorsa bu sistemlere aktif sogutma sistemleri denir. Birden fazla aktif
ya da pasif sojutma sisteminin beraber kullaniimasi ile olusturulan sistemlere ise hibrit sojutma
sistemleri denir.
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Pasif sojutma sistemlerine; Dogal Tasinim ile Batarya Sogutma, Isi1 Borusu ile Batarya Sogutma ve
Faz Degistiren Malzemeler (FDM) kullanilarak batarya sogutma sistemleri 6rnek gosterilebilir. Aktif
sogutma sistemlerine ise Hava ile zorlanmis tasinimli batarya sogutma, sivi ile zorlanmig taginimii
batarya sogutma, termoelektrik malzeme kullanarak batarya sogutma &6rnek gosterilebilir. Hibrit
sogutma sistemlerine ise FDM ve hava ile zorlanmis tasinimli batarya sogutma sistemi, FDM ve sivi
ile zorlanmis tasinimh batarya sogutma sistemi, FDM ve Is1 borulu sistem ve bu sistemlerin farkl
kombinasyonlari 6rnek gosterilebilir.

Pasif sogutma sistemleri ya da igerisinde tamamen pasif sojutma sistemleri barindiran hibrit sogutma
sistemleri enerji tiketmeden sodutma yapabildiklerinden aktif sogutma sistemlerine gére daha ¢ok
tercih edilmektedirler. Lakin yiksek glg¢ gereksinimlerinde ve yiksek sarj/desarj hizlarinda aktif
sogutma sistemlerine veya igerisinde aktif sogutma sistemi bulunduran hibrit sogutma sistemlerine
gerek duyulabilmektedir. Son yillarda 6zellikle faz degistiren malzemeler ve 1si borular kullanilarak
olusturulan pasif hibrit sogutma sistemleri tzerinde ve faz degistiren malzemeler, 1si borular ve
hava/sivi ile zorlanmig taginimli aktif hibrit sogutma sistemleri lizerinde ¢calismalar yapilmaktadir.
Tasarlanan sistemlerde 1si borusu ve faz degistiren malzemeler kullanilarak olusturulan hibrit
sistemlerin sogutma performanslari incelenecek, elde edilecek deneysel sonuglarin hem kendi
aralarinda hem de belirlenecek bazi tasarimlarin Ansys programi Fluent modilinde modellemesi
yapilarak elde edilen sayisal analiz sonuglari ile karsilastiriimasi planlanmaktadir. Ayrica s6z konusu
calisma “Elektrikli Araglarda Kullanilan Pasif, Aktif Ve Hibrit Batarya Sogutma Sistemlerinin
Performanslarinin Deneysel ve Sayisal Olarak incelenmesi” basligi altinda doktora tez konusu olarak
sunulmustur.

2. Tasarim Ve Yontem

Tasarlanan calismada farkh tasarimlara sahip batarya sojutma sistemlerinin performansi teorik ve
deneysel olarak incelenecektir. Her bir tasarimin performansinin detayl incelenebilmesi ve
karsilastirilabilmesi igin deney dizenekleri olusturulacak ve gerekli veriler elde edilerek sonuglar
kiyaslanacaktir.

Kurulacak olan deney duzeneklerinde tasarlanan sistemler haricinde bilgisayar, veri kayit cihazi,
sarj/desarj modull, gl¢ kaynagi ve termokupllar bulunacaktir. Tasarlanan sistemler ise batarya
hicreleri, aliminyum blok, saf ve kompozit faz degistiren malzeme, 1s1 borulari, kanatgiklar ve
sogutma fanindan olusacaktir. Deney dizeneklerindeki bu elemanlarin gérevleri su sekildedir;
Bilgisayar: Veri kayit cihazinda toplanan verileri degerlendirmek i¢in kullanilacaktir.

Veri Kayit Cihazi (Datalogger): Batarya hicrelerinde belirli noktalara yerlestirilen termokupllarin
sicaklik de@erleri okunup dizenli araliklarla kayit edilecektir.

Sarj/Desarj Modiili: Batarya hicreleri belirlenen sarj/desarj hizlarinda yukleme bosaltma
yapilacaktir.

Gug¢ Kaynagi: Fanin calistinlabilmesi icin gerekli elektrik enerjisini saglayacaktir.

Termokupl: Batarya modulinde belirli noktalardaki sicaklik dagiliminin tespiti igin kullanilacaktir.
Metal Talas: Faz degistiren malzeme ile belirli oranlarda karistirilarak kompozit FDM yapmak igin
kullanilacaktir. Béylelikle FDM’nin 1s1l iletkenliginin artirlmasi hedeflenmektedir.

Metal Blok: Tasarimlarda batarya hicresi ile FDM yahut 1s1 borusu arasina konarak 1si transferinin
artinlmasi i¢in kullanilacaktir. Aliminyum malzemeden yapilmasi planlanmaktadir.

Batarya hiicreleri: 18650 tipte silindirik Lityum-ion batarya hucreleri kullanilacaktir.

Faz degistiren malzeme: Belirli bir sicaklik araliginda, kati halden sivi hale gegerken isi depolayan
ve sivl halden kati hale gecerken depoladigi bu isiyr yayabilen malzemelerdir. Batarya sicakliginin
artmasi durumunda ortaya c¢ikan isiyl gizli i1s1 olarak depolayarak bataryanin sicaklik artisini
durdurmak yahut yavaslatmak igin kullanilacaktir. Tasarimda kullanilan faz degistiren malzeme cinsi,
erime sicakligi araligina gore sistemin verimli calismasina elverisli olacak sekilde secilmistir.

Is1 Borulari: Buharlastirici ve yogusturucu kisimlardan olusan, buharlastirici kisimdan sy alarak hizli
bir sekilde yogusturucu kisimdan atan sistemlerdir. Sistemde kullanilan is1 borusu, agida ¢ikan isiyi
hizli bir gekilde dig ortama atmak icin kullanilacaktir. Isi borulari, sivi akigskanli, bakir malzemeden imal
edilmis, i¢ ylzeyi gdzenekli ve yassi tipte olup farklh boylarda kullaniimistir.
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Kanatciklar: Isi transferinin daha etkin ve hizli bir sekilde yapilabilmesi icin gerekli sistemdir.
Sistemde kanatgik ikincil faz degistiren malzeme haznesinde olusan isinin dis ortama daha hizli bir
sekilde atilmasi i¢in kullaniimistir.

Fan: Hava ile zorlanmis tasinimi gerceklestirmek igin sisteme entegre edilecektir.

Li-ion Pil Isi Borusu PCM Aliminyum Kanatcik

Sekil 3. Deneylerde Kullanilan Pil, Isi Borusu, PCM ve Kanatgik

Elektronik YUk
Cihaz

Batarya
ModuUlU ve
Sogutma
Sistemi

‘ Data Logger ‘

Sekil 4. Deney Dlzenegi

incelenecek sistemler agsagidaki sekilde olacaktir.

a) Sistem-1: Herhangi Bir Sogutma Sistemi Kullanilmayan Batarya Sogutma Sistemi

Bu sistem batarya hicreleri digaridan herhangi bir sogutma sistemi kullanilimadan kendi halinde dogal
tasinim ile soduyacak sekilde tasarlanmistir. Bu sistem yapilan calismada referans sistem olarak
degerlendirilecek ve diger tasarimlardan elde edilen sonuglar dncelikle bu sistemle kiyaslanacaktir
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Batarya HUcresi

Alt ve Ust
Sabitleme
Parcalan

Sekil 5. Herhangi bir Sogutma Sistemi Kullaniimayan Sistem

b) Sistem-2: Sadece FDM Kullanarak Olusturulan Pasif Batarya Sogutma Sistemi

Batarya hicresi ve faz degistiren malzemeler kullanilarak elde edilen sistemin performansi
incelenecektir. Faz degistiren malzeme sizintilari engellemek igin FDM, aliminyum hazne igine
konulacak, faz degistiren malzemenin erime ve katilasma esnasinda hacim degisimlerini absorbe
edebilmek i¢in hazne kapagi esnek olarak tasarlanacaktir. Sistemin sogutma performansi diger
sitemlerin performanslari ile kargilastirilacaktir.

¢} Sistem-3: Hem FDM Hem de Isi Borusu Kullanarak Olusturulan Pasif Hibrit Batarya Sogutma
Sistemi

Bu tasarim batarya hiicreleri, faz degistiren malzemeler ve 1si borulari ile olusturulacak olup sicaklik
performansi incelenecektir. Sistemin sogutma performansi dider sitemlerin performansi ile
karsilastirilacaktir.

d) Sistem-4: Kompozit FDM Ve Isi Borusu Kullanarak Olusturulan Pasif Hibrit Batarya Sogutma
Sistemi Performansi

Faz degistiren malzemenin 1sil iletkenligi dusuktir. Isi transferinin daha etkin olmasi igin faz degistiren
malzemelerin 1sil iletkenliklerinin artirimasi gerekmektedir. Isil iletkenligi artirma yollarindan biri de faz
degistiren malzemeyi isil iletkenligi yliksek metal pargaciklari ile homojen bir sekilde karistirmaktir. Bu
sekilde hazirlanacak olan kompozit faz degistiren malzemeli hibrit sistemin sogutma performansi diger
sitemlerin performansi ile karsilastirilacaktir.

e} Sistem-5: Hem Kompozit FDM Hem Isi Borusu Hem De Aktif Bir Sogutma Sistemi Kullanarak
Olusturulan Hibrit Batarya Sogutma Sistemi Performansi

Kompozit faz degistiren malzeme ve 1si borulardan olusan pasif sistemin aktif bir sistem olan hava ile
zorlanmis tasinim ile desteklenmesi durumunda olusturulan sistemin sogutma performansi
incelenecektir. Sistemin sogutma performansi diger sitemlerin performanslari ile kargilagtirilacaktir.

3. Sonug

Tasarlanan 5 farkl sistem deneysel olarak 1C hizinda sarj edildikten sonra 1C, 2C, 3C ve 5C desar]
hizlarinda desarj edilerek performanslari karsilastirilacak ve sogutma yoninden en uygun sistem
belirlenecektir. Sistemlerin sogutma performanslari incelenirken hem batarya modulindeki en ylksek
sicaklik, hem de batarya hucreleri arasindaki sicaklk dagilimi analiz edilecektir. Sonu¢ olarak,
sistemlerin farkh desarj hizlarindaki maksimum sicaklik ve maksimum sicaklik farki grafiklerine gore
en iyi sogutma performansina sahip olan sistem belirlenecektir.
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Ayrica 1 nolu Sistemin Ansys programi Fluent modulinde modellemesi yapilarak elde edilen sayisal
analiz sonuglarinin diger tasarimlardan elde edilen deneysel sonuglar ile karsilastiriimasi
planlanmaktadir.
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OzZET

Makalenin amaci, Avrupa Birligi (AB) ve Bulgaristan'da kati evsel atik yonetiminin gelisimini, atiklarin
siniflandiriimasini, miktarlarini, énceliklerini, ilkelerini ve hiyerarsilerini belirleme ve tahmin etme
yontemlerini incelemektedir.

Atik yonetimi yontemleri ve program dénemlerine goére uygulamalari analiz edilir.

Amaca yonelik yasal gergeve, politika ve ekonomi sunulmaktadir.

Anahtar Kelimeler: Kentsel kati atik (MSW) yonetimi

ABSTRACT

The purpose of this article is to examines the development of solid household waste management in
the European Union(EU) and Bulgaria, classification of waste, methods for determining and
forecasting their quantity, priorities, principles and hierarchy.

Waste management methods and their application by program periods are analyzed.

The legal framework, politics and economics for the purpose are presented.

Key Words: Municipal Solid Waste(MSW) management
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1. Girig

20. yuzyihn sonunda ve 21. ylzyllin baginda yasam tarzi ve standardindaki degisim, kisisel kullanim
icin Urin ve ekipman tlketiminde bir artisa katkida bulunmustur. Sirekli gincellenmeleri ve kisa
yasam donglleri sayesinde, ayri ayri her bir kisi tarafindan Uretilen atik miktari surekli artmaktadir.
Dinya genelinde kisi basina disen kati, sivi ve gaz atiklarin payindaki artis, ayni zamanda
hammaddelerin verimsiz kullaniminin ve son Urlnlerin yeniden islenmesinin de bir sonucudur.
Ornegin, 1994 yilinda, her Avrupa vatandasi ortalama 460 kg kati evsel atik (MSW), 2010 yilinda 500
kg, daha sonra 2020 yilinda atik miktar kisi basina 680 kg'a yukselmigtir. 2010 yilinda AB'de 252,1
milyon ton evsel atik Uretilmistir (2016 Eurostat uygulamasi*). Bulgaristan, 2010 yilinda kisi basina
disen evsel atik miktari bakimindan AB'de 9. sirada - 410 kg ve 10 yilda (2008-18) Uretim atig1 % 35
oraninda artmistir. 15-20 yillik genel egilim zaten atik miktarini iki katina gikariyor. Bu nedenle MSW
islenmesi konusu, sehirlerin buyumesi ve ulkelerin sanayilesmesi ile ciddi bir hal almistir. Biriken atik
miktarindaki bu yogun artis, gevrenin ve nifusun sagliginin bozulmasina yol agmistir. Cevreyi
etkilemeden surdurilebilir ekonomik ve sosyal kalkinma, yeterli atik yénetimini, ok sayida teknolojiye
dayanan geri kazanimlari igin entegre bir sistemi gerektirmektedir. Bulgaristan'in 2007 yilinda AB'ye
kabul edilmesi, atik toplama ve ydnetim politikasina iligskin bir dizi sart getirmistir. AB'nin bir pargasi
olarak, Ulusal Atik Yoénetimi Programi yenilenmistir. Bulgaristan'’da 2007-2013 vyillari arasinda
Ekolojide Kalkinma igin bilinen son operasyonel Program olan Bulgaristan'in atik yonetimi alanindaki
politikalari kabul edilmistir. Cevre ve Su Bakanhgi'nin 2009-2013 Atik Faaliyetlerinin Yénetimi Ulusal
Programi ve 2014-2020 ve 2021-2028 Ulusal Atik Yoénetim Planlarinda olusturulmustur
(Proekt_NPUO_2021-2028_11-02-2021%20(13).pdf), uygulanan projelerdir (NSI). Kati atik yonetimi
alanindaki projeler farkh diizeylerde baslatiimakta ve uygulanmaktadir: ulusal, bdlgesel, belediye ve
sirketler ve sirketler diizeyinde projelerdir. Son on yildaki akis ve ¢ok gesitli atiklarin bir sonucu olarak,
daha kesin tanim ve yonetim icin gincellenmis bir atik siniflandirmasi gerekli hale gelmistir. Son
yillarda, faaliyetler belediye tarafindan yerel yonetimlerin yetki ve programlari dahilinde oldudu igin
Bulgaristan'da atik ydnetimine entegre yaklasim benimsenmistir. Ancak Covid salgini, belirsiz siyasi
durum ve Ukrayna'da son 2-3 yilda yasanan savas sonucunda ekoloji arka planda kalmistir.

2. Pozlama
2.1. Atik Yonetimi

Avrupa cevre mevzuatina goére atigin klasik tanimi bilinmektedir: "Sahibinin kurtuldugu veya
kurtulmak istedigi veya kurtulmak zorunda oldugu madde, nesne ya da nesnenin bir parcasi”,[1].
Atiklarin siniflandiriimasi, cesitliligi ve miktari, ilgili Glkeye, atifta bulundugu boélgeye ve ayrica atigin
bilesenlerine bagl olarak degisir. AB'de, istatistiksel verilerin topluluk tarafindan ve Bulgaristan'da
dahil olmak Uzere Uye ulkelerin her birinin ulusal dizeyde ydnetilmesini ve kullaniimasini saglamak
icin atiklarin siniflandirimasina buyidk 6nem verilmektedir. Kékenine bagli olarak, atiklar birkag
kategoriye ayrilir [2] ve ayrintili bir siniflandirma [3]'de sunulmustur. Uygulamada, atik ¢ogunlukla
asagidakilere gore siniflandirilir;

+ Atik Uretimin kaynagi (evsel, insaat, sokak, bahge, endustriyel, tarimsal, hayvansal, atik sudan,
yikimdan, kutleden);

lyi atik yonetimi, ilk etapta atik Gretiminin &nlenmesiyle baslar, ¢linkii sonugta, Uretilmeyen sey
bertaraf edilimemelidir. Atik olusumunu énlemek igin kullanilan énemli bir arag, ¢evre dostu Urnlerin
kavramsallastiriimasi ve tasarim asamasinda gevresel konulara odaklanan eko-tasarimdir.

» Atik kompozisyonu (siyah ve renkli malzemeler, kagdit, cam, plastik ve digerleri)

Ulkeler icin morfolojik bilesim genis sinirlar iginde bireysel Uretilir ve cografi iklim kosullarina baghdir.
Kompozisyon, nufus sayisina bagh oldugu i¢in ayni Ulkedeki sehirler icin de bireysel farklidir.
istatistiklere gére, AB'de yilda yaklasik 200 milyon ton evsel atik Uretilmektedir ve bu miktar her yil
artmaktadir. Kisi basina disen atik Uretimi ve atiklarini nasil yonettiklerini bazi Ulke &rnekleri
g6stermektedir. Her yil, Londra (yakin zamana kadar AB'de) 4,4 milyon ton evsel atik uUretiyor, hane
basina bir tonun Uzerinde ve bunun sadece% 9'unu geri donusturiyor! Danimarka'nin bagkenti
Kopenhag, evsel, ticari ve endustriyel atiklarinin% 58'ini geri doénustiriyor,% 24'Gnli yakiyor ve
sadece% 18'i ¢Op sahalarina gidiyor. Bunun saglandigi idari ve vergisel énlemlerin bir sonucu olarak,
Danimarka'daki atik Uretimi giderek azalmaktadir,[16]. Endlstriyel sektorlerden kaynaklanan atiklar
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onemli Olclide daha fazladir. Belirlenmis ¢6p sahalari neredeyse doludur ve diger gevre dostu atik
depolama yontemleri pahalidir. Bulgaristan igin MSW'nin morfolojik bilesimi % cinsinden konuma gore
ortalama kompozisyon Tablo 1'de gdsterilmistir. 2005 yili MSW olarak 2,9 milyon ton ve 12 milyon
m3'tlr,[6]. Verilerin analizi - en blylk kitle % 50-53 oraninda kagit ve gida atiklar tarafindan isgal
edilmektedir. Dinya Saghk Orgiti (WHO) verilerine gére, MSW birikimi yilda 5 m3/kisi ve yerel
kosullara bagli olarak katsayi % 5'tir.

Tablo 1. Kati Evsel Atik'in (MSW'nin) konuma gore ortalama bilegimi

Morphological Population (thousands of inhabitants)
MSW composition, % Jlo 50 | 50-100 | 100-150 | 150-250 | Hanx 250 | Sofia N
Metals 38 4.4 4.6 4.8 52 55 1
Glass 5.2 4,3 3,6 3.4 3,3 3,5 2
Plastics 5,7 6.3 6.8 7.4 7.6 7.8 3
Paper 13.4 14.3 14,6 14,8 15,1 15,4 4
Food. waste 38 38 37 36 35 35 5
Building materials 1.7 4.0 4.0 3,9 3,2 1.8 6
Wood and pulp 0.8 1.3 1.3 1.8 2,2 1.6 7
Leather, rubber 1.8 23 2.3 3,3 2.2 2,1 8
Textile 2.8 2.8 2,6 2.1 1,8 1.8 9
Bones 1.6 1,5 1.4 1,1 0,8 0,6 10
Unidentified 28 20 21 23 23 24 11
waste

« isleme ve yakma yoéntemi (yanici, fermente etme, inert);

Atigin 1sil degeri veya atigin yanma isleminde is1y1 serbest birakma kabiliyeti, kcal’/kg veya kJ/kg ile
degerlendirilir (Tablo 2.). Ortalama kalori igerigi 700 — 2200 kcal/kg'dir. Sofya i¢in 1330 kcal/kg. 1 kcal
=4.1868 kJ.

Tablo 2. Kati Evsel Atik'in (MSW'nin) konuma gore ortalama bilesimi

Settlements kkal’kg
up to 50 thousand/50-100 thousand inhabitants 720/820
100-150 thousand/150-200 thousand inhabitants 860/930
150-200 thousand/200-250 thousand inhabitants 930/980

*Yeniden kullanim olasiligi (dogrudan yeniden kullanilabilen veya yeniden kullanilabilen atiklar [10]);
*Cevreye karsi zaralilik dereceleri (hareketsiz, tehlikeli).

Atiklar, [4] kaynagi Madde 6 uyarinca kosullari yerine getirmesi halinde atik olarak kabul edilmez.
Avrupa Birligi'nde, [3] kaynadi ekinde ac¢iklandigi gibi en fazla mali kaynak evsel kati atik yonetimine
(yaklasik 1/3) ve bunlarin belirtimesine tahsis edildiginden, burada dikkate alinanlar tam olarak
bunlardir. Ayrica, diger atik turlerinin (kanalizasyon gazlari, duman, kanalizasyon vb.) aksine, belediye
kati atik yonetimi ¢cok daha pratiktir ve ¢ok sayida insani igerebilir. MSW'nin bilesimi, fiziksel bir bakis
acislyla, yasam standardina, bilimsel ve teknik gelisime ve her ulusun medeniyetinin gelisimine ve
cografi bélgelerin dzelliklerine bagl olarak degisen heterojendir. Uretilen kentsel kati atik miktari,
Ulkenin kentlesme dlzeyine, tuketim tirine ve sekline, yasam standardina ve yasam bigimine,
uretildigi sektére bagl olarak degismektedir. MSW miktari asagidaki yontemler kullanilarak belirlenir
[5] ve Bulgaristan igin sitelere ve yerlesimlere gore [6]’'nin igcinde normlar belirtiimistir:

1* Ekolojik durum endeksine dayali yéntem;

Br _
Ba = Gin boyu birikim 365 kg; m3 )
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Burada K, gunlik birikimin maksimum degerinin gunlik birikime orani olan gunlik duzensizlik
katsayisidir:

B may
¥="t
8, (2)

K'igin, 1.20-1.40 sinirlari arasinda deger onerilir ve belirlemek icin asagidaki esitlik kullanilir:

B b.N
B?ma)i:K.B]:K—r: -
- ’ 365 365 A3)

2005 yilinda Bulgaristan icin: 2,9 milyon ton evsel kati atik; 12 milyon m?3 kati atik.

2* Dogrudan gravimetrik yontem (birikim orani) - Birikim orani, belirli bir siire (giindiiz ve gece, yil)
belirlenmis bir belirleme birimine (bir sehirde 1 kisi, bir otelde bir yer, bir hastanede bir yatak, bir
dikkdnda 1 m2) dayanarak Uretilen kati atik miktaridir. Birikim oranlan iki tiptedir —genel ve
farklilagsmis sekilde Tablo 3 ve Tablo 4 ile gosterilmistir.

3* Tahmin - MSW miktarinin tahmini agagidaki formile gore yapihr:

Bd =b.N b # const. N # const. 4)

Burada b, zaman igindeki degisimdir —b =b (N) = bn

¥

b=—13 | deumen, 200,
1+

3 . .
, ’/inhabitant, year (5)

Burada bn, 1 kigi basina birikim orani, b=, - gelecekteki birikim orani ( b = DSO'ye goére yilda 5 m3/kisi),
| - taban, bo - birikimin temel orani, a - yerel kosullara bagli katsayi, n - yillar iginde tahmin siresi,[6].

Tablo 3. 2000 yih i¢in Bulgaristan'in yillik genel normlari

Groups | General norms for the year 2000 in Bulgaria
settlements | kg/inhabitant, year m’/inhabitant, year
1 Villages 300 1.9
2| Upto50 330 1,30
3 50-100 340 1,40
41 100-150 360 1,60
51 150-250 380 1,70
6| over250 390 1,90
7 Sofia 410 2,10
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Tablo 4. Nesnelere gore farklilastiriimis normlar

Objects for Average annual norms Density
1 piece kg 1, dm’ kg/m’
1 Hospitals - 1 bed 230 700 330
2 Hotels - 1 bed 80 400 200
3 | Kindergartens - 1 place 70 235 300
4 Schools - 1 student 26 120 220
5 Theaters, cinemas 20 90 220
6 Institutions 50 250 200
7 Restaurants - 1 dish 20 60 300
8 Food stores. goods m’ 120 460 260
9 | Shops for prom. goods m’ 30 150 200
10 Markets m’ 18 36 500

Not: Hastaneler icin belirli hastane atiklar (cerrahi malzemeler vb.) dahil degildir. [1]'e gore, "atik
yonetimi" kavrami tim toplama faaliyetlerini kapsar, bu islemlerin kontroli de dahil olmak Uzere
nakliye, isleme, kullanim, bertaraf ve ayrica aritma tesislerinin bulundugu atiklarin bulundugu ve
ndfusun, gevrenin veya yerel estetigin sagligi Gzerindeki potansiyel olumsuz etkinin azaltilmasi ile ilgili
olarak kapatildiktan sonra gerceklestirilen faaliyetlerdir. Avrupa mevzuatina goére, etkin atik yonetimi
temel Onceliklere dayanmaktadir: Atik Uretiminin dnlenmesi, Geri dénisim ve yeniden kullanim ve
atiklarin bertaraf edilmesi ve izlenmesi igin kosullarin iyilestiriimesi (Altinci AB Cevre Eylem Programi
(2002-2012 ve [1]). Atik yonetimi faaliyetlerinin altinda yatan ilkeler sunlardir: kaynaklarin korunmasi,
onleyici tedbirler, dnleme, kirletici 6demeleri, ikame, yakinlik ve 6zerklik, istirakgilik ve entegrasyon.
Atik yonetimindeki hiyerarsi bu ilke ve dnceliklere dayanarak atik ydnetiminde 6ncelik sirasini belirler.
Uretim anindan nihai yikim anina kadar atigin yasam déngusi/varhi@i iginde yapiimasi gereken
aksiyonlari saglar: Atik olusumunun énlenmesi; Miktari en aza indirmek icin Uretilen atiklar, 6zellikle
tehlikeli 6zelliklere sahip olanlar; Yeniden; Geri donlisum; Kullanim - gesitli ydntem ve teknolojilerin
uygulanmasi yoluyla Uretilen atiklardan fayda elde etmek - kompostlama, enerji ekstraksiyonu ve
digerleri; biriktirme (Co6p Doldurma) — bu ybntem sadece dider aritma ydntemleri tukendiginde
uygulanmalidir (sagdaki Sekil 1). insaat ve evsel atik yonetimi dzellikle [7] bdliimiinde sunulmustur.
Atik yonetimi faaliyetleri 2003 yilindan bu yana [1] ve ilgili ydnetmeliklerde dizenlenmistir.

en uygun alternatif
npeaoTepaTABane
Hait-6naronpuaTHa A 00pa3yBaHeTo Ha OTNAAbUM
anTepHaTuea
MWHUMU3NpaHe
‘ 00pa3yBaHeTo Ha oTNaAbUM
Bb3(TAHOBABAHE HA
CYPOBMHHHA Pecypc

HaW-HeGnaronpuaTHa
anTepHaTMBa

en az elverigli alternatif

Sekil 1. Atik yonetiminde hiyerarsi
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2.1. Atik Aritma

Muhendislik agisindan bakildiginda, en dnemli faaliyet, esas olarak odaklaniimis atiklarin islenmesidir.
Atik isleme yontemleri, atigin kendisi ile kdkeninin kaynagi kadar cesitlidir ve siniflandirmayi icerir,[5]:

1. Mekanik igleme

1.1. Antma ic¢in hazirhk - atiklarin 6n aritimi igin tesisler ve tesisler (temizleme, ayirma ve ayirma,
paketleme ve presleme, balyalama, kesme, pargalama), atiklarin kullanimi ve bertarafi icin ana tesis
ve tesislere yardimci tesislerdir veya atiklarin aritiimasi icin bagimsiz tesislerdir (Sekil 2). Ayiklama
boyutsal, densimetrik, manyetik, optik, girdap akimi, kizilétesi, hava, manuel ve mekanik olabilir,[6].
ECOBULPAK sirketinin Bulgaristan'daki ilk atik isleme tesisi, baskent Sofya'nin "Filipovtsi" boélgesi
yakinlarinda acgilmistir. Tesisin iki tesisi vardir - Camin siralanmasi ve geri donisimdu igin tesis ve

kagit ve plastigin siralanmasi ve balyalanmasi icin tesis (Sekil 3). Tesisin toplam kapasitesi yilda
140.000 ton gelen evsel atiktir.

Sekil 2. Bulgaristan Ekobulpak fabrikasi - "Geri Donlisim" igin tesis - Toplam 11.000 m? alanina
sahiptir. (fotograf: Alyosha Dimitrov)

Sekil 3. NF'nin mekanik igslemleri ve ayriimasi (nefritler) [6]

Ayirma tesisi bes boélimden olusmaktadir: gelen malzemeler/depo, 6n aritma alani, elektron isini tip
isleme alani, plastik 6gitme alani ve mekanik igleme alani. Asagidaki degerler prosesler igin kabul
edilebilir olarak kabul edilebilir: Fe-%50, NF-%30 karisik plastik ve filtre tozu-Toplam kutlenin %20'si
(Atik elektrikli ve elektronik ekipmanlarla ilgili 2002/96/EC sayili Direktif). Presleme, kagit, karton,
plastik, metaller, biyolojik olarak parcalanabilen atiklarin bir kismi, alternatif yakit elde etmek igin
kullanilan atiklar vb. gibi c¢ok cesitli atiklara uygulanir. Presleme hidrolik ve mekanik presler
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kullanilarak yapilabilir (Sekil 4). Mekanik aritma igin tesisler ve ekipmanlar - cogu durumda atiklarin
mekanik aritilmasi, 6n aritma, énceki geri kazanim veya nihai bertaraf olarak anlamhdir.

Sekil 4. Temizleme ve presleme makineleri [5]

1.2. En aza indirmek, toplamak ve geri doniistiirmek

Bulgaristan'da agirlikh olarak geleneksel atik giderimi kullaniimaktadir. igisleri ve Iletisim Bakanhgi'nin
resmi ¢op sahalarina dayanan verilerine gére, Bulgar vatandasi yilda ortalama 455 kg evsel atik
atiyor. Ulkede 525-600 organize depolama alani ve daha birgok orgiitsiiz kiigiikk depolama alani
bulunmaktadir (Cevre ve Su Bakanligi verilerine gore 5.135 sayilmistir). Bunlardan yaklasik 27'si, en
onemlileri Plovdiv, Karlovo, Gabrovo, Sevlievo, Veliko Tarnovo ile Gorna Oryahovitsa ve Lyaskovets,
Mezdra, Shumen, Sofia-Sukhodol, Rusguk vb. ile Vratsa olan "sihhi depolama alani" gereksinimleri
karsilamaktadir. Bu ¢op sahalari toplam 12.735.425 ton kapasiteye sahiptir ve 4.132.557 kisinin (Ulke
nifusunun yaklasik% 55'i) evsel atiklari depolamak igin kullanilabilir,[11],[15].

Geri dénusum sureci, tuketimi azaltma ve kaynaklari yeniden kullanma sireciyle ilgilidir Atik Yonetimi
Stratejisinde 6nemli bir adimdir. Geri dénusturulebilir maddeler, bireysel haneler ve endistriyel
ortamlar da dahil olmak Uzere ¢ok cgesitli kaynaklardan gelebilir. Geri dénusturilebilir Plastik (PET,
ambalaj, torbalar), aliminyum, tekstil, kagit (dergiler, gazeteler, kitaplar, ambalajlar, vb.) cam (cam
kaplar), asfalt, metal kutular, motor yagi, araba pilleri, biyolojik olarak pargalanabilen malzemeler (gida
artnleri veya bahge atiklari) dahil olmak Uizere yazici kartuslari. Malzemelerin iglenmesini
kolaylastirmak igin, tlrlerine bagl olarak siralanmalari ve ayrilmalari énerilir. Seramik, balmumu
kagidi, cikartmalar, toksik madde ve gida ambalajlari, rotorlar vb. Grlnler geri donusturtilemez. Geri
dénlusumle karsilastirildiginda, yeniden kullanim énemli bir ek ¢caba gerektirmez, ancak yalnizca sinirli
bir atik grubuna ve fiziksel olarak degistirilebilir Grinlere uygulanabilir.

insaat ve yikim atiklari yilksek oranda geri dénisturilebilir ve yeniden kullanilabilir. Bunu basarmanin
temel kosulu, diger atiklarla karistirimamalari ve Kkirletimemeleridir. Bu, sirdurdlebilir atik
ybénetiminde, AB'nin bu yondeki aktif politikasi tarafindan dayatilan temel bir yaklagimdir. insaat
atiklarinin geri dénusturilebilirlik derecesi birgok faktore baglidir - farkl atik turlerinin payi, 6n aritma
derecesi (siralama), atik Uretim sureglerine, ingaat tasarimina ve uygulamali uygulamaya bagli olan
zararh veya tehlikeli maddelerle kontaminasyon.

Geri donusum islemi asagidaki sekilde gerceklestirilebilir, uzmanlagsmis geri déntisim sahalarinda
veya dogrudan insaat ve yikim sahalarinda veya ayrica kombine sahalarda, (Sekil 5). Bulgaristan'da
ingaat atigi geri dénusim faaliyetlerine baglarken, atik Uretim yerinde segici imha ve 6n aritma ile
birlikte basitlestiriimis geri dénisim teknolojilerinin kullaniimasiyla baslaniimasi 6nerilmistir. AB'de
2010 yilinda geri dénusturulen atiklar kisi basina ortalama 121 kg olarak gergeklesmistir. Bu bakimdan
Almanya kisi bagina diisen 260 kg ile liderdir. Bunu irlanda (203 kg), Slovenya (183 kg), Lilkksemburg
(179 kg), Avusturya (178 kg), Belgika (173 kg), isveg (166 kg), Hollanda (164 kg), Danimarka (154 kg),
vb. izledi. n. NSl verilerine goére, Bulgaristan'da 2010 yilinda 26 bin ton geri donustiridlmustir. Kagit ve
karton atiklarinin geri donliisim icin toplam kapasite yaklasik 200.000 tondur ve esas olarak kagit
hamuru ve kagit endistrisi isletmelerinde ve yapi levhalari tretenlerde yogunlasmistir. Plastik atiklarin
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islenmesi yaklasik 12 bin ton/yil kapasiteli ¢ ana isletmede yodunlagmistir. Atk camlarin iglenmesi
Ulkede 6 girisimde gergeklestiriimektedir. Yillik islenmis cam atik miktari yaklasik 15000 ton/yil'dir.

Sekil 5. CDE Global makinelerinden olusan komple geri donisim hatti

2. Biyolojik aritma. Kompost.

Atiklarin  biyolojik olarak islenmesi veya kompostlastirimasi, organik maddelerin cesitli
mikroorganizmalar tarafindan ayrismasi yoluyla gergeklestirilir. Biyolojik aritma c¢ogunlukla biyolojik
olarak parcalanabilen atiklarin, dzellikle tarimdan, gida endustrisinden veya evsel atiklarin organik
fraksiyonundan kaynaklananlarin ortadan kaldiriimasi ve ayrica endustriyel veya mineral atiklarin (yag
camuru, maden atiklari ve digerleri) aritiimasi icin kullanilir. Tipik olarak, biyolojik aritma aerobik veya
anaerobiktir. Kompostlama tipinin sec¢imi, son urinin ne elde edilecedine bagli olarak degisir -
sahada, biyo-odalarda ve braketleme ile [6],[9]'da ayrintili olarak tartisiimigtir. 1995 yilinda, AB Uye
Ulkeleri tarafindan 13 milyon tondan fazla evsel atik kompostlastiriimistir ve 2008'de - yaklasik 43,5
milyon ton ile evsel atiklarin % 17'sine ulasmistir, énde gelen llkeler ispanya ve Fransa'dir.
Bulgaristan'da, bolgesel c¢opliklerinde yilda 20.000 tonun Uzerinde atik biriktigi belediyelerin
topraklarinda biyolojik olarak pargalanabilir atiklarin kompostlanmasi ve mekanik-biyolojik aritilmasi
icin tesisler inga edilmesi planlanmistir. Bunlar, yedisinde bolgesel ¢opliklerin zaten inga edilmigtir, 56
boélgenin yarisidir.

Sekil 6. Saha kompostlama prensibi, kompostlama ve briketleme makinesi Beccari statik haznesi,[6]

3. Isil igslem. Atiklardan enerji elde etmek

Hem cevresel hem de ekonomik agidan bakildiginda, yanici evsel kati atiklarin geri donusturilemeyen

veya yeniden kullanilamayan kisminin enerjisini kullanmak makul ve en uygun maliyetlidir.

2000/76/EU sayil Avrupa Direktifi, 1100 °C sicaklikta yakmay dnermektedir. Kati atiklarin kullanimi,

atik yénetimi hiyerargisindeki en karli asamadir ve sunlar olabilir: malzeme, biyolojik, enerji. Asagidaki
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atik tdrleri igin enerji geri kazanimi mumkUinduar: biyolojik olarak pargalanabilir evsel atiklar; genel
enduUstriyel atiklar; tibbi atiklar; aylklama merkezlerinden gelen atiklar ve aritma tesislerinden gelen
atiklar. Dinya Enerji Konseyi verilerine goére, evsel atiklar her Glkenin ulusal enerji potansiyelinin
yaklasik% 6'sindan sorumludur. Bulgaristan, evsel atiklarin enerji potansiyelini kullanma konusunda
Avrupa’nin son siralarinda yer almaktadir.

4. Termal yéntemler. Yanma

4.1. Siralanmig veya siralanmamig evsel kati atiklarin genel olarak yakilmasi. Soba
4.2. Yuksek sicaklikta isil iglem yéntemi uygulanmasi.
4.3. Hareketli bir 1zgarada (1zgara) toplu yakilmasi.
4.4. Akiskan yatakl tesiste yakilmasi. Termokimyasal déniisiim uygulanmasi.
4.5. Entegre evsel kati atik yakma sistemleri.
Bitkiler ve yakma firinlari. Birlikte yakma. Enerji kullanimi (Sekil 7).

Sekil 7. Evsel atiklarin yakilmasi i¢in kompleks - termal ve elektrik enerjisi tGretimi - 3000 kg/saat
degderinin Gzerinde kapasitededir.

Yakma, evsel kati atiklarin yuksek sicakliklarda, genellikle 1s1 veya elektrik Gretmek icin yanma sonucu
elde edilen Urunler kullanilarak tamamen oksidasyonu ile atik bertarafinin yapildigi i1sil bir ydntemdir.
Evsel atiklarin yakilmasi 1000-1100 °C sicakliklarda gergeklestirilir. Bununla birlikte, eksik yanma
durumunda, saglik ve cevre icin tehlikeli olan asit gazlari ve dioksinler yayabilir. Tehlikeli atiklarin
tamamen ayrismasini saglamak igin, yakma igleminin kontrolli kosullar altinda yeterince ylksek bir
sicaklikta yapilmasi gerekir. Bu nedenle AB, yakma firinlari igin gevre standartlari hazirlamistir. AB
atik yakma direktifinde tanimlanan izin verilen maksimum degerler [6] numrali kaynakta verilmistir.
Artik kullanilamayan ve formlari ve bilesimleri ¢cevresel bir tehlike olusturan urlinler, yakma islemine
tabi tutulur. Atiklarin yakilmasindan énce tercih edilmesi tavsiye edilir ve toksik maddeler (ireten veya
yanmayi zorlastiran atiklarin giderilmesi igin ayiklama gereklidir,[6]. Birlikte yakma, belirli bir
endustriyel atik tirindn enerji geri kazanimidir ve enerji ve isi santrallerinde, ¢cimento fabrikalarinda ve
celik dékimhanelerinde yaygin olarak kullaniimaktadir. Bir bertaraf ydntemi olarak yakma en yaygin
olarak Danimarka, Norveg, Isvigre ve Isvec'te kullaniimaktadir. Bulgaristan'da, 5 gimento fabrikasinin
endustriyel yanma tesislerinde kojenerasyon-yakma islemi gerceklestiriimektedir - iclerinde toplam
enerji kullanan atik miktari yaklasik 2600 tondur. "Zlatna Panega Cimento" ve "Devnya Cimento" isimli
cimento fabrikalari inorganik atiklarin bertaraf edilmesine ciddi katki saglamaktadir.
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4.6. Piroliz ve termal imha.

Piroliz, termal ayrismanin yuksek sicaklikta, oksijenin yoklugunda, kimyasal Grtnlerin ve &zellikle
organik uUrlnlerin meydana geldigi, kati atiklarin isil iglem surecidir ve [6],[12]'de ayrintili olarak
tartisiimistir. Amacg, ikincil trlinler elde etmek ve kati atik hacmini azaltmaktir.

Yaklasik 25 m?lik bir alan gerektiren giinde 25 ton atigin islenmesi igin "yiksek sicakliktaki piroliz
tesisi" Bulgaristan‘da lastiklerin, plastiklerin ve "Pirotex" sirketinin diger atiklarin pirolizi igin bir tesis
Sekil 8'de gosterilmistir.

Sekil 8. Yiksek sicaklik piroliz tesisi ve kapali piroliz tesisi. Lastiklerin pirolizi igin "Pirotex"
4.7. Otoklav (hidrotermal) tesisleri.

Camurun isil kurutulmasi ve yakilmasi Camur, atik su aritma prosesinin sonucudur. Birkag 6zelligi
olan atik su miktarinin aritma maliyetleri Gzerinde en buyilk etkiye sahip oldugu ¢amurun, camur
hacminin yani sira nakliye ve bertaraf maliyetleri de belirleyicidir (AB Direktifi 2000/76, kanalizasyon
olugur: Gamur kurutma sistemi ve Camur yakma sistemi. Termal kurutma pahali bir yéntemdir, bu
nedenle nadiren uygulanir ve sadece kapsamli bir teknik ve ekonomik gerekgelendirmeden sonra
tercih edilebilir. Hollanda ve Belgika gibi bazi AB llkelerinde tarimda ¢amur kullanimi yasaktir.
Bulgaristan'da, gamurun kullanimina iligkin kosullar, tarimda kullanimi yoluyla atik su aritimindan elde
edilen camurun kullanim sirasi ve sekli hakkindaki Yonetmelikte diizenlenmistir. Yag ve petrol drlnleri
iceren atik su aritma tesislerinden gikan gamur, "Lukoil Neftohim Burgaz" yakma tesislerinde bertaraf
edilmektedir.

Sekil 9. Camur kurutma sistemi
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5. Gazlastirma ve fermantasyon
5.1. Kuru metanasyon — BEKON Siirekli kuru fermantasyon prosesi

Yontemin prensibi, % 50'ye kadar kuru madde igerigine sahip biyoatiklarin fermantasyonudur.
Fermantasyon, zemine ve duvarlara yerlestiriimis isitma sistemi tarafindan dizenlenen ve surdurilen
34-37 °C'lik "mezofilik" (fermantasyon dostu) bir sicaklikta gerceklesir. Fermantasyon sirasinda elde
edilen biyogaz (esas olarak% 65'e kadar metan CH4 ve% 35'e kadar karbondioksit CO2'den olusur) bir
kojeneratore beslenir (Sekil 10). Bir elektrik jeneratoriine bagli bir gaz motoru olan ve baca gazlari ve
yag sogutmasi igin 1s1 esanjorleri ile donatilmis bir kojeneratdér sayesinde, biyogaz kullanilabilir elektrik
ve Islya dondstarilir. Bu "Sirekli" islem, s6zde kuru fermantasyon sirasinda higbir malzemenin
eklenmedigi veya cikariimadigi ve biyoatiklarin fermantasyon isleminin sonuna kadar fermentorlerde
kaldigi anlamina gelir (ikamet suresi).

Atik Cojenerator Biogaz Concrete fermenter

l mm _ T

P S Swa S g S S e S
Opocarenma Hacranages

Curuf Kati yakit Biyometanol ve dizel Kojenerator Isitma ve drenaj tesisatlari
Sekil 10. Kojeneratoér kullanarak metanasyon semalari [6]

5.2. Organik atiklarin gazlastirilimasi. C6p sahalarindan biyogaz kullanimi

Kati atiklarin ayrismasi sirasinda elde edilen biyogaza ¢6p gazi denir. Esas olarak metandan olusan
bu gaz (eneriji ihtiyaci igin kullaniimazsa ve atmosfere serbestge salinirsa, karbondioksit CO2'den 32
kat daha fazla sera etkisine katkida bulunur), dogrudan c¢dpliklerden elde edilir ve gerekili
saflastirmadan sonra genellikle kojenerasyon bitkilerine beslenir (Sekil 11). Ne yazik ki, bu teknoloji
sayesinde - boru seklindeki delikli gaz toplayici problarin delinmesi ve désenmesi - olugan tim gazlar
ctkariimaz. Ek olarak, bu gazin g¢ikarilmasi yalnizca ¢oplugun zaten guive toplanmis bir bélimuanun
topraklarinda ve sinirli bir sire igin baglayabilir. Ayrica, vyillar iginde, ¢6p sahasinin kendi
katmanlarinda ve farkli yillik mevsimlerde esit degildir ve ¢bp sahasinda biriken evsel kati atiklarin %
20'sinden fazlasini kapsamaz. Bu sekilde, eskilerin % 80'i ve yeni gelen tim kati atik miktarlari,
¢cOpliukte kalmaktadir ve azalmamaktadir, aksine alanini arttirmaktadir ve sera gazlari ve zehirli atik
sularin Uretilmesiyle cevreyi zehirlemeye devam etmektedir. 2010 yili evsel atiklara iligkin NSI
verilerine goére, evsel atiklar i¢cin ¢op sahalarinin artik kapasitesi 2005 yilina kiyasla % 31,15 oraninda
azalmistir. Buttin bunlar, bu yéntemin verimsiz oldugunu ve dahasi, ayni zamanda sermaye tikettigini
g6stermektedir. Ayrica uygun tesisler kullanilarak organik atiklardan kontrolll bir biyogaz Uretimi de
yapilmaktadir. Bu tir tesisler hayvan ciftliklerinde, kanalizasyon aritma tesislerinde, gida isleme

17



3. RUMELI SURDURULEBILIR GEVRE IGIN ENERJI VE TASARIM SEMPOZYUMU
2-3 Subat 2023 Silivri/ISTANBUL
tesislerinde vb., 6zellikle sirekli bir hammadde akigl saglayabilenlerde bulunur. Cop gazi cikarimi
giderek daha fazla popllerlik ve daditim kazanmasina ragmen, yalnizca korunan ¢op sahalarinin
bulundugu vyerlerde kullanilmasi uygundur, ancak evsel kati atiklar enerji kullanim stratejilerinde
planlanmamalidir.
Gazlagtirma isleminin dogrudan ve ters olmak uUzere iki ana yolu vardir. Isil gazlastirma donanim
pazari esas olarak dogrudan gazlastirma islemini kullanan gazlastiricilar sunmaktadir. Termokimyasal
ayrismaya ugrayan organiklerin, bir gazlastirici maddenin rolini oynayan izgara altinda saglanan
hava UGflemesine karsi hareket ettigi 2MPa mertebesinde yiksek basingta galisirlar. Bu iglemin sonucu
olarak, organik tabakadan gecerek gazlastiricinin Ust kismina alinan gaz (Uretilir. Termal
gazlastirmanin tersi sekilde, gazlastirmaya tabi tutulan biyokitle ve gazlastirma maddesi (buhar-hava
ufleme) bir ydnde hareket eder. Plazma gazlastirmasinda, sentez gazi, plazma reaktoriini ¢ok yiksek
bir sicaklikta birakir ve bu nedenle sodutulmasi gereklidir,[6].

v Gasbrunnen
2 Gassammelleitungen

) Gassami 100

¢ prauchbares Gas

» nicht brauchbares Gas
4 Entfeuchier

7 Absaugstation

4 Abfackeleinnchtung

+ Gasmotor

© Generatos

% Transformator

2 20kV-Leitung

& Warmeverbraucher

1-gaz kaynaklari, 2—gaz boru hatlari, 3—gaz toplama istasyonu, 4—kullaniimis gaz, 5—kullaniimayan
gaz, 6-nem giderme, 7—pompa istasyonu, 8—parlama cihazi, 9—gaz motoru, 10—-gaz jeneratéru, 11-
trafo, 12—-20kV elektrik hatti, 13—1sI tlketicileri

Sekil 11. Biyogaz ekstraksiyonu igin deposu, prensibi ve tesisati,[6].
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5.3. Plazma teknolojileri
Plazma gazlastirma, 6zel olarak [13] numarali kaynakta agiklanmistir.

6. Mikrodalga tesisatlari
7. Biyoteknolojik yontemler

Biyoatiklarin biyolojik aritimini en Ust dlizeye ¢ikarmanin en somut ve 6nemli yarari, 2020 yilinda
yalnizca "Atik" sektoriinden yaklasik 10 milyon ton CO2 esdeg@erine ulasan sera gazi emisyonlarinin
onlenmesidir. Daha iyi kentsel atik yonetiminin en énemli etkisi, sera gazi emisyonlarini sinirlamaktir.
Bu nedenle, "Avrupa 2020" Stratejisinin ve Kyoto konferansinin ana hedeflerinden biri, sera gazi
emisyonunu 2020 yilina kadar 1990 seviyesine kiyasla % 20 oraninda azaltmaktir.

Bulgaristan'in 2026 yilina kadar emisyonlarini % 40 oraninda azaltmasi gerekiyor. Geri dénusim (%
75) ve yakma (% 25), emisyonlarin 6nlenmesinde 6nemli bir rol oynayacaktir. Karbon édeneklerinin
fiyatt 6 avro/ton, ancak uzmanlar 6nimuizdeki birka¢ yil iginde 25 avro/ton degerine ulasagagi
tahmininde bulunuyor.

7.1 Tibbi atik aritma ve ayrigstirma merkezleri.

Nukleer santral yakitlarinin igslenmesi, insan saghigi atik aritma tesisi "CONVERTER", 6zel bir calisma
modunda doymus buhar varliginda 155 °C sicaklikta gcalisacak sekilde tasarlanmistir,[13],[14].

Bir sterilizasyonun sarj edilmesi Hicre pompasi ve hava filtresi

Motor Steril atiklar Su
Sekil 12. Tibbi atik aritma tesisinin semasi ve gérinimu

7.2. Yakitlarin iglenmesi
Bu kapsamda kullanilmis yaglarin bertarafi ile ilgili 75/439/EEC sayili Direktifi gegerlidir.

8. Diizenli Depolama. Depolar

Bulgaristan'daki tehlikeli atiklar da dahil olmak Uzere atiklari yénetmenin ana yolu ¢op sahasidir.
Bulgaristan'da 2010 yilinda Uretilen 3,1 milyon ton evsel atigin 3,04 milyon tonu uygulanabilir tek
yontem olan Dizenli Depolama ile aritilmigtir. Bulgaristan'in AB Uyelidi, 16.07.2009 tarihine kadar
mevcut yasadisi ¢op sahalarini kapatma ve atik toplama igin 54 yeni depolama sahasi inga etme
yukumluligunu getirmistir (1999/31/EC sayili Direktif). 2010 yil itibariyle, ¢bp sahalarinin sayisi 172
idi. Bu yontem, Bulgaristan'da bir sonraki planlama déneminde 6nemli bir rol oynayacak ve ¢op
sahalari gelecekteki atik aritma altyapisinin dnemli bir unsuru olacak. Gergeklesen ana islem, organik
maddenin anaerobik kosullarda ayrismasidir. Ek islemler aerobiktir. Ug ana sema tiir(i vardir: Belirgin
araziye sahip bolimlerin dizenli doldurulmasi, Siper ve Yiksek. COp sahalarinin tasarimi ve
isletiimesi [6] bolumunde ayrintili olarak tartigiimistir. Atik aritma teknikleri ve teknolojileri de [17, 18,
21] 'de sunulmaktadir.
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9. Siyaset ve ekonomi

Bireysel AB Uye devletlerinin kullanilan atik bertaraf ydntemlerine iligkin politikalari farkhdir.
Atiklarin nasil iglendigi ve her bir AB Ulkesindeki ana atik aritma yontemlerinin her birinin nispi payi
[19, 20] 'de gosterilmistir. Genel olarak, yonetimdeki egilim, depolama ve kompostlamadaki azalma
pahasina, geri déniisiim ve yakmada bir artistir. AB'nin GSYiH'sinin yaklagik% 0,75' yillik olarak atik
yonetimine tahsis edilmektedir. NSI verilerine gore, 2010 yilinda Bulgaristan i¢in atik geri kazanimi ve
bertaraf maliyetleri, GSYiIH'nin% 0,95'ini temsil eden 674.000 bin BGN olarak gerceklesti. Bunlarin
neredeyse% 35'i sabit kiymet edinimi igindir; 2016 icin -% 1.6. AB Uye Ulkelerindeki atik faaliyetlerinin
finansmani igin ana fon kaynagdi Avrupa Bolgesel Kalkinma Fonu'dur (ERDF). Bulgaristan'da ERDF,
2007-2013 donemi igin atik yonetimi ile ilgili faaliyetlerin finansmani i¢in 366,7 milyon avro kaynak
sagliyor ve 2020-22 yillarinda bir Sirdirilebilir Kalkinma Programi onerildi ve faaliyete gecti. Atik
yonetimi, bir isletmenin 1SO14001 akreditasyonunu surdirme yetenegdinde 6nemli bir bilesendir.
Cabalara ragmen, Avrupa Ulkelerinde ¢evre ve insan sagliginin kalitesinde hala énemli farklihklar
vardir. Cevresel faktorler ve insan sagligi arasindaki karmasik iliskiler, coklu etki ve etkilesim yollarini
dikkate alarak, genis bir mekansal, sosyo-ekonomik ve kiiltiirel baglamda ele alinmalidir. Yazarin bu
konferansa katilimi tam olarak bunun igindir.

10. Sonug¢

Avrupa Birligi Uye Devletleri ve Bulgaristan, halki egditmek ve tiiketicileri daha az atik Ureten ve
bdylece kaynaklarin daha verimli kullanilmasina yol agan Urlnleri aramaya tesvik etmek igin
farkindalik kampanyalari gelistirmektedir. Makalede, evsel kati atiklarin isleme ydntemlerinin bir
siniflandirmasini agiklanmistir. Bunlarin uygulanmasi, kaynaklari ve amacin yasal dayanagi, konunun
politikasi ve ekonomisi tartisiimistir.
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UYGULAMALAR

Waste g ion by ic activities and h holds, 2016
(%)
s z : Construction and Other economic

Mining and quarrying Manufacturing Energy demolition activities Households
EU-28 25 10 3 36 16 8
Belgium 0 23 1 31 36 8
Bulgaria 82 3 8 2 3 2
Czechia 1 18 4 40 23 14
Denmark 0 5 4 58 16 17
Germany 2 14 3 55 17 9
Estonia 26 37 25 5 6 2
Ireland 16 35 2 10 28 10
Greece 78 6 4 1 4 7
Spain 16 1" 3 28 26 17
France 1 7 0 69 14 9
Croatia 12 8 2 24 31 22
italy 0 17 2 33 29 18
Cyprus 5 33 0 36 10 16
Latvia 0 19 " 4 30 34
Lithuania i 41 2 8 32 17
Luxembourg 0 7 0 75 " 6
Hungary 1 17 16 23 25 18
Malta 8 1 0 69 13 8
Netherlands 0 10 1 70 13 [}
Austria 0 9 1 73 10 7
Poland 39 17 " 10 18 5
Portugal 3 17 1 12 35 33
Romania 87 4 4 0 3 2
Slovenia 0 26 14 10 38 12
Slovakia 3 32 9 9 29 18
Finland 76 8 1 1 3 1
Sweden ke 4 1 7 7 3
United Kingdom 6 4 0 49 30 10
Iceland 0 25 0 4 31 40
Liechtenstein 3 2 0 88 1 5
Norway 3 14 2 27 32 22
Montenegro 19 2 18 37 10 13
North Macedonia 49 51 0 0 0 0
Serbia 79 3 12 1 2 3
Turkey 1 26 E 5 37
Bosnia and Herzegovina (') 2 27 71 0 0 0
Kosovo (%) 14 20 40 6 10 k]
(2012,

(%) This designation is without prejudice to positions on status, and is in line with UNSCR 1244/1999 and the ICJ Opinion on the Kosovo declaration of independence.
Source: Eurostat (online data code: env_wasgen)

eurostati@
Waste generation, excluding major mineral wastes, 2006 and 2016
(kg per inhabitant)
10 000
8 000
6 000
4000
2000
0
S EPTLECT L OE>DTXCOOQLOOTFEEO8 88 = o =g
8 E555esEREcEEREngccinscBEezEsg ES STESE
B feeEsSfsEip 2803325228556 °65 52 8PS
u.lmgu-gcu(n 2 4 -8 » ®» 300_1@ Zg $§ €§
3 2 3 g 5 &<
z 12006 =2016 3 s =
(") 2006: not available. 3 a £
(2) This designation is without prejudice to positions on status, and is in line with UNSCR 1244/1999 and the ICJ -
Opinion on the Kosovo declaration of independence.
Source: Eurostat (online data code: env_wasgen) eurostati@
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OzZET

Kuresel iklim degisikliginin dinyanin bir ¢ok bdlgesinde ve diinyadaki canli yasami uzun siredir
olumsuz etkiledigi giinimizde yasanmaktadir. Kiresel anlamda iklim degisikliginde ¢ok belirgin
sekilde etkili olan karbondioksit salinimidir. iklim krizinin etkilerinin son derece hizli arttigi 2020 yili
itibariyle, maksimum degerini géren karbon salinimlarinin azaltiimasi hikimetler, bireyler ve 6zel
sektor igin bir zorunluluk haline gelmistir. Kuresel sicaklik artisini 2021 yili sonunda 2 °C derece ile
sinirflandirmayr ve mimkiinse 1,5 °C derecenin altinda tutmayi hedefleyen Paris Anlagsmasi 2015
yilinda dizenlenen COP21 zirvesinde kabul edilmistir. Tirkiye’nin 11 Ekim 2021 tarihinde 193. llke
olarak imzaladi§i Paris anlasmasina gore; her llke, atmosfere atti§i karbon dioksit emisyonlarini 1990
yili degerlerini esas alarak 2030 yilinda %50 oraninda ve 2050 yilinda da %100 oraninda azaltacagini
kabul etmistir.

Bu galismada konu kapsaminda en dnce sifir enerjili binalar igin nelerin yapilabilecegi, mikemmel bir
sifir enerjili bina tasarimin unsurlarinin neler oldugu degerlendirilmistir.

Anahtar Kelimeler: Paris anlasmasi, neredeyse sifir enerjili bina, iklim degisikligi

ABSTRACT

It is experienced today that global climate change has adversely affected life in many parts of the
world and the world for a long time. Globally, it is the emission of carbon dioxide that is very effective
in climate change. As of 2020, when the effects of the climate crisis increase extremely rapidly,
reducing carbon emissions, which see its maximum value, has become a necessity for governments,
individuals and the private sector. The Paris Agreement, which aims to limit the global temperature
increase to 2 °C degrees by the end of 2021 and to keep it below 1.5 °C degrees if possible, was
adopted at the COP21 summit held in 2015. According to the Paris Agreement signed by Turkey as
the 193rd country on October 11, 2021; Each country has accepted that it will reduce its carbon
dioxide emissions into the atmosphere by 50% in 2030 and 100% in 2050, based on 1990 values. In
this study, what can be done for zero-energy buildings and what the elements of a perfect zero-energy
building design are are evaluated within the scope of the subject.

Keywords: Paris agreement, almost zero-energy building, climate change

1 GIRIS

Dunyayl ve Ulkemizi etkileyen kuresel iklim degisikligi Enerji verimliligi mevzuatinda yapilan son
degisiklik ile belirli buyuklikteki yeni binalarda yenilenebilir enerji kullanimi zorunlu hale getirilmistir.
Cevre, Sehircilik ve Iklim Degisikligi Bakanligi tarafindan Resmi Gazete'nin 19 Subat 2022 tarihli
sayisinda yayimlanan yonetmelik ile ilgili dizenlemeye Neredeyse Sifir Enerijili Bina (NSEB) kavrami
eklenmistir ve bu kavram “ylksek enerji performansina ve ayni zamanda belli oranda yenilenebilir
enerji kullanimina sahip olan bina” olarak tanimlanmistir.
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Diizenleme ile 1 Ocak 2023 tarihinden itibaren toplam yapi ingaat alani 2.000 m?'nin Ustlinde olacak
tim binalarin NSEB ilkelerine gére insa edilmesi ve bu binalarin birincil enerji ihtiyacinin en az
%10’unun yenilenebilir enerji kaynaklarindan karsilanmasi zorunlulugu getirilmistir.

Ayrica NSEB niteligindeki binalarin Enerji Kimlik Belgesindeki enerji performans sinifi B veya daha iyi
olmasi da getirilen bir diger zorunluluk olmustur.

Bununla birlikte diizenlemeye eklenen iki gegici madde ile NSEB projeleri igin gereken yapi insaat
alani 1 Ocak 2023 ile 1 Ocak 2025 arasinda 5.000 m?, yenilenebilir enerji kullanim oraninin ise %5
olarak uygulanacagi hikmu getirilmistir.

Bugun Dinyada  Turkiye’de  iklim  degisikligi  telafisi ~zor  bir  seviyeye  ulasti.
Bilimsel tespitler bu krizin en 6nemli nedeni Sera gazi emisyonlari oldugunu gdstermektedir.
Tdm dinya, sera gazi emisyonunu disirmek icin gesitli politikalar gelistirirken, Turkiye de Yesil
Mutabakat ve Paris Anlasmasr’ni imzalayarak bu alandaki hassasiyetini ortaya koydu.
Paris Anlagsmasi'na imza veren ulkeler, ¢cogunlugu 2050 yilinda olmak Uzere Net Sifir emisyona
ulagsma hedefini segti.

Avrupa Birligi, 1990’a kiyasla 2030 yilina kadar net emisyonlarini en az yizde 55 azaltmak ve 2050
yilina kadar “ilk iklim nétr kita” olmak igin ¢calismalarini baglatti.

Emisyonlar azalmazsa ne olur?. Bu soruya cevap* “Kiresel atmosfer sicaklik artigi 1,5-2 °C arasinda
tutmak Uzere politika ve stratejiler gelistiriimesi gereklidir. Kiresel sicaklik artigi 2 °C gecerse, diinya
Uzerinde blyuk bir oranda ¢éllesme, mercanlarin yok olmasi, asiri sicaklarin yarim milyara yakin
insani etkilemesi, yliz milyonlarca insanin yoksulluk sinirinin altina dismesi gibi sonuglar ortaya
cikabilir. Bunlara, gida glvenligi, biyolojik gesitliliginin ve ormanlarin buyuk risk altinda olacag! da
eklenebilir. Ayrica bu etkiler blylk go¢ dalgalarina neden olabilir. Ekonomiler bozulur ve dinya
gezegeninde yasam zorlagir.

2. PARIS ANLASMASI VE TURKIYE iGiN ONEMi

4 Kasim 2016, madde 21(1) uyarinca. Sézlesme su tarihte yurirlige girer: S6zlesmeye Taraf Olan en
az 55 Tarafin muhasebelestirildigi tarihten sonraki otuzuncu giin toplamda, toplam kiresel sera gazi
emisyonlarinin en az yuzde 55'i onay, kabul, tasvip veya katiima belgelerini tevdi etmis olmak,[1].
Not: Paris Anlasmasi, 12 Aralik 2015 tarihinde, 30 Kasim - 13 Aralik 2015 tarihleri arasinda Paris'te
diizenlenen Birlesmis Milletler Iklim Dedisikligi Cerceve Sézlesmesi Taraflar Konferansi'nin yirmi
birinci ofurumunda kabul edilmistir. 20. maddesi uyarinca, Anlagsma, 22 Nisan 2016 tarihinden 21
Nisan 2017 tarihine kadar New York'taki Birlesmis Milletler Genel Merkezi'nde, Birlesmis Milletler iklim
Degisikligi Cerceve Sézlesmesi'ne Taraf olan Devletler ve bbdlgesel ekonomik blitiinlesme orglitleri
tarafindan imzaya acik olacaktir,[1].

3. BINA ISITMASI VE ATMOSFERDFEKi KARBONDIOKSIT EMiISYONUNA ETKiSi

Enerji kaynaklh emisyonlarin yizde 25’i binalar kaynakldir. Hem dinyada hem de Tulrkiye'de sera gazi
emisyonlarinda en buyuk etkenin enerji tiketimindendir. Binalarda enerji tiketimi en buyik paya
sahiptir ve bunlarda gerceklesecek bir dénidsimin o6nceligi vardir. Turkiye’de enerji kaynakh
emisyonlarin yaklasik doértte birinin binalar kaynakh oldugu tespit edilmistir. Bu oranin bile iklim
degisikligiyle micadelede Sifir Enerji Binalarin 6nemini agik bir bicimde ortaya c¢ikarmistir.
Eneriji tiketiminin sadece c¢evreye degil ekonomiye de olumsuz etkileri vardir. Turkiye'deki cari agigin
yuzde 70'i enerjiden kaynaklanmaktadir. Bu oran 2021 vyilinda daha da blyimdustur.
Turkiye istatistik kurumu (TUIK) verilerine gére Tirkiye'nin 2021 yili toplam ithalati 271,4 milyar
dolardir, toplam ihracati ise 225,3 milyar dolar olmustur. Aradaki fark 46,1 milyar dolardir. Sadece
enerji ithalati ve arasindaki fark ise 42,1 milyar dolara ulagsmistir. Aradaki farkin yizde 90'I enerji
kaynakldir.

Hedef; Sifir Enerji Binalar ile enerji tiketimini disUrerek Tlrkiye ekonomisine katki saglamaktir.

3.1 Atmosferdeki Karbondioksit Orani Ve Kiiresel iklim Degisikligi

Atmosferdeki karbondioksit orani ppm birimi ile verilir, anlami bir milyon pargacik icindeki karbondioksit
tanecigi sayisidir. Sanayilesme 6ncesi 280 ppm diizeyinde olan bu degder son 800 bin yildir 300 ppm
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seviyesini agsmamistir. Atmosferdeki karbondioksit yogunlugu degerinin 350 ppm’in Ustline ¢ikmasi
iklim degisikligi agisindan guvenilir sinirin asildigi anlami tagsimaktadir. Guvenilir sinir aylik ortalama
deger ilk defa 1988'in Ocak ayinda oOlgilen 350,39 ppmile asiimistir. ABD Ulusal Okyanus ve
Atmosfer Idaresi’ne bagli olarak Havai'de faaliyet gdsteren Mauna Loa istasyonu tarafindan 1958
yilinin Mart ayinda yapilan élgiimlerde 317,71 ppm olarak tespit edilmistir. ABD Mauna Loa istasyonu
tarafindan 2019 yilinda yapilan dlgiimlerde Atmosferdeki karbondioksit oraninin 2019 yili Agustos ayi
ortalamasi bir yil dncenin ayni dénemine goére 2,96 ppm artis ile 409,95 ppm olarak tespit edilmigtir.
Atmosferdeki karbondioksit orani 12 Mayis 2019 glinu ilk defa 415 ppm seviyesini agsmistir ve 415,27
ppm olarak Ol¢ilmustir. 15 Mayis 2019 gini 415,64 ppm olarak kaydedilmis deger ile artis egilimi
devam ettigi anlasiimistir.

3.2 AB Konseyinde Sifir Emisyonlu Binalar Hedefi i¢in Mutabakat

AB Konseyinde Sifir Emisyonlu Binalar Hedefinde Mutabakat 27 Ekim 2022 saglamistir. Konsey
2050°de binalarda sifir emisyona ulasilmasini hedef olarak tanimlamistir. Avrupa Birligi Konseyi Giyesi
Ulkeler Binalarda Enerji Performansi Direktifinde 6nemli giincellemeler igceren degisiklik onerilerinde
mutabakat saglamistir. Konseyin 6nerisine gére Avrupa Birligi Ulkelerinde 2028 yilindan itibaren insa
edilecek tim yeni kamu binalarinin, ve 2030 yilindan itibaren de diger tim binalarin sifir emisyon
ilkelerine gore insa edilmesi gereklidir,[2],[3].

4. SIFIR ENERJILI BINA

Isitma, sogutma, aydinlatma ve diger tiketimleri icin ¢ok dusuk miktarda enerji ihtiyaci olan ve bu
ihtiyacini da tamamen yenilenebilir enerji kaynaklarindan temin eden bina, sifir enerjili binadir.
Bu binalar, ¢ok dislk eneriji ihtiyacina sahip olabilmek ve ihtiyag duyduklari enerji miktarini belirli bir
slire boyunca yenilenebilir kaynaklar yoluyla yerinde (veya uzakta) Ureterek elde edebilmek igin, eneriji
verimliligi ve yenilenebilir enerji Gretimi kavramlarini bir araya getirir. Bu kavramin bir 6tesi olan Net
Sifir Karbon Bina da Dunya Yesil Bina Konseyi (WorldGBC) tarafindan vyillik bazda salinan
karbondioksit emisyonlari miktarinin sifir veya negatif oldugu binalardir.

Sifir Enerji Binaya ulasmanin en kisa yolu Pasif Ev standartlar ile inga edilen binadir. Pasif Ev
standartlari evrensel prototiptir ve her iklim bdlgesinde uygulanabilir. Bir bina Pasif Ev Standartlari ile
tasarlanip hayata gegirildiginde, olagan binalara gére yizde 95 daha az enerji harcanir. Bu da dogaya
salinan zararh gazlarin gok ylksek oranda azalmasi demektir.

4.1 Giinesten Enerji Uretme

Bu kapsamda yeni binalarda termal veya fotovoltaik gunes enerjisi yatinmi yapmak zorunludur
Avrupa birligi Gye ulkelerinin mutabakat sagladigi ilkelere gbére tim yeni binalarin glines enerijisi
kaynakli enerji Uretim potansiyelini en verimli kullanilacak sekilde tasarlanmasi zorunludur,[4]. ilk
olarak 31 Aralik 2026’ya kadar taban alani 250 metrekarenin Ustinde olacak tim yeni kamu ile konut
digi binalarinin bu ilkeye gbre tasarlanmasi gereklidir. Zorunluluk 31 Aralik 2027’ye kadar da taban
alani 400 metrekarenin Ustinde olan mevcut tim kamu ile konut disi binalara uygulanacaktir. 31
Aralik 2029'a kadar da tim vyeni konut binalarinin yizoélgimlerinden bagimsiz sekilde gines
enerjisinden en yuksek seviyede yararlanacak sekilde tasarlanmasi gereklidir. Tarihi, Dini ve Savunma
amacli insa edilecek binalar igin zorunluluklardan istisna uygulanabilecektir.

4.2 Tiim Bina Stokunun 2050’ye Kadar Sifir Emisyonlu Olmasi

Avrupa Konseyi 2050 yilina kadar tim bina stokunun sifir emisyon degerine ulasmasi hedefi
dogrultusunda, mevcut binalarin yenilenmelerinin hizlandirilmasi, kéti performansa sahip binalarin da
kademeli olarak kullanimdan kalkmasi igin bazi ilkeler énermistir. Buna gére AB Ulkeleri binalar igin
metrekare basina kullanilabilecek azami birincil enerji miktarina karsilik gelecek asgari ener;i
performans standartlari olusturacaktir. Ulke yénetimleri ulusal bina stoklarinin 1 Ocak 2020 itibariyla
belirlenmis olan enerji kullanim degerlerini baz alarak, en dusuk verimlilik degerine sahip bolimlerini
tespit etmeleri gerekli gérmustir. Binalarin %15’lik ilk bélimin en disuk verimlilik degerine sahip olan
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binalar icerecek sekilde tespit edilmesi gereklidir. ikinci bélimde ise %25’lik verimlilik degerine sahip
nispeten daha az kotii olan binalarin olmasi gerekmektedir. ilk agamada 2030 yilina kadar en verimsiz
%15’lik bolimde yer alan konut disi tim binalarin 2030 yilina kadar mevcut %25’lik bolimin verimlilik
degerine yikselmesi gerekecektir. 2034 yilina kadar ise de bu binalarin tamaminin halihazirda %25’lik
bolim igin belirlenmis enerji verimliligi esik degerinin de altina inecek sekilde yenilenmesi gerekecektir.

4.3 Enerji Performans Kriterleri A° ve A+ Eklenmesi

Devletler ayni zamanda 2050 yilina kadar bina stoklarinin tamamen sifir emisyonlu olmasi igin Ulusal
Planlarini belirleyecektir, ayrica sifir emisyonlu binalar igin A° yenilenebilir enerji kaynakh Uretim
yapilan binalar igin de A+ kategorileri eklenecektir.

Ayni zamanda bina tasarimlarinda elektrikli araglar igin sarj noktalari, bisikletler igin park yerleri gibi
ulagim altyapisina yonelik zorunluluklar da olacaktir. Uye devletler bina stoklarinin birinci ve nihai
enerji tiketimlerini ile sera gazlarinin azaltimi igin 2030, 2040 ve 2050 yillari igin ulusal hedefler iceren
yol haritalari hazirlayacaktir ve ulusal bina yenileme planlarini yayimlayacaklardir. Devletlerin ilk
planlarini 30 Haziran 2026'ya kadar hazirlamalari ve sonraki her bes yilda bir bu planlari
glincellemeleri gereklidir.

Avrupa Birligi Ulkelerinin nihai enerji tiketiminin %401 ve enerji kaynakh sera gazi emisyonlarinin
%36’s! binalarda gerceklestigi tespit edilmistir. Konseyin verilerine gére AB Ulkelerindeki mevcut
binalarin %75’i enerji verimsiz binalardir ve gerekli verimlilik sartlarina ulasmalari i¢in genis Olcekli
yenilemeye gereksinimleri vardir. Turkiye’de bu konuda bir ydonden; Sahis binalari ve Kamu binalari
diger yonden; Kanunlar ve standartlar belirlenmeden 6nce insa edilmis binalar, Uluslararasi ve ulusal
kanunlar standartlar kabul edildikten sonra insa edilmis binalar ve insa edilecek binalar
seklinde calismalar yapilmasi ve sonuglarin ortaya konulmasi gereklidir,[5],[6]. Buna gbére zaman
planli is planlari hazirlanmasi, duyurulmasi ve uygulanmasi gereklidir.

4.4 Binalarda Birim Alan Basina Yillik Tuketilecek Enerji Miktari

Binalarda birim alan basina yillik tuketilecek enerji miktari, 05 Arahk 2008 tarihli, 27075 sayili Resmi
Gazete’de yayimlanan “Binalarda Enerji Performansi Yénetmeligi” ile tanimlanmistir ve uyulmasi
zorunludur,[7]. Dis iklim sartlari, ic mekan gereksinimleri, mahalli sartlar ve maliyet etkinligi, binanin
butin enerji kullanimlarinin degerlendiriimesini saglayacak hesaplama kurallar belirlidir,[8].

Birincil enerji ve karbondioksit (CO2) emisyonu degerlerine gore siniflandiriimasi gereklidir,[9]. Yeni ve
Yenilik yapilacak mevcut binalar icin minimum enerji performans Olgutleri,[10] ile yenilenebilir eneriji
kaynaklarinin uygulanabilirligi ilgili standartlarda ve ydonetmeliklerde acgiklanmigstir,[7],[8].

Turkiye'nin 2053 yilinda karbon nétr olma hedefine yénelik olarak yuritilen ¢galismalarda Ulusal Eneriji
Plani hazirhginda sona gelindigi Enerji ve Tabii Kaynaklar Bakanhdi, Enerji isleri Genel MidurlGg,
Enerji Arz Givenligi, Piyasalar ve istatistik Dairesi Bagkanh§ tarafindan 27 Eylil 2022 tarihinde
aciklanmistir.

4.5 Enerji Etkin Bina Degerlendirme Buyiikliikleri

Enerji etkin binalarin enerji kimlik karti hazirlanmasinda esas alinan blyuklukler, Tablo 1'de
verilmigtir,[10],[11].

Tablo 1. Bina enerji etkinligi degerlendirme biyukleri.

Enerji Ekin Bina Degerlendirme BuyuklUkleri
(Verilmis degerler, F Enerji Kimlik Sinifi Bir Bina icin drnektir)

A/V-Orani 0,61 1/m Bina Enerji Yénetmeligine gore
Bina faydali alani An 670,2 m? Bina Enerji Yonetmeligine gére
Ozgiil transmisyon is1 kaybi Hr 1,3 W/(m%K)

Isitma Is1 Gereksinimi Qn 150,0 kWh/(m?yil) DIN V 4108-6,

Kullanim sicak suyu Isl Qu 12,5 KWh/(m>2yil) DIN V 4701-10 uygun ve
gereksinimi Normlarda agiklanmig

Tesisat maliyet sayisi ep 1,8 hesaplama kurallarina gore
Birincil enerji gereksinimi Qp=(Qn+ Quw) . ep 292,5 KWh/(m?yil)

CO; emisyonlar* 79,0 kg CO2/(m?yil) GEMIS 4.13 bolimiine uygun

*Ay bina faydalanma alani iliskili
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4.6 Enerji Etkin Bina Degerlendirme Skalalari

Enerji etkin binalarin degerlendirme skalalari, Tablo 2.’de gosterilmistir. Standartlara uygun olmayan
bir binada ulasilan gergek degerlere yakin dederler Tablo 2.’nin son stitununda érnek olarak verilmistir.

Tablo 2. Enerji etkin bina dederlendirme skalalari

cok az orta yiiksek  cok yiiksek| Gergekten ulagilan
Bina dis kabugu I I I I I I I I I 150,0 kWh/(m?2yil)
An yuzeyi ile iligkili 1sitma 100 125 150 200 250>>>

1s1 gereksinimi

Tesisat Teknigi I I I I I I I I I 1,80

Tesisat maliyet sayisi 14 16 18 20 225 25>>>
birincil enerjiye gore

I 1T 1T 1T 1T 1T 11 1

COp-Emisyonlar 200 27,5 375500 625 750875 100 125>>>| /9.0kg CO/(meyi)

4.7 Enerji Etkin Bina Yaklagimi ile Bina Enerji Gereksinimi Degigimi

Yirmi yilhik slre iginde 6rnek proje uygulamalari ile ulasiimis enerji etkin bina Isitma enerjisi
gereksinimindeki azalma sekil 1 ile gosterilmistir,[11].
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4.7 Sifir Enerjili Bina Yaklasimi ile Bina Enerji Gereksinimi Degisimi

Ultra-disuk enerjili evin dis bilesenlerin 1s1 kayiplarinin kullanim alani ile ilgili oranina bagl
maliyetlerinin degisimi Sekil 2’de gosterilmistir.
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Sekil 2. Bina yapi elemani enerji gereksinimi

5. SONUG VE DEGERLENDIRME

Ekonomik, politik ve cevresel surecler kalkinmada rol oynamaktadir. Minferit sémineler sicak su
merkezi 1sitma sistemleri ile degistirildi. Ginimuz evlerinin dusik 1s1 gereksinimi nedeniyle, isitma
sistemindeki sicakliklar azaltilabilir ve bodylece dagitim kayiplari azaltilabilir. Simdiye kadarki
deneyimler, 45 °C su sicakliklari optimum sistem sicakligina ulasmayr mumkin kilmistir. Katlanarak
artan 1sitma alani boyutlarina ek olarak, daha kuguk sicakliklar da pompalar belirgin daha buyuk
isletim enerjilerine gerektirmektedir. Dusik isitma devresi sicakliklari nedeniyle, alternatif 1si
jeneratorleri, gines kolektdrleri gibi, daha verimli entegre edilebilmektedir.

Binalarin 1s1 arzi i¢in gelecek vaat eden 1si pompalarinin kullaniminin da bundan sonra 6ne ¢ikacagi,
kazanlarin yerini alacag! tahmin edilmektedir. Isi pompalari ile 1sitma islemi sirasinda toprak, su ve
havadan kazandigi ilave isinin yenilenebilir olup olmadidi tartismasi, AB’nin Yenilenebilir Eneriji
Kaynaklarinin Kullaniminin Tegvik ve Desteklenmesi Direktifi (2009/28/EC, RES Directive, Article 2)
ve Binalarin Enerji Performansi Direktifi'ne (2010/31/EU, Article 2) alinmasiyla ¢6zime ulagmistir.
Bolgesel isitma, glines ve rizgar enerjisi, 6zellikle enerji kaynaklarinin birlikte kullanildigi esnek, hibrid
sistemler tercih edilmelidir. Yeni sistemlere verilecek tesviklerde performans 6n plana ¢ikariimalidir.
Verimi dislk sistem ve cihazlarin kullanimi ve uretiimesi yasalar cercevesinde engellenmelidir. Bu
uygulamalarin tercih edilmesini saglamak igin uzun vadeli disik faizli krediler kullandirilabilir ve
kullanici tarafinda avantajli eneriji tarifeleri diizenlenebilir.

Son zamanlarda yasanilan iklim degisiklikleri, net veya yaklasik sifir enerjili (nZEB/NZEB) bina
standartlari ile ilgili yaklagimlar 6nem kazandirmistir. Bir yandan, yasami zorlastiran hava kosullari,
iklim ve enerji verimliligi bilincini artirmis ve politik/dizenleyici hedeflerin ortaya konulmasina sebep
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olmustur. Diger yandan da isil konforun s6z konusu oldugu modern ofis binalari &6zellikleri ve
beklentiler tanimlanmistir.
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OzZET

Hepimizin tanik oldugu iklim degisikligi, ¢evre Kirliligi ve jeopolitik durum, toplumumuzun uygun
fiyatli, glvenli ve surdurulebilir enerjiye olan baglihdini kesin olarak ortaya koymaktadir. Avrupa Yesil
Anlagmasi'nin iklim noétrligld  konusundaki iddiali  hedefleri, farkli enerji sektérlerini karbondan
arindirmak icin cesur eylemler gerektiriyor. Avrupa'daki mevcut binalar, AB'nin enerji tiketiminin
%40''ndan ve sera gazlarinin %36'sindan sorumludur. Hirvatistan'daki yapi stoku, nihai enerji
tiketiminin  %44,23'UnG olusturmaktadir. En alakali sektdrlerden biri olan 1sitma sektorl, yerel
yenilenebilir enerji kaynaklarina dayanan disik karbonlu teknolojileri kullanmalidir. Ulusal ener;ji
mevzuat ¢ercevesinde 6nemli olarak kabul edilen ve vurgulanan bu kaynaklardan biri, 1s1 pompalaridir.

Bu yazida farkli kaynak 1si pompalari uygulamalarinin potansiyeli sunulmaktadir. Deniz suyu, yer ve
hava kaynakli i1s1 pompalari icin iyi uygulama &rnekleri sunulacaktir. Bu teknolojinin daha fazla
benimsenmesi i¢cin ana konu, planyalardan, tasarimcilardan, bilimsel ve profesyonel personelden
eyalet ve yerel seviyelere kadar farkli hedef gruplarin genel teknik bilgisine ve kapasitesine yapilan
yatirimdir.

Anahtar kelimeler: Karbondan arindirma, Karbondioksit emisyonu, Isi pompasi,

1. GIRIS

Isi pompalarinin kullanimi, biyik dlgtde, toplam degisim isisinda, daha kiguk bir kismin yatirim
enerjisine ve daha buyuk bir kisminin ¢gevreden gelen yenilenebilir enerjiye harcanmasi gergeginden
kaynaklanmaktadir. Isi pompalarinin en iyi verimliligi, 55 °C'ye kadar akis sicakliklarina sahip disik
sicaklik ve orta sicaklktaki isitma sistemlerinde kullanildiginda gdsterilir, ancak bunlarin uygulanmasi,
90°C'lik akis sicakliklarina kadar yiksek sicaklk rejimleri icin de mumkunddr. Endustriyel
uygulamalar s6z konusu oldugunda, ticari olarak temin edilebilen i1si pompalari 140 °C'ye kadar akis
sicakliklarina izin verir, ancak 1si rezervuarinin sicaklik farkinin sinirlamalari nedeniyle (30 - 90 °C)
yuksek sicaklikta 1s1 kaynaklari gerektirir.

Isi pompasi pazari, birka¢ yildir Avrupa Birligi dizeyinde kurulu Unite sayisinda ilerici bir artis

gbérmustar. Avrupa Isi Pompasi Birligi (EHPA) verilerine gore, 2021 yilinda kurulu cihaz sayisinda yilhk
%34'luk bir artis kaydedilmigtir (Sekil 1).
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Heat pump sales in 21 European markets
- 2.2 million units +34Y%
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Sekil 1: AB 21 lilkeler kapsaminda yeni kurulan 1s1 pompalarinin yillik sayisi

Enerji déntsimindn yiksek verimliligi ve 1s1 pompalari s6z konusu oldugunda yenilenebilir
enerjinin gevreden paylarinin kullaniimasi, fosil yakit sistemlerine kiyasla enerji tasarrufu ve
karbondioksit emisyonlarinda azalma saglar. CO2 emisyonlarini azaltma olasihgi, gi¢ sisteminin tahrik
icin bir enerji kaynadi olarak yapisina ve cihazin verimliligine baglidir. Isi pompalarinin arkasindaki
rizgar, enerji gecisi icin dizenleyici 6n kosullar saglamayi amaclayan 'Tum Avrupalilar i¢in Temiz
Enerji' paketinin bir pargasi olarak bir dizi direktiftir. Ozellikle 6nemli olan, neredeyse sifir enerijili
binalar (nZEB) kavramini ortaya koyan ve son yillarda AB Uye Devletlerinin ulusal mevzuatina
aktarilan binalarin enerji performansina iliskin 2010/31/EC sayili Direktiftir. Ozellikle, Hirvatistan'da, 1
Ocak 2021'den itibaren tim yeni binalarin neredeyse sifir enerjili binalar olmasi gerektigine dair karar
yurlrlikte. Bina kategorisine bagli olarak, i1sitma, sogutma, havalandirma ve aydinlatma igin
maksimum birincil enerji miktari ve yenilenebilir kaynaklardan gerekli enerjinin minimum % 30'u regete
edilir.

Avrupa Yesil Mutabakati (COM 2020), AB icin temel stratejik kalkinma belgesi ve 2050 yilina
kadar iklim nétrligine ulasma cabalarinin temelidir. Sera gazi emisyonlarinin % 60'a kadar
azaltilmasini gerektirir ve yalnizca 1sitma ve sogutmanin nihai enerjinin yaklagik % 51'ini tukettigi ve
toplam COz emisyonlarinin % 27'sini Urettigi gz 6nlne alindidinda, enerji sektériinde iddiali hedeflere
blylk bir katki beklenmektedir. Isi pompalarinin, Avrupa Yesil Anlasmasi'nin g¢esitli unsurlari iginde
gelecekteki enerji sisteminde ve her seyden once temiz enerji arzi, temiz sanayi ve enerji ve
kaynaklarin verimli kullanimi ile enerji yenileme unsurlarinda rol oynamasi beklenmektedir.

Isi rezervuarinin Ozellikleri, 1s1 pompasinin ¢alismasini buyik o6lgide etkiler, dncelikle isi
kaynaginin kapasitesi, yil boyunca sicaklik degiskenligi ve belirli bir 1s1 rezervuari formunun
kullaniimasinin yatinm ve igsletme maliyetleri. Isi kaynaklarinin en yaygin bélinmesi ¢evresel hava,
toprak, su ve atik isidir (Sekil 2).
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Sekil 2: Cesitli 1si pompasi tasarimlari (1a — evaporatér, ¢calisma sivisi suyu; 1b — evaporatér, galisma
sivisi havasi; 2 — kompresor; 3 — kondenser; 4 — genlesme vanasi; 5 — dikey toprak kaynakli isi
esanjorl; 6 — pompalama ve dalgi¢ kuyusu; 7 — yatay toprak kaynakli is1 esanjori)

2. ISI POMPASI TEKNOLOJILERI
2.1 Toprak kaynakl 1s1 pompalari

Toprak, havadan sonra en yaygin isi rezervuaridir, ancak toprak somurusu, toprak isi
esanjorinun performansiyla ilgili daha ylksek yatirim maliyetleri gerektirir. Zeminin bir 1s1 rezervuari
olarak temel avantaji, termal ataletidir. Yil boyunca havaya kiyasla dnemli dlciide daha kuguk sicaklik
salinimlari vardir. 2 metreden daha buyuk derinliklerde, mevsimsel sicaklik genligi 10°C'den azdir ve
10-20 metrenin altindaki derinliklerin artmasiyla zemin sicakhdinin zaman degiskenligi ortadan kalkar.
Toprakla i1s1 degisimi, topradin termal dzellikleri ve toprak isi esanjorinin performansi ile sartlandirilir.

Toprak I1s1 esanjorinin tipine bagli olarak, sistemler yatay ve dikey olarak ayrilabilir (Sekil 3).
Her iki durumda da, bunlar, bir ara eneriji vericisinin (bir su sogutma sivisi ile bir su karigimi) toprak 1si
esanjorinden aktigi, toprakla 1si aligverisinde bulundugu ve sistemin 1sitma veya sogutma modunda
calisip galismadigina bagli olarak evaporator veya kondenser Gzerindeki 1si pompasina aktardidi ara
sistemlerdir.
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Sekil 3. Isi pompasina bagl dikey sondaj deligi 1s1 esanjori (1 — evaporatdr, 2 — kompresér, 3 —
kondenser, 4 — genlesme vanasi, 5 — sondaj delidi 1s1 esanjori),[3]

Sekil 4, Velika Gorica'daki isletme isitmasi igin kullanilan 15-70 kW isitma kapasitesine sahip
bir yeralti suyu I1s1 pompasini gostermektedir. Cift U borularinin tasariminda 100 m derinlige sahip
sekiz sondaj deligi 1s1 esanjori topraga désenmistir. Isitma sisteminin dagilimi, yerden isitma ve fan
konvektorlerinin birlesimidir.

Sekil 4: Sekiz sondaj deligi 1si esanjorlii toprak kaynakli 1si pompasi
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2.2 Su kaynakli 1s1 pompalari

Bir 1sI rezervuari olarak su, ylzey sularini (goller, nehirler, denizler) ve yeralti sularini igerir.
Literatlrdeki yeralti ve yeralti suyu sistemleri, dogrudan ve dolayl sistemlere ayrilan jeotermal isi
pompalari kategorisinde gruplandiriimistir. Suyun temel avantaji, yil boyunca daha disik sicaklik
degiskenligidir, bu da daha derin su soyutlamasi i¢in daha fazla ifade edilir ve sivi ile 1sI esanjoriiniin
duvari arasinda iyi is1 transferidir. Su kullanmanin en blylk dezavantajlari, fiziksel veya yasal
kisittamalar nedeniyle mevcudiyeti ve boru ve 1si esanjoru yuzeylerinin korozyon ve mikrobiyolojik
kontaminasyonunun olusmasini destekleyebilecek su bilesimidir (ara i1s1 eganjdrlerinin montaji).

2.2.1 Deniz suyu i1s1 pompalari

Isitma modundaki deniz suyu 1sI pompasi sistemleri yenilenebilir 1si kaynadi olarak denizin
termal enerijisini kullanir (Sekil 5b), sogutma modunda ise ortamdan alinan is1 denize aktarilir (Sekil
5a). Deniz suyunun asindirici 06zelligi géz o©ntne alindiginda, deniz suyu, IsI pompasi
evaporatorindeki sogutucu akigkanla isi1 aligverisinde bulunmaz, ancak is1yr korozyona dayanikli bir
ara 1sI esanjorundeki bir ara ¢calisma ortamina aktarir.

ARANNNN

o, m
i .

Sekil 5: Deniz suyu I1si pompalari — a) sogutma modundaki su; b) i1sitma

Isi pompalarinin ¢alismasi igin deniz suyunun soyutlandigi denizin derinligi 0 - 20 m'dir. Deniz
ne kadar derin olursa, suyun mevsimsel sicaklik salinimlari o kadar kiguk olur. Denizin dikkate alinan
derinligi denizin ylzey tabakasidir ve bu tabakadaki sicaklik degisimlerine denizin termohalin
ozellikleri denir, atmosfer ile 1s1 degisimi, riizgar gibi dogal olaylarin neden oldugu deniz hareketi veya
insan faktorleri (gemilerin hareketi vb.) gibi ¢esitli fiziksel faktorlerden kaynaklanir. [2].

Interreg projesi SEADRION.

SEADRION projesi — "Adriyatik-lyon bélgesinde deniz suyu i1si pompalarini kullanarak isitma ve
sogutma teknolojilerinin gelistiriimesini tegvik etmek", amaci 1si pompalari alaninda inovasyon
yeteneklerini gelistirmek ve Adriyatik-iyon bolgesindeki deniz suyu isi pompalarinin sayisini artirmak
olan Avrupa Bodlgesel Kalkinma Fonu'nun ortak finanse ettigi bir projedir. Projenin temel amaci,
Adriyatik-iyon bdlgesinde 1sI pompasi sektdriiniin inovasyon kapasitesini ve deniz suyu - su Isi
pompalarina dayali 1sitma ve sogutma kullanimini gelistirmek icin arastirma kurumlari ve girketler
arasindaki bilimsel ve teknolojik isbirligini desteklemek amaciyla ulusétesi bir deniz suyu i1si pompalari
ag! kurmaktir.

Projeye 4 llkeden 6 kurum katildi: Makine Miuhendisligi ve Deniz Mimarhgi Fakultesi, Zagreb
Universitesi - UNIZAG FSB, lider ortak olarak ve Dubrovnik Kalkinma Ajansi - DURA (Hirvatistan),
GoriSka Yerel Enerji Ajansi - GOLEA ve Izola Belediyesi (Slovenya), Arastirma ve Teknoloji Merkezi -
CERTH (Yunanistan) ve Dogal Kaynaklar Ulusal Ajansi - AKBN (Arnavutluk).

Proje, 2018'den 2021'e kadar surdi ve bu sire zarfinda, bu tir sistemlerin uygulanmasi
sirasinda karsilagilan sorunlari ve engelleri (yonetim, ylritme, cevresel etki) tanimlamak ve
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operasyonlarini izlemek (tiketim, verimlilik, tasarruf) amaciyla ikisi Hirvatistan'da ve biri
Yunanistan'da olmak Uzere U¢ deniz suyu - su I1sI pompasi pilot tesisi kuruldu. Ayrica, proje
kapsaminda, bir numune olusturmak amaciyla, dort ortak Ulkenin her birinin temsili tesisleri igin
deniz suyu - su IsI pompalarinin uygulanmasinin enerji ve ekonomik analizi ile ¢gevresel etki analizi
gerceklestiriimistir.

Sekil 6: Pilot tesis Rektor Sarayi, Dubrovnik
Dubrovnik'teki Rektoér Sarayi'nda insa edilen pilot tesis (Sekil 6) 432 kW kapasiteye sahiptir.
Isitma sicakligi rejimi 50/45 °C'dir. Su soyutlamasi 7 m derinliktedir.

2.2.2 Yeralti suyu 1s1 pompalari

Yeralti suyunu, pompalamay! ve dalgiglari pompalamak igin aralarinda mimkin oldugunca
fazla mesafe olacak sekilde iki kuyuya ihtiyag vardir (Sekil 6. Pompalama kuyusu, galismanin her
aninda yeterli su saglamalidir, yani pompalama kuyusunun bollugu, bu 1s1 pompasinin tasarimi i¢in en
o6nemli kosuldur. Batik pompa, pompanin igletme maliyetlerini azaltmak igin genellikle 25 ila 30 m
derinlikte (akiferin derinligine bagli olarak) monte edilir ve pompanin altinda, kum ve safsizliklarin
birikmesine izin veren serbest bir kuyu yiksekligi birakilir. Sistem boyutlandirilirken, yeralti suyu
pompasinin akisi, evaporatér tzerindeki suyun 3 °C ila 5 °C arasindaki sicakhk farki Uzerinden
hesaplanir.  Literatlr, 1 kW evaporatér kapasitesi basina 0,25 m?3/s su akisina iligkin verileri
aktarmaktadir.
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Sekil 7: Yeralti suyu 1si pompasinin kalitatif gbsterimi

Sekil 8, Zagreb'in merkezinde, 1sitma ve sogutma icin 420 kW kapasiteli bir su/su 1s1 pompasi
kullanan Palace otelini gostermektedir. Sistem 2016 yilinda yenilenmistir. Mevcut 60/50 °C isitma
sistemi korunurken, sogutma modu 11/16 °C'dir. 20 m derinlikte yeralti suyu 18 I/s kapasitede
soyutlanir ve 350 kW i1sitma modunda is1 yikunu kapsar.

Sekil 8: Zagreb'in merkezindeki Hotel Palace bir su/su 1sI pompasi kullaniyor

2.3 Hava Kaynakli Is1 Pompalari

Cevresel hava, en buyik ve en uygun fiyath 1s1 rezervuaridir. Sémuriimesi, yliksek baglant
maliyetleri gerektirmez, ancak yalnizca bir dig Unitenin kurulabilecegdi erisilebilir ve givenli bir alan
gerektirir (Sekil 9). Dis Unite, kurulum yerini segerken géz éniinde bulundurulmasi gereken dahili fanlar
ve kompresorler nedeniyle bir guriltd kaynagini temsil edebilir.
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vanjska jedinica DT

Sekil 9: Alan 1sitma ve sogutma igin hava/su 1s1 pompasinin (bélliinmiis versiyon) kalitatif gésterimi

Havanin en blylk dezavantaji, bir i1si rezervuari olarak, Isi pompasinin kapasitesini ve
verimliligini etkileyen yil boyunca sicakhgin yuksek degdiskenligidir. Bu nedenle, bu tip 1s1 pompalari
cogdunlukla pik 1s1 yUkl icin boyutlandirimaz, ancak sistemler ek bir 1si kaynagdi (gogunlukla bir
elektrikli 1sitici) ile birlikte gergeklestirilir. Ek olarak, kis aylarinda, havadaki nem nedeniyle evaporator
borularinda hoar don ve buz goérunebilir ve bu da cihazin verimliligini daha da bozar. Ancak tim bu
eksikliklere ragmen cihazin performansi her gegen gun iyilestiriimekte, verimlilik artmakta ve hava/su
Isi pompalari pratikte kurulu Unite sayisinda en yiksek blylimeye sahiptir.

Su anda, Avrupa Yapisal ve Yatinm Fonlari programindan finanse edilen IRl 2 gelistirme
arastirma projesi uygulanmaktadir: Dogal sogutucu akiskanli bir hava / su 1si pompasinin arastiriimasi
ve gelistiriimesi. Projenin bir pargasi olarak, bir Hirvat hava/su 1si pompasi gelistirildi ve Uretildi.
Makine Mihendisligi ve Gemi ingaati Fakiiltesi'nde, gelismis i1s1 pompalarinin test edilecegi ilgili bir
ortamda sofistike bir pilot tesis faaliyete gegirilmistir (Sekil 10).

-

Sekil 10: FSB lzerinde hava/su i1si pompasi ile laboratuvar tesisati
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3. SONUG

Bir teknoloji olarak 1s1 pompalari, 2050 yilina kadar Avrupa Birligi'nin rekabetgi bir disuk karbon
ekonomisine ve iklim noétrligiine ulasma hedeflerinde vazgecilmez bir faktordir. Uzun yillar boyunca,
mevcut dizenlemeler 1si pompalarinin kullanimini tesvik etmeyi amacglamaktadir ve ayni sey AB
duzeyinde gelecekteki yonetmelik degisikliklerinden de beklenmektedir. Konvansiyonel enerji
kaynaklarinin arzindaki belirsizlik ve artan dogal gaz ve elektrik fiyatlari, strdirdlebilir ve ener;ji
tasarruflu sistemlerin uygulanmasinda yeni zorluklar ortaya koymaktadir. Bu nedenle alternatif isitma
sistemlerine gegis, enerji planlamasi, uygulanmasi ve igletiimesi igin kapsamli bir yaklasim gerektirir.
Bu makale, 1si1 kaynaklari olarak su, toprak ve hava ile pratikte uygulanan sistemlerin drnekleri ile 1si
pompasi teknolojisine genel bir bakis sunmaktadir. Hirvatistan'da 1s1 pompasi teknolojilerinin daha
genis ¢apta uygulanmasina yonelik temel zorluklar, geleneksel isitma sistemlerine kiyasla daha zorlu
olan teknolojiye yatirrm yapmaya yonelik finansal mekanizmalarda yer aliyor. Ayrica, vazgegilmez bir
parca, farkli seviyelerde profesyonel kapasitelere yatirrm yapmaktir.
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OzZET

PV moddlleri, gelen glines i1siniminin sadece 10-20%’sini faydali ise donuUstirirken radyasyonun
%40-50’si 1silya donusur. Biriken 1sil enerji PV hucrelerinin tGzerinde 1sil gerilmeye neden olur ve
bdylece elektriksel dénlisim verimliligini énemli Olglide azaltir. PV Panel Uzerindeki sicakligin
yukselmesi panelin performansi olarak nitelendirilebilen maksimum ¢ikis guclind, yik altinda ve
yukslz galistirmada uretilen akim ve gerilim degerlerini olumsuz etkiler. Bu galismada farkh sicaklk
degerleri altinda bir Mono-Kristal gines PV panelinin davranisi deneysel olarak incelenmistir. PV
panel Uzerindeki farkli sicaklik degerlerinin elektriksel gii¢ ¢ikisini etkiledigi deneysel sonuglarda
belirlenmistir. Artan PV panel ylzey sicakhdi akim, gerilim ve glg¢ Uretimi gibi elektrik parametrelerine
negatif etki yapmis ve PV panel verimliligini azalttigi tespit edilmistir. YUkIG devrenin Urettigi
maksimum gig, PV panel sicaklidinda 44.71 °C’ de 15.01 W'dir. PV panel sicakligi 75 °C'ye kadar
yukseldiginde, maksimum Uretilen gugten yaklasik 14%'luk bir kayipla gicin 12.92 W'a dustugu
g6zlemlenmigtir. Ayrica ¢alisma sonunda PV panellerde 1sinmadan kaynakli gu¢ dretimindeki kayiplari
azaltmak ve bdylece PV panel verimliligini artirmak igin PV modilinin arka tarafina yerlestirilecek
FDM iceren uygun bir deneysel dizenek ile PV modilinin galisma sicakhdi kontrol edilerek PV panel
verimliliginin artirimasiyla ilgili 6neriler verilmistir.

Anahtar Kelimeler: PV yuzey sicakhgi, PV panel, PV gli¢ degisimi

1. Girig

Enerji, herhangi bir Ulkenin ekonomik kalkinmasinin temelini olusturur ve orada yasayan insanlarin
yasam kalitesini iyilestirmede 6nemli bir rol oynar. Gelisimin hemen hemen her alaninda enerjinin
6nemi ve tarihsel veriler, enerji mevcudiyeti ve ekonomik faaliyet arasinda 6énemli bir iligki oldugunu
ortaya koymaktadir. Fosil yakitin bu konuda énemli ve guvenilir bir rol oynamasina ragmen, bir sire
boyunca durmak bilmeyen kullanimi kuresel isinma ve iklim degisikligi konusunda ciddi sorunlar
yaratmistir.

Cevresel bozulma ve enerji kithgi konusundaki farkindaligin artmasi, pek ¢ok arastirmaciy! temiz ve
yenilenebilir enerji kaynaklari aramaya tesvik etti [1]. Gunes enerjisinin kullanimi, temiz ve
surdurulebilir oldugundan dikkat ¢cekmeye basladi. Glnes enerjisi kullanimi igin en umut verici
teknolojilerden biri fotovoltaik (PV) enerji Uretim teknolojisidir. Giines fotovoltaik kapasitesi, 2013
yilinda ginde 100 MW'hk ylksek bir hizla hizli bir sekilde artmis ve toplam kapasite 2015'te 177 GW
artmistir [2]. Her ne kadar PV sistemleri ticarilestiriimis ve yaygin olarak kullanilsa da ¢cogu PV panel
ideal galisma kosullari altinda sadece%15-20'lik bir fotoelektrik ddnlisim verimine sahiptir [3].
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PV malzemeleri ve cihazlari giines 1s1gini elektrik enerjisine dénugstirur. Tek bir PV cihazi hiicre olarak
bilinir. Bireysel bir PV hucresi genellikle kiguktur ve tipik olarak yaklasik 1 veya 2 watt gug¢ Uretir. Bu
hacreler, farkh yar iletken malzemelerden yapilmistir. Agik havaya uzun yillar dayanabilmesi igin
hicreler, cam ve/veya plastik kombinasyonundaki koruyucu malzemeler arasina sikistirilir. Bir solar
PV panelinin ana katmanlari sunlardir: dig cam, yansima 6nleyici kaplama (ARC), PV hicreleri, etilen-
vinil asetat (EVA), metal arka kontak ve polivinil florir (PVF) film. Bu katmanlarin termo-fiziksel
Ozellikleri Tablo 1'de [4] sunulmustur. Fotovoltaik paneller, tasarim teknolojisine ve Ureticiye bagl
olarak farkli katmanlara sahip olabilir. PV hiicrelerinin gii¢ ¢ikisini artirmak i¢in, moddller veya paneller
olarak bilinen daha buyuk birimler olusturmak Uzere zincirler halinde birbirine baglanirlar. Daha sonra
bir veya daha fazla dizi, eksiksiz bir PV sisteminin parcasi olarak elektrik sebekesine baglanir. Bu
moduler yap! sayesinde, kucUk veya blylk hemen hemen her tirli elektrik enerjisi ihtiyacini
karsilamak icin PV sistemleri kurulabilir.

Tablo 1. Fotovoltaik panel katmanlarinin ézellikleri

Katman Kalinlik (m) Isil Yogunluk (kg/m3)  Ozgiil ISl
iletkenlik kapasitesi J/kg.

Cam 0.003 1.8 3000 500

ARC 100 x 107° 32 2400 691

PV Hucreleri 225x107° 148 2330 677

EVA 500 x 107° 0.35 960 2090

Arka Kontakt 10x 107° 237 2700 900

Tedlar 0.0001 0.2 1200 1250

Bir PV hicresinin performansini tanimlamak icin Standart Test Kosullari (STC) kavramina ihtiyag
vardir [5]. Bir fotovoltaik panel tarafindan Uretilen referans elektrik guici, 25 °C' lik bir hiicrenin
ortalama sicakhigr ve 1000 W/m?lik giines radyasyonu yodunlugu icin tanimlanir. Bu kosullarda, PV
hicresi, Watt-peak (W) cinsinden &lgilen maksimum gucu uretir. Bu deder Ureticiler icin gecerlidir,
ancak gercek calisma kosullarinda bir PV hicresinin gucu, sicaklik dedisimlerine ve glnes
radyasyonu seviyesine baghdir. Bir PV hicresine ulasan ¢ogu gines radyasyonu elektrige degil,
termik enerjiye donustirular, bu da hicre sicakhgini arttirir [6]. Fotovoltaik (PV) modillerde sicaklik
artislari, aninda verimlilik kayiplarina yol agar ve uzun slreli bozulmayi hizlandirabilir. YUlksek
sicakliklarda galisan silikon PV modiilleri, giines enerijisinin elektrik enerjisine donistirilmesinde daha
disuk verimlilik gosterir. PV ile elde edilen glines isisi orani, ortama kaybolan isi oranindan daha
yuksek oldugunda sicaklik yikselmesi kaginiimazdir. Silikon hiicre sicakliginda 1 Kelvin kadar artis,
mutlak dénistim verimliligini 0,08% oraninda dusurerek, gic cikisini 0.45% azaltmaktadir [7].15 K
sicaklik artigi, gic cikisini yaklasik 7% oraninda azaltir. Silikon gunes pilleri, 2012 yilinda mevcut
global pazar PV'nin yaklagsik 86%'sini olusturmustur [8]. Bunun nedeni, silikonun yaygin olarak
kullanilan, toksik olmayan, kolay bir sekilde katkili olmasidir [9]. Sekil 1 (a), sabit solar radyasyonda
dort farkli sicaklikta bir gunes pilinin ¢ikis glcinun, (F) ve voltajinin (U/;) varyasyonunu

gOstermektedir [10]. Grafik, gerilemeden dnce voltajla ilk gi¢ artisini géstermektedir. Maksimum ¢ikis
glcunun P, (T) sicaklik bagimlilidi, sicaklik arttikga giciin azalmasini yansitir. $ekil 1 (b) 'de, bir PV

panelinin ¢ikis glici ve voltajinin bir grafigi, sicaklik yikselmesinin bir silikon PV panelinin gli¢ azalimi
Uzerindeki etkisini vurgulamaktadir.
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Sekil 1. (a) Silikon solar hiicre voltaji ile gu¢ degdisimi (b) Silikon panel sicakliginin voltaji ile gig
degisimi

Siddiqui ve digerleri [11] tarafindan, degisen cevre ve galisma kosullari i¢cin PV panelinin 1sil ve
elektriksel performansini tahmin edebilen ¢ boyutlu bir sayisal model gelistirdikleri bir ¢alisma
yapiimistir. Sonuglar, dogrusal olarak artan elektrik enerjisi ile verimlilikte 8,47%'den 10,5%'e kadar
degisiklik godstermektedir. Pantic ve digerleri [12], glines sicakhginin ¢ikis gucu ve verimliligi
Uzerindeki etkisini tahmin etmek igin dogrusal ve dogrusal olmayan modeller gelistirmistir. Sonuglar
bes farkli modelle karsilastirnimistir ve dogrusal olmayan modelin glines radyasyonu yodunlugundaki
ve glnes modulinin sicakhgindaki degisimlerle gok daha iyi uyum gdsterdigini géstermistir. Xing Ju
ve digerleri [13], glines pili sicakli§gi 10-120 °C araligindayken ylksek konsantrasyon kosullari altinda
galisan glines pillerinin sicakligini tahmin etmek igin gelistirilmis bir ydntem sunmuslardir. Fotovoltaik
panellerin sicakliginin degisimi de literatir boyunca g¢esitli galismalarda sayisal olarak incelenmisgtir.
Hamrouni ve digerleri [14], MATLAB/Simulink yazilimini kullanan bir ¢galisma sunmuslardir. Razhaghi
ve Mosavi [15], MATLAB Simulink kullanarak fotovoltaik sistemlerin incelenmesini ve similasyonunu
bildirmistir ve radyasyon veya sicaklik girisi, maksimum gug¢ noktasindaki 6nemli degisiklikleri
yansitmaktadir. Bir galisma, hiicre sicakhgindaki 22°C'lik distsiin PV modulinde 10,3%'lik bir ener;ji
kazancina yol agtigini géstermistir [16]. YUzey sicakligindaki her 1K artisin acgik devre gerilimindeki
azalmanin 0,45% ve kisa devre akimindaki artisin 0,09% oldugunu bir baska ¢alisma daha ortaya
koymaktadir [17]. Benzer sekilde, silikon giines pilinin yizey sicakligindaki her 1°C'lik artig igin agik
devre gerilimindeki azalmanin 2mV oldugunu bildiren baska bir g¢alisma daha vardir [18]. Bu
calismalardan, acik devre gerilimindeki azalmanin kisa devre akimindaki artistan daha fazla oldugu
sonucuna varilabilir.

Sunulan bu ¢alismada, PV hicre sicakhdinin elektrik enerjisi Gretimi ve gu¢ degisimi Uzerindeki etkisi
analiz edilmistir. Tim analizler laboratuvar kosullarinda 1000 W/m?2 1sinima sahip halojen lambalar
altinda gergeklestirilmistir.

2. Deneysel Kurulum

Sicakliktaki artislar, gtines pilinin maksimum gu¢ Pmaks, agik devre gerilimi Voc ve kisa devre akimi lsc
gibi elektriksel parametrelerini etkileyen giines pilinin bant araligini azalttigi yapilan bu deneysel
calisma ile de tespit edilmistir. Sunulan galisma, 1000 W/m? sabit isinim altinda deneysel galigsmalar
yapilarak kanitlanmistir. ideal olarak, modili maksimum giic noktasinda calistirmak igin ohm
yasasindan yuk direncini su sekilde hesaplayabiliriz:

%4
Ryuk = Im_p
mp

Bu calismada 25 W mono kristal glines paneli kullaniimistir. Kullanilan giines paneline ait elektriksel
parametreler Tablo 2’de gdsterilmistir.
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Tablo 2. 25W mono-kristal glines panelinin elektriksel 6zellikleri

Gii¢ Pm (W) 25W
Gerilim (Maks. Giig) Vimp (V) 20.84V
Akim (Maks. Giig) Imp (A) 1.23A
Acik Devre Gerilimi Voc (V) 24.62V
Kisa Devre Akimi Isc (A) 1.28A
Hiicre Sayisi 36

Acik devre voltaji (Voc) ve kisa devre akimi (Isc), genellikle giines pillerini karakterize etmek igin
kullanilan iki ana elektriksel parametredir. Bu deneysel ¢alismada yik direnci olarak 50W 22R Ohm
degerinde aliminyum diren¢ kullanilmigtir. Yapilan c¢alismadaki yUk altindaki gunes panelinin
baglantisinin sematik olarak gosterimi Sekil 2’de verilmistir.

Direnci

~y

Gerilim

Sekil 2. Glnes panelinin baglantisinin sematik gosterimi

Yapilan deneysel galisma neticesinde, glines panelinin sicakhdinin artmasiyla birlikte, maksimum
¢ikis glictiinde (Pmaks), yukteki gerilimde (Vmp) ve yukteki akimda (Imp) dogrusal bir azalma meydana
gelmistir. Deney, 20 °C'den baslaylp 75 °C'ye kadar, 1000 W/m?lik sabit bir glic altinda
gerceklestiriimistir. Bu sabit gug, halojen lambalarla elde edilmis ve deneysel kurulum Sekil 3'te
gOsterilmigtir.
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Sekil 3. Deneysel kurulum

Deney sirasinda PV panelin 3 farkh noktasindan yizey sicaklk 6lgima yapiimistir ve bu sicaklik
degerlerinin ortalamasi alinarak panelin ylzey sicaklik degeri belirlenmistir. Halojen lamba ile panelin
yuzeyi isitildiinda panel yuzey sicakhdinin ortalama dederini almak icin bu ydntem
gercgeklestiriimistir. Olctimi yapilan her bir 1sil gift igin sicaklik degerlerinin kargilastiriimasi Sekil 4’ te
gosterilmistir. Elde edilen bu sicaklik degerlerinin ortalamasi alinarak PV panelin ortalama yizey
sicakligi belirlenmistir ve Sekil 5’te de gosterilmistir. Sekil 6, bir termal kamera kullanilarak kaydedilen
25,7 °C'de solar panelin sicaklik profilini gdstermektedir. Sicaklik dlgimleri K tipi 1sil ¢ift, veri toplama
icin veri toplayici olarak “Measurement Computing USB-2416” kullanilmigtir. Ayrica gerilim ve akim
degerlerini 6lgmek icin dijital multimetre kullaniimistir.

PV Panel Yiizey Sicakliklari

3

=

ki @ Sicaklik_1

A W Sicaklik_2
A Sicaklik_3

Zaman (Dakika)

Sekil 4. PV panel ylizey sicaklik degerleri
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Sekil 5. PV panel ortalama yiizey sicakligi

Deney boyunca yuk direnci Uzerindeki gerilim ve akim degerlerinin degisimi gézlemlenmistir ve gigc
degisimi P =V xI formilinden hesaplanarak sonuglar Tablo 3'te verilmistir. Degisen sicaklik
degerlerine karsi uUretilen gu¢ degisimi Sekil 7’de gosterilmistir. Sicaklik degisimi boyunca panelden
uretilen gerilim degeri en yuksek 18.31 V en diguk 16.99 V, akim degeri en yiuksek 0.82 A en dusik
0.76 A olgulirken maksimum gig 15.01 W iken Uretilen minimum gig ise 12.92 W olarak élgtlmustur.

Trefl=20 Tatm=20 Dst‘2 0FOV 23

2022-11-10 10:30:39| 40 - +120 e-O 96 .

Sekil 6. Termal kamera kullanilarak 25,7 °C'de kaydedilen sicakhk
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Sekil 7. Sicaklik-Gig grafigi

Tablo 3. Gerilim, akim ve gug degerleri

Gerilim (Vmp AKIM (Imp Gig¢ (Pm
18,05V 0,811 A 14,63855 W
17,88V 0,8A 14,304 W
18,09 V 0,81 A 14,6529 W
18,02V 0,808 A 14,56016 W
18,31V 0,82 A 15,0142 W
18,18 V 0,814 A 14,79852 W
17,98V 0,806 A 14,49188 W
17,69V 0,793 A 14,02817 W
17,28V 0,775 A 13,392 W
17,07V 0,765 A 13,05855 W
16,99 V 0,761 A 12,92939 W

3. Sonuglar ve Degerlendirme

Yenilenebilir enerji kaynaklarindan guines enerijisi, 6zellikle diger gu¢ kaynaklarina erisimin zor oldugu
uzak bdlgelerde daha cazip hale gelmigtir. Glnes enerjisi sisteminin ¢ikis glcu, gunes radyasyonuna
ve PV panelinin ylzey sicakhdina baghdir. Giines paneli sicakligi, 6zellikle blylk bir sistemde, bir
fotovoltaik sistemin verimliligi Gzerinde blylk bir etkiye sahiptir. Ayni zamanda sicakligin, Pmaks, Vmp
ve Imp gibi diger ¢ikis parametreleri (izerinde de etkisinin oldugu bilinmektedir. Bu nedenle, bir solar PV
sistemi kurmak igin yer segimi ¢ok onemlidir. Solar panel sistemlerini kurmak igin disuk sicakhgda
sahip bir yer secilmelidir ¢linkli daha yuksek sicakliktaki bir ortamda kaybedilen her watt, daha blyik
bir verim kaybi anlamina gelmektedir. Solar PV panel sicakhidinin 6nemi bu ¢alismada belirtildigi gibi
ihmal edilmemelidir. Sunulan bu calismada artan PV panel sicakliginin degismesiyle gu¢ degisimi
deneysel olarak belirlenmistir. Deneysel analizde sabit isinim altinda panel ylzey sicakhdinin degisimi
g6zlemlenmistir. YUk altinda iken sicaklik degisimlerine karsi solar panelin tepkisi OlgulmuUstir.
Grafiklerden de gorllecegi lizere solar panelin ylzey sicakhgi 20 °‘C’den 75 °C’ye kadar ylkselmis ve
buna karsi gerilim degeri 18.31 V' dan 16.99 V' a akim degeri ise 0.82 A’ den 0.76 A’ e sirasiyla
dismustir. Sonuglar, giines panelinin sabit isinimla dogrudan glines altinda kullaniimasi durumunda,
PV panel sicakhiginin kademeli olarak artacadini ve devreye bir yik bindiginde elde edilen giciln
dismesine neden olacagi tespit edilmistir. YUkIG devrenin Urettigi maksimum gig¢, PV panel
sicakhginda 44.71 °C’ de 15.01 W' dir. PV panel sicakligi 75 °C'ye kadar yikseldiginde, maksimum
uretilen gugten yaklasik 149%'lUk bir kayipla gliciin 12.93 W'a distigu gézlemlenmistir.
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Silikon hicre sicakhgindaki her bir artis donisim verimliligini azaltarak gi¢ c¢ikisini azaltmaktadir.
Sicakhk artiglarini azaltmak igin uygulanan aktif ve pasif sogutma ydntemleri karsilastinldiginda
fazladan bir enerji ihtiyacina gerek duymadigi ve bdylece ekonomik olarak daha uygulanabilir
oldugundan dolayi pasif sogutma yodntemleri tercih edilebilir. Bu teknikler icinden faz degisim
malzemesi (FDM), 1sil enerjiyi sabit bir faz degisim sicakh@inda emer. ilk 1sitmada FDM duyarli bir
sekilde 1sinir ve erime sicakligina ulastiginda gizli 1siy1 emer. Sonraki ¢caligmalar igin PV moduilinin
arka tarafina yerlestirilecek FDM igceren uygun bir diizenek ile PV modilinin ¢alisma sicakligi kontrol
edilecektir. Boylece sicaklik artisindan kaynaklanan solar panel gli¢ diisiminin en aza indiriimesi
hedeflenmektedir.

Tesekkiir

Bu calisma, Sivas Cumbhuriyet Universitesi Bilimsel Arastirma Projeleri (CUBAP) tarafindan M-2022-
829 proje numarasi ile desteklenmistir.
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GUNEYDOGU TURKIYE'NIN UST KRETASE YASLI KARBONAT
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VE BIYOJENIK GAS MIKTARININ BELIRLENMESI

PRODUCIBLE FLUID BIOGENIC GAS VOLUMES OF THE UPPER
CRETACEOUS UNCONVENTIONAL CARBONATE PLAYS,
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OzZET

Ust Kretase yagh organic maddece zengin karbonat kayalari Giineydogu Turkiye dahil Orta Dogu ve
Kuzey Afrika’da ankonvansiyonel hidrokarbon kaynaklarindan birisidir. Ankonvansiyonal uretilebilir sivi
petrol ve gaz miktarini belirlemek igin Petrol Doygunluk indeksi kullanilir ve S1X 100/TOC formiili ile
belirlenir. Bu galismada yapilan analizlere gére Ust Kretase yasli organic maddece zengin karbonat
kayalari Uretilebilir sivi petrol ve biyojenik gaz potansiyeline sahiptir

Anahtar Kelimeler: Seyl, Petrol, Biyojenik Gaz, Guineydogu Tirkiye

ABSTRACT

Organic matter rich carbonates of the Upper Cretaceous in the Middle East and North Africa, including
southeastern Turkey, are recognized as major unconventional hydrocarbon source rocks. A workflow for
derisking productivity of an unconventional play is examination of the S1 X 100/TOC ratios, which represent
potentially producible fluid oil and gas volumes or oil saturation index (OSI). Analyses show that the Upper
Cretaceous Karababa and Karabogaz formations of the southeastern Turkey have producible fluid oil and
biogenic gas potantial.

Keyword: Shale, Oil, Biogenic Gas, Southeast Turkey

1. Girig
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Yatay sondaj ve hidrolik catlatma teknolojileri ile Uretilen ankonvansiyonel petrol ve gaz son yuzyilin enerji
devrimi olarak bilinmektedir. ABD bu kaynaklar sayesinde diinyada en fazla petrol ve gaz ureten (lke
olmustur’-2. Ankonvensiyonel Uretilebilir sivi petrol ve gaz mikarinin belirlenmesinde Petrol Daygunluk Indesi
kullanilmakta olup, formild S1X100/TOC tir. Burada S1 serbest hidrokarbon miktari ve TOC toplam organik
madde mktaridir. Son yillarda yapilan ¢alismalara gore Uretlilebilir sivi petrol igin bu deger 100 ile 40 mg oil/g
TOC ve biojenik gaz igin <40 mg HC/g TOC 3 olarak 6ngorilmustr.

GD Tiurkiyede yer alan Karababa A Uyesi ve Karabodaz Formasyonu ABD Denver'daki Niobrara
Formasyonu ile benzer olup, yuksek revervli sivi petrol ve biyojenik gaz potansiyeline sahiptirler. Bu
calismanin amaci sd6zkonusu formasyonlarin ankonvansiyonel sivi petrole ve biojenik gaz potansiyelini
belirlemektir.

2. Bulgular

Karababa ve Karabogaz formasyonlarindan 13 kuyudan 123 numunenin analizine gére olgun alanlarda
(0,6-0,91 %Requ olgunluktaki) ortalama petrol doygunluk degerleri 116,51 mg oil/lg TOC bulunmustur. Bu
deger bize bu formasyonlarin sivi petrol potansiyeli oldugunu géstermektedir (Sekil 1).

Karababa ve Karabogaz formasyonlarindan 11 kuyudan 53 numunenin analizine gore olgun olmayan (0,35-
0,58 %Requ olgunluktaki) alanlarda ortalama petrol doygunluk degerleri 72,61 mg HC/g TOC bulunmustur. Bu
deger bize bu formasyonlarin biojenik gas potansiyeli oldugunu géstermektedir (Sekil 1).
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Fig.1 Karababa and Karabogaz formasyonlarinin sivi petrol ve biyojenik gaz potansiyelini gosteren
harita (Sen, 20225 den degistirilmistir).
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3. Sonuglar

Arap Kitasi kuzeyinde, GD Tirkiye’den >50.000 varil/gin petrol Uretiimektedir. Bunun hemen hemen
yarisi konvansiyonel yoéntemlerle Ust Kretase yash Karababa and Karabogaz formasyonlarindan
yapilmaktadir. Bu ¢alisma ile bu formasyonlarin ankonvansiyonel petrol ve biyojenik gaz potansiyeli oldugu ortaya
cikartiimistir. Fakat maalesef bu formasyonlarda herhangi bir yatay sondaj ve hidrolik ¢atlatma yapiimamistir.
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OzZET

Cabir bin Hayyan Ortagag Islam Diinyasinda kurucu ve éncii bir bilim adamidir. Kimyanin babasi
olarak bilinir. Cabir, maddelerin siniflandiriimasini, kimya ilminde kullanilan hassas o6l¢gim aletlerini,
teraziyi, deneylerde kullanilan aletlerin imal etti ve nasil kullanilacagini ortaya koydu. Calistigi bilim
alanlarinda yuzlerce eserin sahibidir.

Cabir laboratuvar islemlerinin esasi olan uygulamalari ve teknikleri tarif etti ve uyguladi.
Buharlastirma, sublimlestirme, eritme, yogunlastirma, kristallestirme, damitma, kalsinasyon (kavurma),
suzme, saflastirma, oksitleme bu tekniklerden bazilaridir. Damitmayl kolaylagtiran imbik aletini
gelistirdi. Metallerin rafine edilmesi ve celik hazirlanmasi konusundaki calismalari ile doékim
tekniklerinin gelismesine katkida bulundu. Maddeleri gazlar, metaller ve minareler olarak siniflandi.
Gaz- basing iliskisini aciklad!. ilk kimya laboratuvarini kurdu. Hassas teraziyi kullandi. Agirlik ve Olgii
Birimlerini hayata gecirdi. Su banyosunun ve kimyasal firinin kullanimini agikladi. Kumas ve deri
boyama maddeleri ve sac¢ boyalarini hazirladi. Kumasi su gegirmez yapan ve demiri koruyan cilalar
yapti. Renkli cam uretimi icin mangan dioksiti; altin renginde yazi yazmak i¢in demir piriti kullandi. Cini
ve seramigi sirlamak konularinda arastirmalar yapti ve urtinler gelistirdi. Yanginda yanmayan bir tir
kagit ile gece okunabilen mirekkep gelistirdi. Metallerin rafine edilmesi ve celik hazirlanmasi dékim
tekniklerinin gelismesine katkida bulundu.

Cabir Bin Hayyan, maddelerin atomik yapisini gosteren tespitler yaparak, kimyevi reaksiyonlarda
belli miktarlarin belirli miktarlarla reaksiyona girdigini sdyledi. Atomun parcalanacagini s6z etti ve
nikleer enerjiye isaret etti.

Cabir, kimya bilimine ve kimya teknolojilerine oldugu kadar bilimsel digslnce sistemine yaptigdi
katkilar ile dikkat gekmektedir. Deneyselligin ve yapilan deneylerin sonuglarinin kati olmayacagini
savundu. Bilimsel dislincenin 6zelliklerini agikladi. Bilimde deneysel galismalari ve gbézlemi merkeze
oturttu. Bilimsel ¢alismalarin temeli olan stpheciligi sahsinda toplayan ve uygulayan bir alim olarak
karsimiza ¢cikmaktadir.

Bu galismada Cabirin ilmi ve duslince hayati ile buluslar ele alinmaktadir. Ayrica, Cabir'in
Kimya'yl temel alip ortaya koydugu dusilince sistemi bilim tarihgilerinin gozu ile sunulmaktadir.

Anahtar Kelimeler: Cabir Bin Hayyan, Fuat Sezgin, kimya bilim tarihi, bilimsel disince, kimyasal
teknolojiler
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ABSTRACT

Jabir bin Hayyan is a founding and pioneering scientist in the Medieval Islamic World. He is known as
the father of chemistry. Jabir produced the classification of substances, precision measuring
instruments used in chemistry, scales, instruments used in experiments, and revealed how to use
them. He is the owner of hundreds of works in the fields of science in which he works.

Jabir described and applied the practices and techniques that are the basis of laboratory operations.
Evaporation, sublimation, melting, condensation, crystallization, distillation, calcination (roasting),
filtration, purification, oxidation are some of these techniques. He developed the retort, which
facilitated distillation. He contributed to the development of casting techniques with his work on metal
refining and steel preparation. Its substances were classified as gases, metals and minerals. He
explained the gas-pressure relationship. He established the first chemistry laboratory. He used the
precision scale. He implemented the units of weight and measure. He explained the use of the water
bath and the chemical furnace. He prepared fabric and leather dyes and hair dyes. He made
varnishes that made the fabric waterproof and protected the iron. He used manganese dioxide for the
production of colored glass; and iron pyrite to write in gold. He made researches on glazing tiles and
ceramics and developed products. He developed a type of paper that does not burn in fire and ink
that can be read at night. The refining of metals and the preparation of steel contributed to the
development of casting techniques.

Cabir Bin Hayyan made determinations showing the atomic structure of substances and said that
certain amounts react with certain amounts in chemical reactions. He talked about the splitting of the
atom and pointed to nuclear energy.

Cabir draws attention with his contributions to the science of chemistry and chemistry technologies as
well as to the system of scientific thought. He argued that experimentation and the results of
experiments would not be conclusive. He explained the features of scientific thought. He put
experimental studies and observation at the center of science. He appears as a scholar who collects
and applies skepticism, which is the basis of scientific studies.

In this study, Cabir's scientific and intellectual life and discoveries are discussed. In addition, the
system of thought that Cabir put forward based on Chemistry is presented through the eyes of science
historians.

Keywords: Cabir Bin Hayyan, Fuat Sezgin, history of chemistry science, scientific thought, chemical
technologies

1. Girig

Bilim tarihi, bilimin ekonomik, siyasi, dini ve toplumsal baglamla iligkisini arastiran bir disiplindir.
Bilim surekli toplumsal degerler ile olan etkilesim icinde oldugundan bilim tarihi dersleri kultirel, dini
ve ahlaki degerlerin fertlere kazandirmasinda énemli bir yere sahiptir.[1]

Bilim tarihi ayni zamanda bir toplumun bilime ne zaman ve hangi durumda katki yapabildidini
Orneklerle ortaya koyar. Bu katkilar yapilirken bilim adamlarinin nasil bir ¢aba igine girdikleri,
kullandiklari yéntemleri, ara¢ ve gerecleri de g6z 6nline serer. Elde edilen bilimsel sonuglarin
uygulamaya nasil gegirildigi, bunlarin insan yasaminda ne gibi degisikliklere yol agtigi daha iyi
gorulur. Dolayisiyla bilim tarihi ve bilim felsefesi ile birlikte sunulan bilimi egitimi  bilimin degerini ve
Onemini ortaya ¢ikarir. Buda 6grenci motivasyonunu artirir.

Ulkemizdeki giincel 6gretim programlarinin genelinde benimsenen felsefe milli degerlere ve kltirel
farkindaliklara atif yapilmasini 6ngorir.[2] Bu atiflar dikkate alindiginda, 6grencilere kulturin ve
degerlerin kazandiriimasinda bilim tarihinin 6nemli bir arag halini geldigi daha iyi anlasiimaktadir. Ne
varki ders ve mifredatlarda bilim ve kultdr iligkisinin geregi gibi kurulamadigi tartisiimaktadir.
Ozellikle ders konulari verilirken bilim tarihi ve bilim felsefesi yeterli ve dogru bir sekilde
sunulamamaktadir.[3]
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Kendi tarihimize ait bilim adamlarinin mufredatta ve ders kitaplarinda yeterli bir sekilde yer almadigi
genel bir kanaattir. Bilim tarihgisi Fuat Sezgin yodun ve kapsamli ¢alismalariyla Mislimanlarin
bilime yaptiklari katkilari ve Tirk islam bilimcilerinin bilimsel alandaki buluslarini belgeleri ile agiga
cikarmistir. Bilimdeki ¢ogu bulus ve gelismeler Rénesansla birlikte Batida/Avrupa’da baslamadi.
Bilimsel calismalar, 8.-16. Asirlar arasinda Mduslimanlar tarafindan gergeklestirildi. Batillar da
Muslimanlardan &grendiler. Ancak ne varki, bu gergekler ders kitaplarina hentz yeterince
yansitilmamistir.

Bu calismada, kimya biliminin kurucusu olarak bilinen Cabir bin Hayyan'in hem bilimsel metot ve
bilim felsefesine hem de kimya bilim ve teknolojilerine getirdigi yenilikler ele alinacaktir.

Bilimsel galismalar, bilimsel metotlar kullanilarak yapilir. Bu amagla dikkatli gézlem ve deneylere
ihtiyagc duyulur. Herkesle ayni evreni go6zlemliyoruz. Her bir arastirmaci/gdzlemci, gordigini
baskalarina da gdsterebilmesi gerekir. Hepimiz ayni evreni ve tabiati paylastigimiz ve algiladigimiza
gbre, bir isbirligi icindeyiz. imece usiilii ile galisiyoruz. Ortak calisma ile fen bilimleri tim insanhgin
ortak mali haline gelir.

Cabir tabiat bilimlerinde deneysel metodun 6énemini kavramis ve bu metodu butin ¢alismalarinda
uygulamis bir bilim adami olarak karsimiza g¢ikmaktadir. Onun, “Bu kitapta duyduklarimizi, bize
soylenenleri yahut okuduklarimizi degil ancak tecriibe ettikten sonra gézledigimiz seylerin 6zelliklerini
zikrettik”[4] seklindeki ifadesi meshurdur. Ortagad kimyacilarinin blyik 6lglide Cabirin tesirinde
kaldigini gériiyoruz. EbQ Bekir er-Razi (865 - 925), ve ibn Sina (980 — 1037) basta olmak lizere bir
cok filozof ve bilginler onu Ustad olarak tanirlar. Deneysel bilimi sistemlestirme Uzerine ¢alismalari ile
Roger Bacon (1219/1220 - 1292) ondan “Ustatlarin Ustadl” diye s6z etmistir.[5] Francis Bacon,
bilimsel metodu onun eserlerinden 6grendigi ve Dekart’in ise onu taklit ettigine bildiriimektedir.[6]
Deneysellige verdigi 6nemi ortaya koyan su s6zl meshur olmustur: “Kimya ilmindeki ilk mihim husus,
pratik uygulamalar yapman ve deneyler yuritmendir, zira pratik tatbikatta yahut da deneysel
¢alismalarda bulunmayan kigi, ilmin en alt seviyelerine dahi erisemez. Ey ogul, deneyler yap ki ilmi
elde edesin. Alimi ellerindeki maddenin bollugu degil, deneysel yontemlerindeki mikemmellik mesut
eder”.[]

1.1 Gahismanin Amaci ve Kapsami

Bu calismada Cabir bin Hayyan'in bilimsel ¢alismalarini, bilimsel disinceye getirdigi yenilikleri ele
alacagiz. Cabir bin Hayyan Uzerinde en kapsamli ¢calismayi bilim tarihgisi Fuat Sezgin yapmigstir. Fuat
Sezgin hoca Akademisyen olarak yer aldi§i Frankfurt Universitesitesinde Cabir bin Hayyan konulu
dogentlik (habilitasyon) tezi hazirladi (1965, Institut fur Geschichte der Naturwissenschaften) ve bir
yil sonra profesér unvani kazandi.[7]

Ailesi hakkinda ¢ok az bilgi bulunan Cabir bin Hayyan 721 yilinda Eczaci bir Turk babanin ¢ocugu
olarak dinyaya geldi. Dogum tarihi kesin olarak bilinmemekte ve yaklagik 815 (H. 200) yilinda 96
yasinda vefat ettigi kabul edilmektedir. Bir rivayete gére asil ismi Kayahan'dir. Horasan’'in Tus
kentinde dogmus, kiigiik yasta ailesi ile birlikte Kufe'ye gé¢ etmistir. ilk hocasi, 6. imam olarak bilinen
Cafer-i Sadiktir. Bilimde ilham kaynaginin Cafer-i Sadik oldugunu kendi eserlerinde 6zellikle
belirtmektedir. imam’in 765 yilinda dlmesi lzerine, Harun Resid déneminde Abbasilerin hizmetine
girdi. Cabir, kisa sirede Harran Universitesinde buginki rektér makamina tekabiil eden reis-ul
muderrisin olarak galismalarina devam etti.

Cabir bin Hayyan’in kimya, tip, fizik, astronomi, felsefe alaninda yazdig 1000’i askin kitabi vardir.
Kitaplarinin ¢cogu uygulamali fizik ve kimya, teorik kimyaya aittir. Fizik, kimya, matematik, astronomi ve
dinler tarihi konularinda da kitaplari vardir.[8]

Her ne kadar Cabir'in galismalari tip, astronomi, matematik, felsefe ve dénemin diger ilim alanlarina
yayllmigssa da o birinci derecede bir kimyaci olarak kabul edilir. Onun kimya tarihindeki seckin yerini ilk
tesbit eden ve kimyayi sistemli bir deneysel bilim haline getirdigini ilk géren ingiliz Bilim tarihgisi Eric
John Holmyard’in (1891-1959) oldugunu sdyleyebiliriz. Bu arastirmaci, ilimler tarihinde Cabir’in yalniz
kimyaci degil ayrica tabip, filozof ve astronomi bilgini sifatlariyla da 6zel bir yere sahip oldugu
gOrusundedir. Alman kimyaci ve bilim tarihgisi Edmund Oscar von Lippmann (1857 — 1940) Cabir’in
kimya tarihindeki yerinin Robert Boyle (1627-1691). Joseph Priestley ( 1733-1804)ve Antoine Lavoisier
(1743-1794 gibi modern kimyanin kuruculari ile denk oldugunu séylemektedir.[9]
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2. Cabir’in Buluslari ve Teorileri

Cabir bin Hayyan hakkinda en kapsamli galismalari Fuat Sezgin’in yaptigini belirtmistik. Sezgin,
Hayyan’in kimya bilimine katkisini ve seviyesini su ifadelerle 6zetlemektedir:[10]

“Cabir, Islam diinyasina katilan kiiltir merkezlerinden bazi hocalardan ve kitaplardan kimya bilimini
ogrendi. Bu bilimin Cabirde vardigi yiksek dlzey, bize ulasan kitaplarindan kolaylikla takip
edilebiliyor. O karsimiza sayisal ve deneysel temellere dayanan, sonraki ¢ok kiiglk katkilar bir tarafa,
kimya bilimini ancak 18. ve 19. yizyillarda aslilabilecek bir diizeye getirmisti. O, zamanla kimyanin
disinda, alanini bitin dogal ve filozofik bilimlerle genisletmis bir doda filozofu olarak karsimiza cikiyor.
O bdtdn evrenin  matematiksel Olguler esasina dayandidini dugtndyor, bunu “mizan” diye
adlandiriyordu. insanin evrenin biitiin sir perdelerini yirtabilecegine, kimyasal yoldan, hayvan ve insan
yaratilabilecegine inaniyordu.”

Cabir bin Hayyan ‘in gogu kaynaklarda ye alan bilimsel ufku ve bilimsel dislinceye getirdigi yenilikleri
su sekilde 6zetleyebiliriz:

Cabir bin Hayyan, butun ilimler tarihinde, 6zellikle kimya alaninda ilk defa laboratuvar kuran ve ilk defa
misahede ve deney yolunu bilimsel arastirmaya kazandiran ilim adamidir. Cabir bin Hayyan’in hem
tahayyil, hem de teori (nazariye) ve deney/tecriibe sahasina getirdigi yeni aciklama yaklagimlari ile
sasirtmaktadir. 20. Ylzyilda ancak gindeme gelen, gergekligine ulasilan konulari gindeme getirdi.
Mesela bilimsel ¢alismalarla canlilarda bile degisiklikler yapabilir demistir. Bu dislncesini su sozlerle
acikladi: “Allah bize fiziki kanunlar vermistir. Bunlarla bitki, hayvan hattd insandaki benzerini
yapabiliriz. Allah besere 6yle kabiliyetler bahsetmistir ki, beser, kainattaki butlin sir perdelerini bununla
¢6zmeye muktedirdir.”

Cabir’in ancak 20. Yuzyilin sonlarinda gindeme gelen genetik biliminin sinirlarini ¢izen agiklamalara
nasil ulastigi tartisiilmaktadir. Cabir bu disincelere ulasmasinda onun butin tabii olay ve 6zelliklerin
sayl kanunlariyla ve matematikle halledilebilecegi distincesi bulundugunu soéyleyebiliriz. Esyanin
Ozelliklerinin élcimlemeye elverigli oldugunu ve bu 6zelliklerin sayisal nispetlere dayandirilabildigini
gormus ve ifade etmistir. Su s6zu bu konuda dikkat ¢ekicidir:

“Kimyasal olaylar tabiatta Cenab-1 Hak’kin takdiriyle meydana gelmekledir. Kimyager, tabiatta
meydana gelen kimyasal tepkimeleri gerceklestiren kigidir. Bilim adami, kegfedilmis bir bulugtan yola
cikarak baska buluslar ortaya gikarabilen insandir”

Cabir bin Hayyan’in genetik biliminde oldugu kadar nikleer bilim hakkinda da ilk s6zi sdyleyen ilim
adami (alim) olarak bilinir. Yunan filozoflari atom parcalanamaz (clzi layetecezza) demistir. Cabir ise
aksine atomun da parcalanabilecegini ve onun enerji dolu ve hareketli oldugunu sdyledi. Hayyan’in
atom yerine “zerre” kavramini kullandigini gériyoruz.[11] Zerrenin pargalanmasi sonucunda ortaya
muazzam bir enerji ¢gikacagini ifade etti. Su s6ziu meshur olmustur:

“Yunanlilarin atom dedikleri ‘cliz-i la yetecezza’ da pargalanir ve bundan eneriji hasil olur. Bu dyle bir
enerjidir ki, benzetmek gibi olmasin, Allah’in kudreti gibidir. Bir habbecigin bu sekilde pargalanmasi
Allah gdstermesin, Bagdat gibi bir sehiri yok edebilir.”

Cabir zerre yani atom/element Uzerinde yapti§i calismalarla Yunanl bilginlerin “atom maddenin
parcalanamayan en kaguk birimidir” tezlerini ¢ciritmektedir. “Her zerrede bir hareket vardir, gokteki
yilldiz ve gezegenlerin hareketinde oldugu gibi. Her maddenin en énemli 6zelliklerinden biri harekettir.
En klglk zerrelerde bile bir hareket vardir ve bu onlarin en kigik 6zelligidir. Durma ve hareketsizlik
diye bir sey yoktur. Hareket kéinatin biricik Yaraticisinin yaratistaki sanatidir.”

2.1 Cabir’in Kimya Bilimi ve Endiistriyel Kimya Alanindaki Caligmalari

Fuat Sezgin'in islam Uygarliginda Mimari, Geometri, Fizik ve Kimya kitabinda da yer alan Cabir’in
buluslarina dair bilgileri su sekilde 6zetleyebiliriz: [12]

Cabir bin Hayyan'in cevherleri ayristirarak hangi temel elementlerden olustuklarini belirleyebilmek igin
damitma, kristallendirme, stizme ve buharlastirma gibi farkli yontemler uyguladi. Bu amacla gesitli
laboratuvar ara¢ ve gereci kullandi. Hidroklorik asit, nitrik asit, sitrik asit (limonda ve portakalda
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bulunur) ve asetik asit (sirkede bulunur) gibi maddeleri kesfetti. Asitleri nétrlestiren maddelere “alkali”
adini verdi. Asitlerin nétrlesmesi icin belirli miktarda alkali (baz) gerektigini kegfetti. Kesfettigi asitler
yaninda altini ¢ézen kral suyu (nitrik asit + hidroklorik asit karigimi) dretim yollarini gésterdi. Altin ve
civa elementlerinin saflastirima metotlarini ortaya koydu. Tuzlarn suda ¢6ziinen maddeler olarak
siniflandirdi. Sapi kristallendirme ile saflandirdi. Civa oksit, gimus nitrat, arsendz asit, sitrik asit,
tartarik asit ve potasyum nitratin Uretiimesi gibi daha baska kimyasal maddelere ait Uretimi ve
hazirlanmasi icin teknik ve yollar gelistirdi.

Cabir bin Hayyan’in yirmiden fazla laboratuvar arag gereci kullandigi biliniyor. Ayrica Cabir bin Hayyan
ile ilgili Latince kaynaklar arasinda yer alan ve kimyasal firin resimlerinin bulundugu Liber florum
Geberti isimli kitapta kimyasal firin modellerine yer verildigini belirtiyor.[13] islam Bilim ve Teknoloji
Tarihi Mizesinde bu aletlerin benzerleri yapilmis ve orada sergilenmektedir.[14]

Ozetle belirtecek olursak, Cabir bin Hayyan, kantitatif ve kalitatif prensiplere dayanan bir bilim olarak
kimyanin kurucusudur. Silfirik asid, nitrik asid, sodyum karbonat ve potasyumun mucididir. Zehiri ve
zehirli maddelerin yapilarini inceledi. Bu konuda edindigi tecribelerini Kitdb-is-Sumum adl eserinde
topladi.

Dr. Sigrud Hunke (Alman felsefe doktoru, 1913- 1999) Cabir i¢in sunlar sdyler: “Madenlerin o zamana
kadar bilinen basit eritime metotlar yerine, Cabir, bizzat Urettigi nitrik asit, sulfirik asit ve altin eritme
suyunun yardimiyla eritme metotlari gelistirdi. Bu sayede Cabir ve ondan sonra gelenler sayisiz
sentezler yaptilar. Bunlardan: Civa oksit, zincifre (kirmizi kursun oksitin eski adi), arsenik, amonyak,
gumus nitrat, sap, géztasi ve yakici potas gibi daha bagska birgok terkip elde ettiler.”

Cabir kesfettiklerinin topluma nasil yansitilacagina dair durmadan kafa yoran bir arastirmaci oldu.
Cabir’e gore tabiat insanlar igin her tirll teknolojik sirlari barindirmaktadir. Bir temel bilim olan kimya
gindelik uygulamalara yansidigi olgtide faydali olacaktir. Cabir deneysel calismalari ile sag boyalari
hazirliyor, kumasi su gegirmez yapan ve demiri koruyan cilalar icad ediyordu. Cam uretiminde
manganez dioksiti; altin renginde yazi yazmak igin demir piriti kullaniyordu. Ateste yanmayan bir tir
kagit ile gece okunabilen mirekkep gelistirmistir. Bitkilerden elde edilen sivilarla derilerin nasil
boyanacagini ve nasil sepilenecegini (dabaglanacagini) gosterdi. ilk imbigi yapan ve kullanan Cabir
bin Hayyan'dir. Kimyasal Ozellikler (izerine bly(k kitabinda agirlik ve élgi birimleri, kimyasal bilesikler
ve boyalar gibi konular yer almaktadir. Bu eserlerde su banyosunun ve kimyasal firinin  kullanimi
acgiklanmaktadir

Cabir, deney yoluyla elde edilecek bilgi ve prensiplerin kati ve degisebilecegini; bilginin arastirma ile
yanlislanabilir yada dogrulanabilir oldugunu biliyordu. Bilginin kesin degil ihtimallere dayandigdi
Uzerinde durdu (zanni ve ihtimali). Metodunun esasinin ‘mazbut migsahede ve saglam tecribe’
oldugunun altini gizmistir. Bu yaklagim bugin modern bilim calismalarinin temelini teskil ettiginden
Cabir'in deneysel calismada bilimsel metodun ilk uygulayicisi oldugu kabul edilir.

2.2 Kath Oranlar ve Sabit Oranlar Yasalari

Cabir'e gore, madde zerre denen parcaciklar halindedir. Kimyanin gorevi ise bu zerreleri birbirinden
ayirmak ya da birbiriyle birlestirmektir. Onun s6zinU ettigi bu parcaciklar maddenin eskiden beri
bdlinmez, parcalanmaz sayilan en ufak 6geleri, yani atomlardir. Daha genel anlamda bilesikler ve
minerallerdir.

Cabir bin Hayyan’a gore, inceleme konusu her maddenin kimlidi, elementlere ydnelik ¢bzimleme
yontemiyle belirlenebilir. Ona gore, her element yada bilesik olsun saf madde kimligini korur. Her
hangi bir 6rnegin degisik gdérinmesi onun temsil ettigi maddenin degisikligini degil, yabanci bir madde
ile karistigini gosterir. Bdylece Cabir'in galismalari ile kimyasal donisum anlayisi belirli bir temele
oturdu.

Bilindigi Uzere, kimya sanayinde stokiyometri bilimi, bir kimyasal maddenin istenen miktarda uretimi
icin her bilesen maddeden ne kadar gerekli oldugunun belirlenmesine dayanir. Cabir’in kesfi ile bu
belirleme isi “el yordami” dedigimiz sinama-yanilma yénteminden kurtulmus oluyordu.

Hulasa, Cabir’in atom modellerinin iki yasaya dayandigini sdyleyebiliriz. Bunlar; (1) Kitlenin korunumu
yasasl ve (ll) sabit ve katl oranlar yasalaridir. Sabit oranlar yasasi, bir bilesigi olusturan elementlerin
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kutleleri arasinda degismeyen bir oranin oldugunu sdyler. Kitlenin korunumu ise reaksiyon
sonrasinda olusan Urtnlerin miktari kadar urdin hasil olur. Bu o zamana kadar bilinmeyen seydir.

Bilim tarihgisi Leicester bu buluglarin (kitlenin korunumu ve sabit oranlar yasasi) 6nemine dikkat
ceker: Bu o kadar 6nemliydi ki birincisi, kimyasal cisimlerin, bir dizi temel 6zelligin belli oranlarda
birlesiminden meydana geldigini, ve eski Yunanlilarin bu konudaki dugtncelerinin aksine, bu temel
Ozelliklerin aynigtirilarak belli oranlarda tekrar birlegtirilebilecegini ve boylelikle yeni cisimler meydana
getirilebilir.[15]

Bilesiklerde elementlerin sayilarla ifade edilen oranda oldugu, reaksiyonlarin maddelerin gelisigiizel
degil belli oran ve miktarlarda birbiri ile etkilestigini su sozleri ile ifade eder:

“Nesnelerin ozellikleri (havass), 6zellikle kimya alaninda, 6lcllebilirdir ve sayisal olarak tespit edilebilir
oranlara dayanmaktadir. Mesela, miirdeseng (Cabir kursun oksidi) eklenmesiyle sirke, eksi tadini
kaybediyorsa, sirke aslinda sayilarla ifade edilebilir belirli bir bilesime sahip demektir. Bu 6rnekte
murdesengin yetenegi, sirkeyi baskalastirmasi tesadifi degildir, bilakis cismin i¢ 6zelliklerine baglidir
ve bu keyfi bagkalastirma kimyasal islemin (tedbir) gérevidir.”[16]

Halbuki bilesik olustururken olusan yada kirilan ve teskil olunan bag sayisi gibi atomun igi ile ilgili
Ozellikler gergek anlamda 20. Yuzyilin baslarinda gelismeye basladi. Clinki bu ylzyila kadar atomun
ici bir muamma idi.

2.3 Siniflandirmaya ve Olgiiye Dayali Kimya

Maddeler lzerinde ilk siniflandirma calismalarini da o yapti. Cisimleri hassalarina gore Ug¢ sinifa
ayirdi. Bu tasnif daha sonraki siniflandirmalara rehberlik etti. Cabirin  maddeleri lge ayirmasi
gunumuz siniflandirmasi ile blylk benzerlik gosterir:

(I) Kukurt, arsenik, civa ve amonyum klorir gibi isitildiklarinda buharlasan maddeler (ugucu
cevherler); (ll) altin, gimdis, kursun, bakir, demir gibi metaller; (lll) sekillendiriiemeyen ancak
dovilerek toz haline getirilebilen maddeler (tuzlar, minaraller). Cabir bin Hayyan'in bu goérusu,
elementlerin metaller ve metal olmayanlar seklinde siniflandiriimasinin baslangici oldu.

Kimya ilminde kullanilan hassas olgim aletlerini kesfi de yine Cabir bin Hayyan’a aittir. Deneylerde
kullanilan aletlerin imalini gerceklestiriyor; onlarin nasil kullanilacagini da goésteriyordu. Takribi 1
kilograma denk gelen agirlik biriminden, 6,480 kat daha kuguk agirliklari élgebilen bir hassas terazi de
yine Cabir’in buluslari arasindadir.

2.4 Bilim Tarihgileri Ne Dedi?

Bilim tarihgisi Esin Kahya'nin hazirlayip sundugu kitaptan [17] Cabir ibn Hayyan'in bilimsel cephesini
bilime katkilarini genis bir sekilde 6drenme firsati buluyoruz. Cabir Uzerine yodun arastirma
yapanlardan birisi de bilim tarihgisi Eliezer Paul Kraus'tur (1904 —1944). Kendisi hem Cabir'in
eserlerini dogru olarak yayimlamaya galismis; hem de eserleri ve fikirleri Gizerinde yorumlar yapmistir.
Calismalarini kitap halinde nesretmistir. Cabir lGzerinde Keza Pierre Lory, Paul Kraus, Lory, H. Corbin
yaninda daha bagka bilim tarihgilerinin arastirmalari bulunmaktadir. Tim bu calismalar topluca
degerlendiren bir calismayi ise Suleyman Hayri Bolay yapmistir.[18]

Cabir tzerine en kapsamli calismalari yapan Fuat Sezgin sunlari sdylemektedir:  “Muslimanlar hicri
2. yuzyilda jimya ilmini bir tecribi ilim olarak kurdular. Bunu kuran adam biyik bir sahsiyet, buyuk bir
bilim adamiydi Cabir ibni Hayyan. Cabir ibni Hayyan'in kitaplari 12. yiizyilda Avrupa’ya intikal etti, ona
Geber diyorlardi. Bu adamcagiz Kimya ilminde dyle bir ilerleme kat ediyor ki ancak bundan sonra 18.
ve 19. yuzyilda ona ilave edilebilecek yeni bazi kipirdanmalar gériyoruz”[19]

Kimya tarihgileri Cabir'in “Kimyanin Atasi” oldugu fikrinde birlesir. Kimya tarihgisi E. J. Holmyard
(1891-1959) “Cabir, kimyaya Boyle ve Lavoisier kadar katki yapt”” demektedir. Bilim tarihgisi ve
arkeolog M. Mayerhoff, “Avrupa’da kimyanin gelismesi dogrudan Cabir'e dayanir’ demistir.

Roger Bacon (1214-1291) kimya konusundaki buluglarinin Joseph Priestley (1733-1804) ve Antony
Lavoisier'den (1743-1794) daha énemli oldugunu sdyler.
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Modern kimyanin temeli sayilabilecek deneysel ¢alismalar Cabir bin Hayyan’in yaninda Zunn(n-i Misri
(6l. 860), Raazi (860- 925), ibni Sina (980-1037) ve Mecriti (?-1007) kimya alaninda énemli calismalar
yaptilar.

Kimya ilmi 12. YUzyildan itibaren Avrupa’ya ulagsmaya bagsladi. Avrupalilar, Latin Dinyasi “Geber” yani
Cabir isimi altinda ylzlerce kitap piyasaya surdiler. Bunlar arastirdigimizda Cabir Hayyan'in
kitaplarinin bir kisminin degistiriimis oldugunu yada kuiguk ilaveler yapilmis sekillerini gorirtz.

Bilim tarihgisi Henry M. Leicester'in The Historical Background of Chemistry adli kitabinda kimya
biliminin gelismesine Mislimanlarin katkisinin birka¢g bakimdan énemli oldugu belirtilir. Yazar bunlari
soyle siralar: Birincisi, ilk defa Cabir bin Hayyan'in eserlerinde goruldigu gibi, kimyasal cisimlerin, bir
dizi temel 6zelligin belli oranlarda birlesiminden meydana geldigi goéraldaga gibi, eski Yunanllarin bu
konudaki dusuncelerinin aksine, bu temel 6zelliklerin ayristirilarak belli oranlarda tekrar birlestigi ve
bdylelikle yeni maddeler meydana geldigi kesfedildi. Bu buluslar kimyaya hem analitik, hem de
sentetik bir arastirma metodu getirmektedir. ikincisi, cisimlerde bu &zelliklerin belli bir denge/oran
(=mizan) igerisinde bulundugu ele alinmistir. Ugiinciisii, ve belki de en énemlisi, yapilan deneylerin
anlatimlarinda modern bir kimya deneyinin bitlin unsurlarini gorebiliriz. Mesela Mecrit’'nin civanin
oksitlenmesi Uzerine yaptigi deney vardir. Bu deneyde, klasik bir kimyasal reaksiyonda olmasi
gereken hemen her 6ge yer almaktadir: a) Reaksiyona giren maddeler, b) miktarlari, c) reaksiyon
sartlari, d) reaksiyon sonunda elde edilen maddeler/irinler ve e) miktarlari.

Antoine Laurent Lavoisier (1743-1794) 1774 yilinda yazdigi Kimya Bilimine Girig (Troite Elementaire
de Chimee) adl eserine g6z attigimizda goérdiigimuiz sudur: Ne yeni bir kimyasal madde/bilesik adi
vardir; ne de kimyaya ait yeni bir kavram ifade eden bilgiler vardir. Lavoisierin bu eserinde sadece
kendisinden 6nce var olan kimya bilgilerini sistematize etmis; yeniden agiklamistir. Bilinen kimyasal
madde ve bilesiklere yeni semboller vermisgtir.

3. Sonu¢ ve Degerlendirme

Sonug olarak, Cabir dlgu ve tarti igslemlerini ustalikla kullanmis ve element kavramina dair yeni bir
bakis agisini getirmis kimyada deneysel ¢alismalarin kurucusu olmustur. Ayrica atomun
parcalanamaz olusu tezini ilk kez reddeden kisi Cabir olmustur. Su gecirmez kagit ve paslanmaz
¢eligin mucididir. Platin ve altinin ¢6zilmesini saglayan kral suyunu elde ettigi bilinmektedir. O’nun
tarafindan ilk kez kullanilan bazi bir ¢ok kimya tabirleri glinimuzde de hala kullaniimaktadir.
Arastirmalarini matematik ve deneyin sentezi halinde sunan Cabir, kimyayr madde donustirme
sanati olarak ortaya koymustur. imbikler, tipler, firinlar gibi pek gok laboratuvar malzemesini ilk
defa icat etmistir. Deneylerde kullanilabilecek aletlerin imalini gergeklestirdi. Kullanilis yollarini izah
etti.

Cabir bin Hayyan'in en énemli vasfinin deneycilik oldugunu soyleyebiliriz. Kimya ilminin hem teorik
hem de uygulama alaninda temelleri atildi. Dinyada ilk kimya laboratuvarini kuran alim olarak
bilinmektedir. Deneylerde kullanilan hassas 6lgu aletleri yapti. Kimyasal maddelerin déntsimlerde
(reaksiyonlarda) 6zelliklerini kaybetmeksizin birlestigini sOyleyerek element tanimina katkida bulundu.
Saf element eldesi yolunda ¢alismalar yuratta.

Kendinden sonra gelen bilim adamlari, onu modern kimyanin kurucusu ve babasi olarak kabul
etmisler ve Cabirin buluslarini ve disunce sistemini daha ileri gétirmeye calismislardir. Bunlar
arasinda, Ebu Bekr Razi, Ibn-i Sina, Mesleme El-Macriti, Farabiyi sayabiliriz. Eserleri; asirlarca
islam medreselerinde okutuldu, Bu bilim Endiiliis devleti vasitasi ile de Batiya gecti. Deneylerde terazi
ve Olcim aletlerinin  yaygin olarak kullaniimasi, deneylerde maddeler arasinda sayisal iliskilerin
gorilmesi ve dikkate alinmasi, teorilerin deney sonuglariyla test edilmesi ve iligkilendiriimesi gibi
modern kimyanin baslangicini teskil eden konular 18. Ylzyilda yeniden giindeme geldi. 18. Yizyila
geldigimizde Robert Boyle, Antoine Lavoisier ve John Dalton gibi bilim insanlari Cabir bin Hayyan
gibi Islam bilimcilerinin buluglarini yeniden ele aldilar ve tanimladilar. Aslinda bu bilim adamlarinin
buluslarinda bir yenilik yoktur. Bunlarin ¢ogu buluslari Cabir’in buluslarinin tekrari niteligindedir.
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4. Sonug

Sonug olarak Cabir’in galismalari ile atom ve element dgretisi felsefi olmaktan kurtuldu, bilimsel, daha
Ozelde ise kimyasal bir kimlik kazanmaya basladi.

O doénemlerde simya yaygindi. Sihir ile Simya i¢ i¢e idi. Cabir, simyanin hakim oldugu bir diinyada
dogayi ve dogal glgleri deney-gézlem ve akilla kavramaya, anlamaya galisan ilk modern kimyaci oldu.
Bu galismalar ile sihir mispet ilmin disina atilmis oldu. Bu suretle deney ve tecriibeye dayanan
modern kimyanin temelleri atildi.

Cabir kimyaya katkilar kadar bilimsel dugtince sistemine yaptidi katkilar ile de dikkatleri Gzerine
toplamaktadir. Onu blyuk kilan ve ilmi hayatini tamamlayan onun tefekkiri yahut disiince hayati
olmustur.

O, deney yoluyla elde edilecek bilgi ve prensiplerin kat'T ve degismez oldugunu iddia etmedi. Aksine
modern bilim g¢alismalarinda oldugu gibi, bunlarin zanni ve ihtimali oldugunu 6&zellikle belirtti. Onun
metodunun esasini, “mazbut misahede ve saglam tecriibe” teskil etmektedir.

Cabir bin Hayyan bilimsel distncenin 6zelliklerini sahsinda toplayan bir sahis olarak karsimiza
cikmaktadir. Ornegin kendi calismalarinda deneylerin ve tanhlillerin gegerliligi konusuna sirekli siiphe
duyan supheci bir kisilie sahipti. Her yeni gin baska bir seyin kesfedilece@inin farkinda olup
deneylerin ve tahlillerin ihtimaller (zerine kurulu oldugunu dile getiriyordu. Bodylece bilimsel
galismalarin temeli olan supheciligi en kuvvetli bir sekilde hayatinda uyguluyordu.

Cabir'in yapmis oldugu ilmi tecriibelerinde stpheciligi ve sorgulamayi esas aldigini ve calismalarinin
en ince ayrintisina kadar izah ettigini gériyoruz. Elbetteki gagimiz teknolojisini kullanarak ayni eserleri
yazsaydi, modern sonuglara ulagabilirdi. CUnki o, timevarim metodunu kullaniyordu; maddenin en
klguk pargasini bulmaya calisiyor analiz ederek sonuca ulasiyordu. Dis gbzlemlerinde ise tliimden
gelim metodundan da yararlandi. Yani maddenin tabii halinden en kiguk pargasina kadar inceleyerek
sonuca vardi. Bilimsel metotlar takip ettidi icin hayal ve kuru faraziyelerle oyalanmamis, gergek
anlamda ilmi galigmalar ortaya koymus ve bilimde ¢igir agmigtir..
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OzZET

GunUmizde enerji verimliligi batin kuruslarda 6nemli bir konudur. Geligen teknoloji ile her alanda yapay
zekd ve makine 6greniminin kullanimi yayginlasmistir. Bu ¢alismada, makine &dreniminin ener;ji
verimligi Gzerine bir uygulamasi tzerine odaklaniimistir. Son teknoloji bir makine 6grenimi yontemi olan
FPFS-kNN UCI veri tabanindan elde edilen enerji verimliligi veri setine uygulanmistir. lyi bilinen makine
dgrenimi yontemleri ile bir karsilastirmasi yapilmistir. Sonuglar FPFS-kNN'nin digerlerinden daha
basarili oldugunu gdstermistir. Son olarak, FPFS-kNN ve gelecek g¢alismalar hakkinda bir tartigmaya
yer verilmistir.

Anahtar Kelimeler: Esnek kiimeler, fpfs-matrisler, Makine Ogrenimi, FPFS-kNN, Eneriji Verimliligi

1. Girig

isletmelerdeki enerji yénetimi, 1970'lerden dnce ok az ilgi gérdi [1]. 1970Q'lerin enerji glvenligi
konusunda endigeleri artiran ve daha fazla enerji verimli teknoloji ve uygulamalar i¢in siddetle baski
yapan petrol krizi, ddnim noktalarindan biriydi [2]. Enerji kullanim manzarasi simdi 1970'lerin basinda
oldugundan c¢ok farkli. Ekonomik ve c¢evresel faktorler, savurganliktan kaynakli kayiplarn ve
verimsizlikleri azaltmaya artan bir odaklanma ile enerjiyi nasil kullandigimiza dair disiincemizde bir
degisime neden oluyor [3-5].

Ornegin, enerji verimliligi icin uygun temel performans gdstergelerinin olusturulmasi, performans ve
ilerlemelerin toplanmasi ve izlenmesi igin gok énemlidir. Bu endiseleri cézmek igin bilimsel topluluk aktif
olarak dahil olmustur. Konuyla ilgili literatir kapsamhdir ve endustriyel enerji verimliligi ile ilgili cesitli
temalari kapsar [6,7]. Bu, sosyal veya ekonomik boyutlari vurgulayan katkilara yalnizca teknik bir bakig
acisiyla yapilan katkilari iceren, dogasi geregi disiplinler arasi bir alandir [8].

Son zamanlarda makine 6grenmesi yontemleri birgcok alanda uygulanmakta ve dnemli basarilar elde
etmektedir [9-15]. Bu ¢alisma, en yeni makine 6grenme yontemlerinden biri olan bulanik parametreli
bulanik yumusak k-en yakin komsuyu (FPFS-kNN) [16] enerji verimliligine uygulamayi1 amaglamaktadir.

Mevcut galismanin 2. Bélumu, asagidaki bolimler igin gerekli olan temel tanimlari ve gosterimleri saglar.
Bolim 3, 6ncelikle enerji verimliligi veri setini ve 6zelliklerini sunmaktadir. Daha sonra karsilastirma igin
performans dlgutleri sunulur. Daha sonra enerji verimliligi veri setine FPFS-KNN uygulanmis ve bilinen
makine 6grenmesi yontemleri ile karsilastiriimistir. Son olarak, FPFS-kNN ve daha fazla arastirmaya
duyulan ihtiyag tartigiimistir.
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2. Temel Kavramlar

2.1. Bulanik Parametreli Bulanik Esnek Matrisler

Bu bdlimde, ilk olarak, fpfs-kimeler [17] ve fpfs-matrisler [18] kavramlari verildi. Bu ¢alisma boyunca,
E bir parametre kiimesi, F(E) E Uzerindeki bltin bulanik kimelerin kimesi ve u € F(E) olsun. Burada,

p bulanik kiimesi (yani graf(u)) {*®x | x € E} ile gésterilir.

Tanim 1. [17] U bir evrensel kiime, u € F(E), ve a, be u den F(U)’ya bir fonksiyon olsun. O halde, a’nin
grafigi olan {(”(")x, a(“(")x)) | x € E} kiimesine U Uzerinde E ile parametrelendiriimis (kisaca U
uzerinde) bir bulanik parametreli bulanik esnek kiime (fpfs-kiime) denir.

Bu calisma boyunca, U uzerindeki tim fpfs-kimelerin kiimesi FPFSg(U) ile gosterilsin. FPFS;(U)'da
graf(a) ve a birbirini teklikle Urettiginden dolayi, bu notasyonlar birbiri yerine kullanilabilir. Bu nedenle,
herhangi bir karisikliga yol agmadigi surece bir graf(a) fpfs-kiimesi « ile gosterilecektir.
érnek 1. E = {Xl, XZ,X3} ve U = {ul,uZ,U3,U4} O|Sl.ln. O halde,

a = {(0'4361, {0.4u2’ 0.7u3' 0.4u4})' (0.2x2’ {1u1’ 0.4u2, O'BU3, 0.7u4}), (0'3X3, {0.4u1’ 0.8u3' 0.5u4})}

U Uzerinde bir fpfs-kimedir.

Tanim 2. [18] @« € FPFS;(U). O halde i € {0,1,2,---} ve j € {1,2,--- } igin,

(). i=0
= a(”("f)xj) (w), i#0
ile tanimli
Qo1 Qo2 Qg3 -+ Qon
a1 A2 A3 - Qip
[aij] =: : : .l

A1 Amz2 Apz - Ogmp -

bigiminde yazilan [a;;] matrisine of a’nin fpfs-matrisi denir. Burada, eger |[U| = m — 1 ve |E| = nise [a;]
m X n tipindedir.

Calisma boyunca, FPFS;[U] U lzerinde E ile parametrelendiriimis tim fpfs-matrislerin kiimesini
gOstersin.

Ornek 2. Ornek 1’de verilen a’nin fpfs-matrisi asagidaki gibidir:
0.4 0.2 03

0
0.7 0. .
04 0.7 05
2.2. Bulanik Parametreli Bulanik Esnek k-En Yakin Komsu (FPFS-KNN) Siniflandiricisi

Bu boélum ilk olarak FPFS-KNN ile ilgili temel notasyonlari su sekilde 6zetlemektedir (daha fazla ayrinti
icin [16]'ya bakiniz): Mevcut galisma boyunca D = [dif]mx(n+1) enerji verimliligi ile ilgili bir veri matrisini
temsil etsin ve son sdtunu veri siniflarini igcersin. Burada, m ve n, sirasiyla D'deki 6zelliklerin ve
orneklerin sayisini temsil eder. m; + m, = m olmak Uzere (Diest Im,xn: (Derain)m,xn: V€ (C)myx1

siraslyla D’den turetilen test matrisini, egitim matrisini, egitim matrisinin siniflarini géstersin. D;_;4in Ve
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Di_tese Sirasiyla of Dyyqin Ve Dyese Matrislerinin i. satirlarini gostersin. Benzer sekilde, Dyyqin—j V€ Dyese—
sirastyla Diyqin V€ Dios, matrislerinin j. sttunlarini gostersin. Ty, . matrisi Dy,qi, V€ Dys; Matrislerinden
elde edilen tahmini sinif matrisini temsil eder. I,,, :== {1,2, ..., m} ve I;, :== {0,1, ..., m} olsun.

Tanim 3. [a;;] € My, (R) olsun. O halde, [a;;]'nin 6zellik bulaniklastirimisi

al-j
—————, maxSg #0
5. .— Jmaxay; k
a;j = k
1, m}?xskl =0

ile tanimlidir.

Tanim 4. D.,,;, m; X n boyutlu egitim matrisi ve C,,, «; egitim matrisinin sinif matrisi olsun. O halde,

fwlj = |P(Dtrain—jxc)|t jE In
ile tanimli matrise Pearson korelasyon tabanh 6zellik agirlik vektért denir ve fw ile gdsterilir.
Tanim 5. u € R" olsun. O halde,

( u — g{rglg{uk}

max{u, } # min{u, }

7 max{u }— min{u }' kel kel :
U; = kel k k€I, k " " ’ L€ In
1 max{u,} = min{u
) keln{ k} kEIn{ k}

ile tanimli vektére u’nun normallestirilmis vektorl denir ve .
Tanim 6. D = [d;;] bir veri matrisi, i € I,,, ve j € I, olsun. O halde,

( dU - mln{dkj}
d;j = h{rgx{d;{]} mln{dk]}
1, %&}X{dk}} mln{dk]}
ile tanimli matrise D‘nin stitun normallestirilmis matrisi (6zellik bulanlkla§t|r|Im|§ matrisi) denir ve D =
[dy]_ ., ile gosterilir.
Tanim 7. (Dyrain)myxn D = [dij]mx (ns1) den elde edilmis egitim matrisi olsun. O halde,

dij—train - min{dkj}

mx(n+1)

;ggg{dkj} * ,rg;}g{dkj}

max{dkj} * ]I(ré}n{dkj}

dij—train = Eé?x{dk]} mln{dk]} k€l m i € Im1 Vej € In
1, Eéallx{dk]} mln{dk]}

ile tanimli matrise D;,.q;, ‘Nin sttun normallestiriimis matrisi (ozelllk bulaniklastiriimis matrisi) denir ve
Dirain = [dij_trai"]mlxn ile gosterilir.
Tanim 8. (Dyesi)m,xn D = [dif]mx(n+1) den elde edilmis test matrisi olsun. O halde,

dij—test = min{dkj}

max{dkj} * min{dkj}

dij—test = gg}x{dk}} mm{d }’ eshm etm LE Imz ve j € In
1, g{ré;;\x{dkj} mm{dk}}

ile tanimli matrise Dy, ‘in situn normallestiriimis matrisi (ozelllk bulaniklastiriimis matrisi) denir ve
Diest = [dij_teSt]mzxn ile gosterilir.

ikinci olarak, FPFS-kNN'nin akis diyagrami Sekil 1°’de verilmigtir.
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Read (Dirain )my xn s Cmy w1+ (Diest)myxn, k, COrrname

¥

| Compute fw using Dyyqin and C' according to corrname |

‘ Compute 5tmn and ﬁtest |

] ComputeUp; and Dy, |

Done: Forr from1tol <

Next

For i from 1 to mo

Next

—is .
Done—» optain F ascending-sorting of F'*

|Obtain &’ = [gts]ixs, k-mean of F* I_

—a
‘ Setmng as row number of D ...

A 4

Compute testfpfs-matrix [a;;] using
fwand D;_teq

Construct F** = [fi*] as follows
i 74 il )
.ﬁ? A dE([azJ] [sz])
0 fii < st([aiJL [bi5])
12— & ([ai], [b:5])
|
v
——Done Fori from 1 to msy <
|
Next

w 4— most repeated
Done
element of h
\ 2

t;l — Ul |—

hs < argmin {g};}

rel;

|

Return Predicted Class Matrix T

myx]

Sekil 1. FPFS-kNN akis diyagrami [16]
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3. FPFS-KNN’nin Enerji Verimliligine Bir Uygulamasi ve Performans Karsilagtirmasi
3.1. Veri Seti

Enerji analizi igin 12 farkh bina seklinin Ecotect similasyonu kullanilir. Binalarin farkhliklari, diger
seylerin yani sira, cam alani, cam alani dagilimi ve yoénlendirmeyi igerir. 768 yapi formu Uretmek icin
yukarida belirtilen 6zelliklere dayali senaryolar simiile edilmistir. iki gergek degerli yaniti tahmin etmeyi
amaglayan veri kiimesini 8 6zellik ve 768 6rnek olusturmaktadir. Deger en yakin tamsayiya yuvarlanirsa,
problem cok sinifli bir siniflandirma olarak kullanilabilir. Veri kiimesi parametreleri, Goreceli Kompaktlik,
Yizey Alani, Duvar Alani, Cati Alani, Toplam Yikseklik, Yénlendirme, Cam Alani ve Cam Alani
Dagilimi'dir ve etiketleri, Isitma YUki ve Sogutma Yiki'dir. Verilerin 6zeti Tablo 1'de sunulmaktadir.

Tablo 1. UCI Makine Ogrenimi Veritabanindaki Enerji Verimliligi Veri Kimesinin dzellikleri [19,20]

Ornek Sayisi Ozellik Sayisi Sinif Sayisi 1 Sinif Sayisi 2

768 8 37 38

Bu calismada, Enerji Verimliligi veri seti, Isitma YUku etiketi secilerek ¢ok sinifli bir siniflandirma
problemine indirgenmistir. Burada, orijinal veriler, regresyon gorevi ve ¢ok etiketli siniflandirma igin
tasarlanmigtir. Bir sinif etiketi segerek ve segilen etiketin degerlerini yuvarlayarak, cok etiketli
siniflandirma problemi, ¢ok sinifli bir siniflandirma problemine indirgenir.

3.2. Gok Sinifli Siniflandirma ig¢in Performans Metrikleri

Bu alt bdlimde, yukarida belirtilen makine 6grenimi yaklagimlarini karsilastirmak icin performans
Olgutlerinin, yani dogruluk, kesinlik ve duyarlik [21] matematiksel gosterimleri saglanmaktadir. D, =
{x1, x5, ,x,}, T={T,Ty,---, T,,}, ve T' = {T{, T,, -+, T} siraslyla siniflandirilacak n érnekli veri kiimesi,
gercek siniflarin kimesi ve tahmin edilen siniflarin kiimesi olsun. O halde,

TP :={x) : i €T, AL E Ty, k € I}

TN; = |{x, :i €T, Ni €Ty, k €L}

FP == |{x;, :i €T, Ni €Ty, k €L}

FN;=|{x; : i €T, Ni €Ty, k €I}
olmak Uzere,

Dogruluk(T, ") = 1 TP, + TN;
ograid L. 1) =T, 2 TP+ TN; + FP; + FN;
i=

Kesinlik(T, T") ! El A
esinlik(T, =) —
[ LTP +FP

1w TN,
Duyarllk(T, T ) = TZ m
=1 ¢

l
F1 — Skor(T,T") = 12 TP
omBIIE=T, 2 TP+ FP, + FN,
i=
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Burada TP, TN, FP ve FN sirasiyla gercek pozitif, gercek negatif, yanlis pozitif ve yanlis negatif sayilari
temsil eder. Ayrica, [ toplam etiketlerin sayisidir ve |.| bir kimenin kardinalitesini gésterir.

3.3. Similasyon Sonuglari

Bu alt bélimde, FPFS-KNN [16] ile iyi bilinen siniflandiricilar, yani kNN [22,23,], SVM [24], Fuzzy kNN
[25], Decision Tree [26], Boosted Tree [27] ve AdaBoost [28] arasindaki karsilastirma saglanir. Makine
ogrenimi algoritmalari, MATLAB R2020b ve I(R) Core(TM) CPU i5-4200H @ 2.80 GHz ve 8 GB RAM'e
sahip bir dizlstl bilgisayar kullanilarak simtle edilmistir. Her algoritma, k-kath ¢capraz dogrulama yoluyla
egitilir ve test edilir [29]. Similasyonda, bes kat ¢apraz dogrulama gergeklestiriyoruz ve 10 yineleme igin
ortalama sonuglari kaydediyoruz. Buradaki makine 6grenimi yontemlerinin performans sonuglari Tablo
2'de sunulmaktadir.

Tablo 2. FPFS-kNN'nin eneriji verimliligi icin iyi bilinen siniflandiricilarla karsilastirmali sonuglari

Siniflandirici Ayarlar Dogruluk Kesinlik Duyarhk F1-Skor Calisma Siiresi
kNN k=3 96.0341 34.8721 29.3461 47.9597 0.2494
SVM kernel = RBF 96.0430 40.6291 24.9679 49.6344 40.1944
Fuzzy kNN k=3 95.3973 13.0188 13.2525 28.3360 0.0086
Decision Tree - 97.9481 55.0903 49.4795 67.3957 0.0145
Boosted Tree - 96.8805 53.0962 29.8355 57.5616 0.9077
AdaBoost - 96.8805 53.0962 29.8355 57.5616 0.8741
FPFS-KNN k = 3, Pearson 97.9503 56.5603 50.6345 69.5325 2.9401

Dogruluk, kesinlik, duyarlik ve F1-skor sonuglari ylizde olarak sunulmustur.

Ortalama performans sonuglarina gére FPFS-kNN digerlerinden daha iyi performans gdstermektedir.
Ayrica FPFS-kNN, 97.9503 dogruluk orani, 56.5603 kesinlik orani, 50.6345 duyarlik orani ve 69.5325
F1-skor orani uretirken, digerlerinin genel performans sonuglari bu skor oranlarinin Gzerinde degildir.
Ote yandan, kesinlik, duyarlik ve F1-skoru sonuglari, veri seti kararli olmasa da, FPFS-kNN'nin en iyi
performansi elde ettigini géstermektedir.

4. Sonuglar ve Sonraki Caligmalar

Enerji verimliligi, herhangi bir is alaninda ¢ok dnemli bir konudur. Enerji verimliliginde yeni teknolojik
gelismelerden vyararlanmak zorunludur. Bu nedenle, bu c¢alisma gelismis makine &grenimi
teknikliklerinden biri olan FPFS-KNN'yi enerji verimliligine uygulamistir. Uygulama i¢in UCI makine
O6grenimi veritabanindaki enerji verimliligi veri seti kullanildi. Ayrica, FPFS-kNN'nin iyi bilinen
siniflandiricilarla kargilastirmali bir degerlendirmesi sunulmustur. Sonuglar, FPFS-kNN'nin digerlerinden
daha iyi performansa sahip oldugunu gostermektedir.

Ayrica, Tablo 2’deki kesinlik, duyarlik ve F1-puani sonuglarindan dikkate alinan veri setinin kararsiz
oldugu gdzlemlenebilir. Bu problemin Ustesinden gelmek igin, enerji verimliligi hakkinda yeni veri setleri
toplanabilir veya bu c¢alismada kullanilan enerji verimliligi veri setini stabilize etmek igin yeni
matematiksel araclar kullanilabilir veya gelistirilebilir. Son olarak, FPFS-kNN, farkli kavramlar
araciligiyla gelistirilebilir veya 6zellestirilebilir [30-33].
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OzZET

insanlik var oldugu siirece insanlarin ihtiyaclari giderek artmaya devam edecektir. insanoglu bu
ihtiyaclara cevap verebilmek igin endustriyel teknolojiler ve sistemler gelistirmeyi strdirmektedir.
Enerji tuketimi teknolojinin gelismesine paralel olarak artmaktadir. Boylece enerjinin Uretiminin ve
transferinin verimli olmasi gerekliligi ortaya c¢ikmaktadir. Muhendislik uygulamalarinda, farkl
sicakliklardaki iki veya daha fazla akigkan arasindaki 1si transferi en g¢ok Kkarsilagilan
uygulamalardandir. Akiskanlar genellikle kati bir cidar ile birbirinden ayrilmaktadirlar. Bu yapilar, isi
esanjorl olarak isimlendiriimektedir. Sicak kullanim suyu depolarinda, depodaki suyun isitiimasi, bir
kazandan veya gines enerjisi tesisatindan gelen sicak su ile veya dogrudan elektrikli isiticilarin
kullaniimasi ile saglanir. Sicak su Isitma kaynagi olarak kullaniliyorsa genellikle i1s1 esanjorleri olarak
tanka yerlestirilen helisel olarak sariimis borular kullaniimaktadir. Bu ¢calismada suya daldiriimis farkli
boyutlarda ve geometrik 6zelliklerde helisel 1s1 dedistiricilerin karsilastirimasi amaclanmigtir. Bu
amagcla diz bakir borudan imal edilecek farkli sarim ¢aplarinda ayni hatve degerine sahip ve ayni
sarim ¢aplarinda farkl hatvelerde 1si degistiriciler ile farkli geometrik 6zelliklerde 1s1 degistiricilerin 1si
transferi analizini gergeklestirmek igin deneysel kurulum gercgeklestirilmistir.

Anahtar Kelimeler: Isi esanjord, i1si transferi, tasarim parametrelerinin etkisi, deneysel kurulum

1. Girig

Her gecen gun artan enerji tiketimi ve fosil yakitlarin rezervlerinin sinirli olmasi insanlari yeni enerji
kaynaklari ve enerji sistemleri aramaya ydnlendirmigtir. Ayrica mevcut enerji kaynaklari verimli sekilde
kullaniimaldir. Bu amagla mevcut enerji ddnisum teknolojilerinin ve yeni sistemlerin gelistiriimesi igin
calismalar devam etmektedir (Tuncer vd., 2021).

Farkli sicakliklarda ve kati bir sinir ile ayrilmis iki akigkan arasindaki 1si aligverisi sureci birgok
muhendislik uygulamasinda gerceklesir. Bu aligverisi gergeklestirmek icin kullanilan cihaz i1s1 esanjoru
(1s1 degistirici) olarak adlandirilir. Isi esanjorleri; sogutma, 1sitma ve diger enerji donusum sistemleri
gibi ¢ok gesitli alanlarda yaygin olarak kullanilir (Than vd., 2008).

Buhar enerji santrallerinde, kimyasal igleme tesislerinde, bina isi ve iklimlendirme sistemlerinde ve
sogutma Unitelerinde kullaniimak Uzere bir¢ok tipte i1s1 esanjéri gelistirilmistir. Bunlardan biri olan
helisel 1sI esanjorleri; dikkate deder isi transfer performanslari, basit konfiglirasyonlari ve disik tretim
maliyetleri nedeniyle enerji santralleri, nikleer reaktérler, sogutma ve iklimlendirme sistemleri, i1s1 geri
kazanim sistemleri, kimyasal isleme ve gida endustrileri gibi mihendislik alanlarinda kullaniimaktadir
(Xin vd., 1996; Bai vd., 1999; Lin ve Ebadian, 1999).
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Sekil 1. Helisel i1s1 degistiricinin ti¢ boyutlu modeli

Akiskan helisel olarak sarilmis bir borudan akarken, sarmalin egrili§i merkezka¢ kuvveti olusturarak
ikincil akisin gelismesine neden olur (Izadpanah vd., 2018). ikincil akig, akiskan karigimini ve bdylece
1s1 transferini arttirir. Dz borulu 1s1 esanjorlerinde (kaldirma kuvvetleri tarafindan olusturulanlar harig)
bulunmayan eksenel akisa dik ek bir konvektif 1si transfer mekanizmasi vardir (Rennie ve Raghavan,
2006).

Bircok arastirmaci tarafindan, helisel 1si esanjorlerinde 1si transferini incelemek Uzere cgalismalar
gerceklestiriimistir.

Prabhanjan vd. (2004) suya yerlestirilen helisel sariimig borulardan dogal konveksiyonla isi
transferinin deneysel bir arastirmasini yapmislardir. Gelistirilen modeller, helisel sarilmis bir 1si
degistiriciden akan bir akiskanin giris sicakligi, tanktaki su sicakligi, esanjor boyutlari ve akigkanin
debisi verilen durumlarda ¢ikis sicakhdini tahmin etmek igin bir tahmin modeli gelistirmek igin
kullanilmigtir. Ali (2004) ise gliserol-su ¢Ozeltisine yerlestirilen dikey helisel sarimh borulardan surekli
sartlarda dogal tasinimla isi transferi, deneysel olarak incelemistir. Ortalama 1si transfer katsayilari
laminer ve turbllansli dogal konveksiyona gegis igin elde edilmistir. Ortalama Nusselt sayisini
Rayleigh sayisi, sarmal ¢apinin boru g¢apina orani ve tur sayisi cinsinden hesaplamak igin
korelasyonlar sunulmustur. Pawar ve Sunnapwar (2013), suyun igine yerlestiriimis helisel 1si
degistiricilerde sulrekli kosullarda konveksiyon ile isi transferini deneysel olarak arastirmiglardir.
Deneylerinde farkli geometrik zelliklerde ¢ adet 1si degistirici kullanmiglardir.

Cijital Sicaklik Gostergesi

Termokupllar

Termometre

-
— Cikis
Isiticilar

Rotametre \\ml\%/ﬂ_ﬁf’

By-pass Hatti |
\i’ _—

Sofuk Su Tank

@—/’_}—.— Girig

Sekil 2. Pawar ve Sunnapwar (2013) tarafindan tasarlanan deney dizenegi
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Amori (2014) soduk suya daldirimis helisel borulardan olusan isi degistiricilerin 1sil ve hidrolik
Ozelliklerini deneysel olarak incelemistir. Dikey tek borulu helisel ve paralel baglantili ¢ dikey helisel
sarmaldan olusan iki tip 1s1 degistirici test edilmistir. Ucli 1s1 degistiricide, tek borulu ile
karsilastinldiginda, i1s1 transferinde énemli bir artis elde edilmistir. BOylece daha kiglk boyutlu isi

degistiricilerinin kullanilabilecegi sonucuna ulasiimistir.

e
| 1) Termokupl

(P} Manometre Debimetre

| | IVE na

Wana u

a L
@ / \ ®

S \
Sicak Su Tank P T— Test Balomo |

T — f o

O S N

H [ETi=] S W L

I:F:' I“ |

Sofuk Su Tsn(ll'llli|

°_J

Sofutma Sistemi

Sekil 3. Amori (2014) tarafindan kullanilan deney dizenegi

Izadpanah vd. (2018) calismalarinda bir su depolama tankinin igine yerlestiriimis helisel sariimis
borulu bir 1s1 esanjérinin dig ylzeyinden dogal tasinimla meydana gelen isi transferini deneysel
olarak incelemistir. Esanjorin icinde sodutucu akiskan 134-a dolastiriimigtir. Sarmal ¢api, hatve, tur
sayisi ve akis hizinin dis Nu sayisi Uzerindeki etkisi incelenmigtir. Nu sayisi i¢in karakteristik uzunluk
olarak Ra sayisi ve isi degistiricinin geometrik parametrelerine gore yeni bir deneysel korelasyon
sunulmustur.

Bu calismada suya daldinimis farkli geometrik boyutlarda helisel 1s1 degistiricilerin karsilastiriimasi
amagclanmistir. Farkli sarim g¢aplarinda ayni hatve degerlerinde ve ayni sarim ¢aplarinda farkli hatve
degerlerinde 1s1 esanjorleri tasarlanmistir. Esanjor malzemesi olarak bakir boru tercih edilmistir.
Tasarlanan isi esanjoérlerinin sarim ¢aplari ve hatveleri esanjorin toplam uzunlugu ayni olacak sekilde
belirlenmistir.

2. Deney Diizenegi
Farkli geometrik boyutlara sahip suya daldiriimis helisel sarili 1si esanjorlerinin i1sil performansinin

incelenmesi planlanmistir. Bu amaca ulagsmak icin sekil 4'de sematik gorinimu verilen deneysel
kurulum gerceklestirilmigtir.
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Sekil 4. Kurulan deney dizeneginin sematik gérinimda

Kurulan deney dizenedinde bir soguk su tanki, tanka yerlestiriimis bir 1sI esanjori, sicak su tanki,
elektrikli i1sitici, PID sicaklik kontrolclsu, sirklilasyon pompasi, debimetre, sicaklik ve basing dlgerler
kullanilmistir. Bu elemanlari gérevleri kisaca su sekilde agiklanabilir.

Sicak su tanki: Sicak suyun depolandidi tanktir. Is1 degistirici bu tanka yerlestiriimistir.

Elektrikli 1sitici: Sicak su tankina yerlestiriimistir ve PID sicaklik kontrolciisi kullanilarak kontrol
edilmistir.

PID Sicaklik Kontrolciisii: Sicak suyun sicakhidini sabit tutmak igin kullaniimistir.

Sirkiilasyon Pompasi: Soguk suyun sistemde dolasimini saglamaktadir.

Akis Olger: Sistemde dolasan suyun debisi dlgiilmektedir.

Is1 Degistirici: Sicak sudan soguk suya isi transferini gergeklestirmektedir.

Sicaklik Olgerler: Isi degistiricinin giris ve ¢ikisinda sicak suyun sicakhidina ek olarak soguk su ve
sicak su tanklarinda ve esanjor ylzeyinde belirlenen konumlarda sicaklik o6lgimlerinde
kullaniimaktadirlar.

Basing Olgerler: Suyun isi esanjériine girmeden 6nce ve esanjorden ciktiktan sonraki basincini
Olcliimesinde kullaniimaktadirlar.

Veri Kaydedici: Sicaklik ve basing oOlcerler bu elemana baglanmistir. Bu sekilde sicaklik ve basing
degerleri anlik goruntilenebilmekte ve belirlenen araliklarla kayit edilmektedir.

2.1. Kullanilacak Isi1 Esanjoéri Modelleri

Deney duzenegdinde kullanilacak esanjorler toplam boru uzunlugu neredeyse esit olacak sekilde, ayni
capta ve et kalinliginda bakir borulardan olugturulacaktir. Sarim capinin isi1 transferine etkisini
incelemek amaciyla ayni hatve degerine sahip farkli sarim c¢aplarinda duz bakir borulardan Uretilmis
helisel I1s1 esanjorleri kullanilacaktir. Hatvenin 1s1 transferine etkisini arastirmak amaciyla ise ayni
sarim ¢apimda farkli hatvelerde diiz bakir borulardan imal edilmis helisel 1s1 esanjorleri kullanilacaktir.
Sekil 5'de farkli geometrik boyutlarda esanjér modelleri gortlmektedir.
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(b)

Sekil 5. Farkli boyutlarda sarilmis 1s1 esanjorleri (a) Ayni hatve farkli sarim ¢aplari (b) Ayni sarim
caplar farkh hatve

Duz boru ile farkli geometrilerde borularin karsilastirilmasi amaciyla diiz borudan uretilen bir 1si
degistirici modeli secilecektir. Bu modelle ayni boyutlarda vyivli, krogilli (corrugated) ve kanatli borudan
imal edilecek helisel 1si degistiricilerin testleri yapilacaktir.

3. Deneylerin Gergeklestirilmesi

Testlerin surekli sartlarda gerceklestiriimesi planlanmaktadir. Surekli sartlarin saglanmasi icin sicak ve
soguk su tanklarinda bulunan sularin sicakliklarinin zamanla degismemesi gerekmektedir. Sicak su
tankina doldurulan su PID sicakliklik kontrolcusu ile kontrol edilen elektrikli 1sitici kullanilarak deney
sicakligina i1sitilmakta ve bu sicaklikta tutulmaktadir. Deneyler baslamadan énce soguk su tankinda
bulunan su da PID sicaklik kontrolclist kullanilarak belirlenen sicakhda getirilecek ve deney siresince
sicakligi sabit tutulmaktadir. Soduk su sirkilasyon pompasi vasitasi ile 1sI esanjoriine
génderilmektedir. Olgllen ve veri kaydedici ile kayit edilen veriler kullanilarak boyutlarin 1si transferine
ve basing duslsline etkisinin ortaya konulmasi hedeflenmektedir.

4. Sonug¢

Suya daldiriimis farkli boyutlarda ve geometrik 6zelliklerde helisel 1s1 degistiricilerin karsilastiriimasi
amaclanmistir. Bu amagla farkli boyutlarda ve farkli geometrik &zelliklerde 1s1 degistiricilerin 1si
transferi analizini gerceklestirmek igin deneysel kurulum gergeklestiriimistir. Oncelikle diiz borudan
imal edilmis farkli boyutlardaki 1si degistiriciler g6z dniinde bulundurularak boyutlarin i1si transferine ve
basing dususune etkisi ortaya konulacaktir. Sonrasinda diz boru ile ayni boyutlara sahip yivli
borudan, krogilli borudan ve kanatli borudan imal edilmis borular kullanilacaktir. Béylece bahsedilen
geometrik ozelliklerin 1si transferine ve basing diististine etkileri elde edilecektir.
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OZET

Geleneksel sogutma sistemlerinde kullanilan sogutucu akigkanlarin ¢evre (zerindeki olumsuz
etkilerinden dolayi alternatif sogutma teknolojileri arayiglari artarak devam etmektedir. Termoakustik
sogutma sistemi (TAS) bu yeni teknolojilerden biridir. TAS ses dalgalarinin sogutma amagl
kullanimina dayali gelismekte olan bir 'yesil' teknolojidir. Bu sistemde is goéren akiskan olarak
kullanilan asal gazlarin ¢evre lzerinde herhangi bir olumsuz etkisi yoktur. Bu galisma da TAS tasarimi
ile ilgili bilgiler verilmis ve tasarim parametrelerine bagli olarak bir deney diizenegi kurulmustur. TAS
sisteminde c¢alismalarin ¢ogu yigin malzemesi ve geometrisi Uzerine yogunlagmigtir. Glnku yigin,
TAS sisteminin kalbi olarak kabul edilmektedir. Bundan dolayr bu calismada farkh yigin
malzemelerinin denenmesi i¢in bir deney dizenegdi kurulmustur.

Anahtar Kelimeler: Termoakustik sogutma, Yigin, Rezonans tupu, Akustik Gug

1. Giris

Surdurdlebilir kalkinma ile ilgili arastirmalar, ¢gevre koruma ve enerji tasarrufu olmak Uzere iki ana
konuyu kapsamaktadir. Kuresel gevre kaygilari, diinyanin enerji ihtiyacini karsilamak igin yenilenebilir
enerji teknolojileri gelistirme zorunlulugunu beraberinde getirmistir. TAS, minimum karbon ayak izleri
nedeniyle geleneksel sodutma ve guc¢ sistemlerinin yerini alacak uygun bir alternatif olma
potansiyeline sahiptir. TAS cihazlari, hava veya asal gazlarla calisabilmeleri, hareketli bilesenlerin
bulunmamasi, tasarimlarindaki basitlik, giines enerjisi ve atik isi ile ¢alisabilmesi gibi nedenlerden
dolayi son yillarda alternatif bir enerji teknolojisi olarak buyuk ilgi gérmustar[1].
Termoakustik sogutmanin temel prensibi Swift tarafindan olusturulmustur [2]. Termoakustik etki, ses
dalgalarinin basing dalgalari oldugu ilkesine dayanmaktadir. Ses dalgalari hava araciliyla molekiler
garpismalar sayesinde yayilir. TAS, basing salinimlari yoluyla cihaz icindeki ilgili alanlara isi
pompalamak icin yiksek genlikli ses dalgalar kullanir. Termoakustik sistemdeki dalga, yuksek
basingta salinan gaza isinin verildigi ve disuk basingta uzaklastirildigi yigin boyunca blyik miktarda
basing ve hiz dalgalanmalarina sahiptir. Sicakliktaki degisimlere bagli olarak, gazin basinci arttikca
gazin sicakligi da artar.
Termoakustik prensip, iki yiz yili agkin bir siredir arastirmacilarin ilgi odagidir. Isi kaynakh akustik
salinimlar ilk olarak 1777'de Byron Higgins tarafindan gézlemlenmis ancak asil teorik c¢alismalar
1969'dan 1980'e kadar Rott ve ortak arastirmacilar tarafindan sunulan bir dizi makale ile
olusturulmustur [3].
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1986 yilinda Hofler [4], tarafindan 6 W sogutma giicline sahip ilk basarih TAS piyasaya surulmustar.
Minner vd. [5], Reid ve Swift 6], Tijani vd. [7],. Hariharan [8] gibi isimler, is goren akigkanin rezonans
frekansinda salinimi sonucu, 6nemli bir sogutma etkisine neden olduguna dair c¢alismalar
yapmiglardir.

Terdi [9], yigin malzemesi olarak naylon misina ile sariimis fotograf filmi kullanarak TAS sistemini
deneysel incelemistir.

Girgin[10], yapmis oldugu deney calismasinda is géren akigkan olarak hava ve helyum kullanmis ve
farkli boylardaki yigin malzemesi Gizerinde olusan sogutma etkilerini karsilastirmistir.

Somasekhar ve arkadaslari[11], kurduklari sistemde farkli boylarda rezonans tiplinin TAS
performansini deneysel olarak incelemiglerdir.

Teja ve digerleri [12] is gbren akiskan olarak helyumu yidin malzemesi olarak deri kullanarak deneyler
yapmisglardir.

Arastirmalarin ¢ogu Amerika Birlesik Devletleri'nde digerleri Avrupa ve Cin'deki Universitelerde
yapimistir.

2. Termoakustik Sogutucunun Tasarimi
TAS tasarim parametreleri (¢ grupta toplanabilir. Tablo 1’de goérildaga gibi birinci grup geometrik
parametreleri, ikinci grup, is géren akiskanin ve yigin malzemesinin termofiziksel 6zelliklerini, Gg¢lncu

grup ise isletme parametrelerini igermektedir.

Tablo 1. Termoakustigin temelini olusturan parametreler

Geometrik Parametreler Malzemeye Ozgii Parametreler isletme Parametreleri

A- dalga boyu is Goren Akiskan 0.-Sogutma giicii

Ls- y1§in uzunlugu K- Isil iletkenlik ATm-Istenen sicaklik araligi
Xc- YIgIn merkezi a- ses hiz Tm- Ortalama galisma sicakhgi
2yo- y1gin boslugu p-Dinamik viskozitesi Pm-Ortalama basing

2l- Plaka kalinligi y-lzobarik ve izokorik 6zgll | Pi- Basing genligi

A-Enine kesit alani Istlar orani f- Frekans

B- Termal genlesme katsayisi
Yigin Malzemesi

Ps -yogunluk

Cs- Ozgul Is1

Ks-Isil iletkenlik

Duran dalga TAS sisteminin sematik gérinimua sekil 1. ‘de goérilmektedir. TAS sistemi, akustik
kaynak, yigin, rezonans tlpl ve 1si degistirici olmak Uzere dért temel bilesenden meydana gelmektedir

[4].
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Sicak Ug Isi Degistirici —l I— Sogug Ug Isi Degistirici

i '
_ YIGIN T
Akustik Glg Rezonans Tapl

YIGIN PLAKASI

I GAZ AKISI ¥
g w. 2 B sdedan .
SIKISTIRMA —s{ o0 %) () GENISLEME
TS v %
. Vq 1 ve

YUKSEK SICAKLIK DUSUK SICAKLIK

Sekil 2. TAS sisteminin sematik gérinumui ve Termoakustik islemler [13].

2.1. Akustik Kaynak

Bir TAS sisteminde, rezonans frekansinda duran bir ses dalga olusturmak igin rezonans tipuninin
ucuna akustik glic kaynagi olarak sekil 2 ‘de gorilen hoparlor yerlestirilmistir.

Sekil 2. Akustik kaynak: Hoparlor

2.2. Rezonans Tupu

Deney dizeneginde rezonans tlplu olarak Sekil 3'te gorilen PVC boru kullaniimigtir [15,16]. PVC
boru, i¢ ylzeyinin dizginligi ve yalitkan 6zelligi olmasi gibi nedenler yizinden tercih edilmistir.
Rezonans tupl uzunlugu A / 4 olarak segilmistir. [2,16]. Buna gore calisma frekansi esitlik 4.1'de
goruldagu gibi hesaplanmistir. Rezonans tipinin uzunlugu hesaplanirken ayni zamanda sistemde
kullanilacak olan ses dalgasi frekansi da belirlenmistir.

A=a/f (4.1)

a= 340 m/s (4.2)
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Sekil 3. Rezonans tupl olarak kullanilan PVC boru.

Hoparlériin rezonans tipu ile baglantisi Sekil 4 de gorildidu konik bir parga kullanilarak yapilmistir.

Sekil 4. Rezonans tiipu ile hoparlériin konik parca ile birlesimi.

Hoparlorin ses izolasyonu Sekil 5° de goruldigu gibi ahsap bir kutu kullanilarak yapilmigtir.

Sekil 5. Hoparlorin kutu igine alinmasi
2.3.Yigin
Bir TAS sistemindeki en 6nemli eleman, sistemin kalbi olarak kabul edilen yigindir. Bu nedenle yigin

Ozellikleri, TAS’In performansi Uzerinde 6nemli bir etkiye sahiptir. Yigin malzemesi olarak genellikle
78



3. RUMELI SURDURULEBILIR GEVRE iCIN ENERJI VE TASARIM SEMPOZYUMU

3rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
2-3 Subat 2023 / February 2-3, 2023

Silivri, ISTANBUL

Mylar ve celcor kullanilmistir [17]. Ayrica, fiberglas [5,18], cam [19] aliminyum [19,20], bakir [19],
paslanmaz gelik [21] ve RVC [19,20] gibi diger malzemeler de arastiriimistir.

Y1din malzemesi iyi bir 1s1 depolama kapasitesine ve dugik isi iletkenligine sahip olmalidir. Béylece
yigin i¢inde 1si transferi azalacak ve daha fazla isi enerjisi depolanmasi saglanmis olacaktir.

Sekil 6 ‘da TAS sisteminde kullanilan yigin malzemeleri gérilmektedir.

Sekil 6. Sistemde kullanilan yigin malzemesi (a) Mylar (b) Pamuk (c) Cam Yinu

Sistemde Ug farkli yigin malzemesi kullaniimistir. Sekil 6 (a) da goérildigu gibi isi iletim katsayisi 0.16
W/mK, kalinligi 75 mikron olan mylar yaklagik olarak 0.3 cm eninde ve 8 cm boyunda paralel plakalar
halinde kesilmig, bosluk olusturmak icin 0.3 mm c¢apindaki misinalar kullaniimigtir. Bdylece is géren
akiskanin yidin icerisinde serbestce hareket etmesi saglanmistir.

Sekil 6 (b) de goruldagu gibi 1si iletim katsayisi 0.07 W/mK, kahnhgi 50 mikron pamuk rezonans
tiplnin capinda sarilip 8 cm boyunda kesilmis ve yigin tutucu islevi goren bir bantla sarilarak
deneysel ¢calismaya hazir hale getirilmistir.

Sekil 6 (c) ‘de goruldigu gibi 1si iletim katsayisi 0.04W/mK, 180 mikron kalinliginda cam yuni
rezonans tlpunin ¢apinda sariimis ve 8 cm boyunda kesilmis ve yi§in tutucu iglevi goren bir bant ile
sarilarak deneysel galismaya hazir hale getirilmigtir.

Yigin merkezi konumunun akustik gi¢ kaynadi ucundan uzakligi A8 <yigin merkezi ( xc )< A /20
mesafede olmasi gerektigi literatirdeki calismalarda belirtiimigtir. Bu calismada yigin merkezinin
akustik gu¢ kaynagindan uzakligi 12 cm olarak secilmistir. Yigin boyunun uzun olmasi akustik gici
artirmaktadir [22,23]. Bununla birlikte, uzunlugun arttiriimasi, 6zellikle yogun bir yigin icin akustik
empedansi ve basing dististnd arttinir. Bu nedenle, yigin boyunun uzunlugunun fazla olmasinin COP"
de azalmaya neden olmasi beklenmektedir. Bircok arastirmanin bu bulguyu kanitladigi gériimektedir.
[ 5,24,25,26]. Sistem performansi dislnulerek yiginin boyu 8 cm olarak segilmistir [27 ].

2.4 is Géren Akigkan

TAS icin en iyi is gbéren akiskan olarak asal gazlar tanimlanmistir [20,28]. Bundan dolay! sistemde is
gOren akiskan olarak hava segilmistir.
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2.5 Sicaklik Olger

Sekil 7’ de goéraldugu gibi, sicaklik dlgiimleri yidinin soguk ve sicak uglarina baglanan iki adet sicaklik
Olger kullanilarak yapilmistir.

Sekil 7. Sicaklik dlgerlerin rezonans tupune baglantisi

2.6. Sinyal Jeneratorii ve islemsel Yiikselteg

Sistemde sinus ses dalgasi Uretmek amaciyla kullanilan sinyal kaynadi ve islemsel yikselteg,
osiloskop ve voltmetre Sekil 8’ de goruimektedir.

@) (b) (©)

Sekil 8. Deneysel galismada kullanilan (a) sinyal jeneratéri ve islemsel yikselte¢ (b) Osiloskop (c)
Voltmetre
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Deneyde kullanilan elemanlarin birbirine montaji yapilarak hazirlanan deney dizenegdi ve semasi sekil
9 ‘da gOrulmektedir.

No Sistem Elemanlari
1 Hoparlor

2 Rezonans tipl

3 Yidin

4 Guc Kaynagi

5 DC 12V

6 Islemsel yikselteg
7 Sinyal Jeneratori
8 Osiloskop

9 Datalogger

10 Bilgisayar

T1 Tsic

T2 Tso(;

T3 TorTam

Sekil 9. Deney duzenegi ve sematik gosterimi

Tablo 2. Deneysel ¢calisma da kullanilan parametreler

Parametre Caligilan deger

Dalga Yapisi SinUs

Rezonans tlipl malzemesi PVvC

Rezonans tlip uzunlugu 0,25m

Rezonans tlipl ¢api 23 mm

Rezonans frekansi 340 Hz

Y1gin malzemesi Mylar, cam yUnu ve pamuk
Yigin uzunlugu 8cm

is géren akiskan Hava
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3. Sonuglar ve Degerlendirme

Bu calismada TAS tasarimi yapimis ve tasarim parametrelerine uygun deney dizenegi
hazirlanmistir. Deney dlzenegini tasarlanirken gerekli parametreler arastirilmis ve ¢calismalar literatr
kisminda verilmistir. Hazirlanan dizenekte farkli yigin malzemeleri kullanilarak deneyler yapilimistir.
Dizenekte mylar, pamuk ve cam yini olmak Uzere isi iletim katsayilar farkli (¢ yigin malzemesi
kullanilmigtir. Yigin malzemesinin sicak ve soguk uglarindan sicaklik dlger ile her on dakikada bir
yapilan dlgimler sonucunda yiginin bir ucunda sicaklik artisi diger ucunda ise sicaklik azalmasi
oldugu anlagiimigtir. Olusan bu sicaklik farklari kiyaslandiginda en yiksek sicaklik farkinin mylar yigin
malzemesi kullaniimasi durumunda olustugu gézlenmistir. Mylar yigin malzemesi i¢in elde edilen
sonuglarin literatlir ile uyumlu oldugu gézlemlenmistir. Bu ¢alismada yigin malzemesi olarak daha
Once literatirde Uzerinde ¢alisma yapilmayan cam yunu ve pamuk da denenmistir. Bu malzemeler ile
yapilan deney sonuglari ilgili literattr bulunamadigi igin literatlre uyumluluk incelemesi yapilamamistir.
akustik sogutma sistemlerinde performans goreceli olarak disik oldugundan prototip gelistirme
maliyeti oldukgca ylksektir. Su an icin termoakustik sogutucularin ticari olarak kullanilip
kullanilmayacagini tahmin etmek oldukc¢a zordur. Fakat bu alanda performansi ylkseltmeye yonelik
calismalar ilerledikge termoakustik sogutucularin geleneksel sogutucularla rekabet etme imkani
artacaktir.
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OzZET

Uretim hatlarindaki makinelerin beklenmedik bozulmalari ve islem hizlarinin birbirinden farkli olusu
Uretim akisinda beklemelere ve tikanmalara neden olur. Béyle durumlarda, makine aralarinda bulunan
tampon stoklar Uretimin daha akici bir sekilde akmasina olanak verir. Bu sebeple Uretim hattina
yerlestirilen tampon stoklarin kapasitesinin ayarlanmasi Uretim verimi agisindan oldukga 6nemlidir.
Diger taraftan, yeterli tampon stok seviyeleri beklemeler esnasinda bazi makinelerin kapatiimasi
suretiyle enerji tasarrufuna olanak sunarlar. Cevrimici elde edilen makine bozulmalari, tampon stok
seviyeleri, makinelerin bosta olma durumlari gibi Gretim verileri enerji tasarrufu firsat pencerelerinin
hesaplanmasinda kullanilabilirler. Bu ¢alismada, uretim hatlarinda makineler arasina yerlestirilen ara
stok kapasitelerinin ayarlanmasi yoluyla bir taraftan gereksiz enerji harcanmasi Onlenirken diger
taraftan istenilen Uretim veriminin elde edilebilecegi matematik bir model ile agiklanmigtir.

Anahtar Kelimeler: Suardurilebilir Gretim sistemleri, Gretim hatti, tampon stok, tampon stok tahsisi
problemi, enerji tiiketimi, Gretim orani

1. Girig

Teknolojideki gelismeler ve sanayilesme ile bas gdsteren cevresel sorunlar lretimde cevre dostu
sistemler tasarlamayl ve c¢evreci yaklagimlari uygulamayi zorunlu hale getirmistir. Uretim
sistemlerindeki en blylk giderlerden biri enerji harcamalaridir. Uretici firmalar artik yasal
dizenlemeler, paydas baskilari, ekolojik farkindalik gibi sebeplerle ve rekabet avantaji saglamak igin
enerji verimliligini glndemlerine almiglardir. Buna goére Urin kalitesini ve uretim verimliligini
etkilemeden enerji tasarrufu saglamanin yollarini aragtirmak gereklidir.

Uretim tesislerinde kullanilan enerjinin yaklasik %75'ini Gretim hatlari tiketir [1]. Otomobil Gretimi, gida
endustrisi, elektronik esya Uretimi gibi seri Uretimin yapildidi tesislerde Uretim hatlari siklikla karsimiza
cikmaktadir. Bir dretim hatti, GrinG Uretmek igin gerekli surecleri gerceklestiren makinelerin sirayla
dizilmesinden olusur ve duzgun bir Urin akigi icin makine aralarinda tampon stoklar bulunur. Buna
ragmen, makine hizlarinin birbirinden farkli olusu ve beklenmedik makine bozulmalari sebebiyle
zaman zaman Uretim hattinda tikanmalar ya da parca icin beklemeler meydana gelebilir. Diger bir
ifadeyle, 6ndeki tampon stokta islenecek parca kalmadigi durumda makine bekleme (bos) durumuna,
ayni sekilde sonraki tampon stok tamamen doldugunda makine bloke (bos) durumuna geger ve hattaki
bu bekleme ve tikanma durumlari istenilen Uretim miktarlarina ulagsmayi zorlastirir. Ortaya ¢ikan bu
Uretim kayiplari, tampon stok kapasitelerinin artiriimasi ile hafifletilebilir. Béyle bir durumda tampon
stoklara yatirrm maliyetleri, stok alaninin kisith olusu gibi faktorler bir engel olarak karsimiza gikarlar.
istasyonlar arasindaki optimal stok kapasitelerinin belirlenmesi ile ilgili problem, literatiirde Tampon
Stok Tahsisi Problemi (BAP) olarak bilinir. BAP probleminde amag¢ toplam tampon stok kapasitesini
sabit tutarken Uretim verimini maksimuma ulastiran tampon kapasitelerini belirlemektir. BAP problemi,
NP-zor kombinatoryal bir optimizasyon problemidir. Konunun o6nemi ve zorludu sebebiyle
arastirmacilarin son 50 yildir ilgisini geken bir konudur. Konuyla ilgili yapilan ¢caligmalari incelemek igin
Weiss vd.’nin [2] literatlr arastirmasina bakilabilir.
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Son zamanlarda, artan yakit fiyatlari ve global rekabet sebebiyle Uretim firmalari maliyetleri asagi
cekecek yontem arayisina girmiglerdir. Surdurdlebilir farkindaligin da artmasiyla birlikte Gretimde
enerji tasarrufu konusu giindeme gelmistir. Uretim sirasinda tampon stok seviyelerinin belirli bir
seviyenin Uzerine ¢ikmasi bazi makinelerin enerji tasarrufu igin kapatilmasini mimkin kilar. Ener;ji
tasarrufu icin firsat penceresi/zamani denilen bu vakitler ¢evrimigi Uretim verilerinden hesaplanir.
Brundage vd.’nin [3] seri Uretim hatlarindaki enerji tasarrufunu en st diizeye ¢ikarmak igin gelistirdigi
bu strateji, Gretim verimini olumsuz etkilemeden eneriji tasarrufu icin belirli makinelerin kapatiimasina
olanak tanir. Yazarlar, enerji verimliligini lgmek ve hattaki en az enerji verimli makineyi belirlemek igin
birtakim performans gostergeleri sunmuslardir.

Bu calismada, Uretim hatlarinda makineler arasina yerlestirilen ara stok kapasitelerinin ayarlanmasi
yoluyla bir taraftan gereksiz enerji harcanmasi 6nlenirken diger taraftan istenilen tretim veriminin elde
edilebilecegi matematik bir model ile agiklanmistir. Performans degerlerinin hesaplanmasi ve
optimizasyonunda kullanilabilecek ydontemler hakkinda bilgi verilmistir.

Calismanin ikinci boéliminde enerji tasarrufu ile glncellenen tampon stok tahsisi probleminin
matematik modeli gésterilmis ve enerji tasarrufu firsat penceresi kavrami agiklanmis, Gglinct bélimde
uretim miktari ve enerji tiketim miktarlarinin tahminine yénelik bilgiler verilmigtir. Dérdlnci bdlimde
yuksek Uretim miktarlarini elde ederken enerji tasarrufunu da saglayan optimal tampon kapasitelerinin
belirlenmesine yonelik olarak Es-Zamanli Pertiirbasyon Stokastik Yaklasimi (SPSA) onerilmis ve
sonug béliminde galismanin katkilari 6zetlenmistir.

2. Problem Tanimi

Tampon stok tahsisi problemi (BAP), seri dretim hatlarinin tasariminda karsilasilan en 6nemli
problemlerden biridir. Problemin amaci, makineler arasina yerlestirilen tampon stok kapasitelerinin
belirlenmesidir. Tamponlar, makinelerin bekleme ve tikanmalarini minimize ederek istenilen Uretim
miktarlarina ulasilmasini saglar. Ancak, tampon stoklara ilk yatinm maliyetleri ve tampon
depolamadan kaynaklanacak maliyetler sebebiyle optimum kapasitelerin tasarlanmasi 6nemli bir
husustur [4].

Sekil 1’de k-makineli, k-1 ara stoklu bir seri Gretim hatti resmedilmistir.

Fi M i N Tebebr N, T3 Mg.Ps Np Mo He By
M| MQ M3 ................ > Mk

Sekil 1 Seri Uretim Hatt

Sekil Uzerinde kullanilan notasyonlar su sekildedir:

M;, i makinesi, i =1, ...,k

B;, jtampon stogu, j =1,..,k—1
Ui, M; makinesinin islem hizi

p;, M; makinesinin arizalanma hizi
1;, M; makinesinin onarim hizi

N;, B; tamponunun kapasitesi

Bu calismada geleneksel BAP probleminin amag fonksiyonu biraz daha genisletilerek ¢ok amagcli hale
getirilmigtir. Buna gdére hattin Uretim hizi, PR maksimize edilirken ve enerji tiketimi, E minimize
edilmektedir.

vy PRAD EQV)
N= (NTI\%?.(..,N,(_I)Z( )_PRmax Epax 1)
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K-1
Z_ N; < Neoptam  j=1,..,k—1
= )
N; =0 j=1,..,k—-1
(1) numarali amag¢ fonksiyonunda ayni anda iki amaci da gerceklestirebilmek icin her iki deger
maksimum degerlere bdlinerek normalize edilmistir. (2) numaral formilde toplam depolama alani,
Neopiam Kisit olarak verilmistir. Asagidaki bdlimde yeterli tampon seviyelerinin ve makine
bozulmalarinin nasil firsata ¢evrildigi anlatiimaktadir.

2. 1. Enerji Tasarrufu igin Firsat Pencereleri

Uretim hatlarinda birim zamandaki tretim miktarini hattaki en yavas makine, yani darbogaz belirler.
Cunkd, darbodaz makine yukarisindaki tamponlar doldugunda yukari hattin ttkkanmasina, asagisindaki
tamponlar bosaldijinda ise asagi hattin bos beklemesine neden olur. Burada asil olan, UGretim kaybi
yasamamak igin, darbodaz makinenin bekleme ve tikanmasinin engellenmesidir.

Hatta makine bozulmalar gergeklestiginde Uretim kaybina neden olur, ancak bu durum enerji
tasarrufu acisindan avantaja donustirdlebilir. Tampon seviyelerinin belirli bir esidin lzerine ¢gikmasi
bazi makinelerin enerji tasarrufu igin kapatiimasini mimkin kilar. Arizali istasyon (Md) ile en yavas
istasyon (Ms) arasindaki tamponlarin bosalmasi (d<s) veya tamamen dolmasi (d>s) igin gegen sure
ya da en yavas istasyonun bekleme ya da tikanma durumuna gelene kadar gegen sire ener;ji
tasarrufu icin kullanilabilecek firsat penceresidir. Bu zamanlarda, Brundage vd.nin [3] gelistirdigi
makinelerin enerji tiketimi performans degerleri hesaplanarak en fazla eneriji tiketimine sebep olan
makineler gegici olarak kapatilabilir. Asagidaki bélimde birim zamandaki Uretim miktari ve ener;ji
tlketimi 6lcim metotlarindan bahsedilecektir.

3. Performans Degerlendirmesi

Makinelerin bozulma sikliklar, onarilma hizlari, islem hizlari ve tampon stok kapasiteleri Uretim
miktarinin tahminini zorlagtiran faktérlerdir. Uretim hizini, dolayisiyla birim zamanda retilen Griin
miktarimi tahmin etmek igin literatirde ayristirma (Decomposition) ve toplama (Aggregation) analitik
yaklagsim metotlari ya da similasyon teknidi kullaniimistir. Bu g¢alisma igin simuilasyon tekniginin
kullanimi énerilmistir. Eneriji tiketimini tahmin etmek igin Uretim hattindaki sensor verileri kullanilabilir.

4. Optimal Tampon Kapasitelerinin Bulunmasi: Eg-Zamanli Pertiirbasyon Stokastik Yaklagimi

Simulasyon modeli mevcut parametreler (operasyon suresi, tamir suresi, bozulma orani ve ara stok
kapasitesi) ile galistinlip birim zamandaki triin miktari, PR hesaplanir. Tampon kapasiteleri, Spall [2]
tarafindan gelistirilen Es-Zamanli Pertirbasyon Stokastik Yaklasimi (SPSA) ile degistirilerek tekrar
tekrar Grdn tahmini yapilir. En ¢ok Uretimi saglayan ve en duslk ener;ji tiketimini gergcekleyen tampon
kapasitesi degerleri optimal degerler olarak belirlenir.

Tampon stok kapasitelerinin optimal degerlerini bulmak igin kullanilacak SPSA ydntemi, geleneksel
Sonlu Farklar Stokastik Yaklagimi (FDSA) kadar dogru sonuglar verir ve tek seferde birden fazla
parametreyi degistirdiginden FDSA’dan daha hizli optimale ulasir. SPSA segmemizin sebeplerini su
sekilde siralayabiliriz:

. Guriltalt amag fonksiyonlari kullanilabilir.

. Lokal ve global olarak yakinsar.

. Genetik algoritma, benzetilmis tavlama gibi metotlara gére daha az katsayinin belirlenmesi
gerekir.

. Geleneksel stokastik yaklagimlara gore daha az dlgiime gerek duyar.
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SPSA'da gerekli z(N) 6lciim sayist _ Heriterasyonda 2 gozlem 1

FDSA'da gerekli z(N) 6lgiim sayist  Her iterasyonda 2p gozlem - p 3

Burada p parametre sayisini gostermektedir. Problemin amag fonksiyonu z(N)'nin turevini sifir yapan
degerler ile optimal tampon kapasiteleri elde edilir.

o~ dz(N) B
ST - (@)

N=N*

Ancak z fonksiyonunun degeri dogrudan hesaplanamadigindan gradyan degerleri SPSA ile tahmin
edilir. Gradyanlar tahmin ederken her bir iterasyonda similasyondan elde edecegimiz Uriin miktarina
ait iki 6lcime ve sensor verilerinden elde edilen enerji tuketim miktarlarina ihtiyag olacaktir. Amag
fonksiyonuna ait gbézlemi y(N,w) ile g0Osterirsek bu gézlemin beklenen degeri de gercek amag
fonksiyonuna esit olur, z(N) = E[y(N,w)]. Buradaki w gurlltiyl ifade etmektedir. Gradyanlar
asagidaki denklemi kullanarak tahmin edebiliriz.

. y(N") —y(N7)
N)=-2~~2 7~ 7
gt( t) 2¢,4,
- 5
N* =N, + ¢4, ®)
N_zﬁk_CtAt

Burada t iterasyon numarasini, ¢, ylzde pertirbasyon katsayisini, A: pertirbasyon vektorini
gOstermektedir. A‘nin elemanlari Bernoulli degiskenleridir, esit olasiliklarla 1 ve -1 degerini alirlar, c;
sifirdan buyuktir ve t sonsuza yaklasirken degeri sifira yakinsar, ¢; >0, ¢, > 0 as t - .

Her iterasyonda parametreler glncellenirken gradyan tahminleri kullanilir. Tasarim parametreleri
kisitlari yoksa (6) ile kisitlari varsa (7) ile glincellenir.

]Vt+1 = ]Vt - atgt(ﬁt) (6)

Niyy = Py(Ne — g (V) ) ™

Py, olursuz degerleri en yakin sinir degerine yansitan projeksiyon fonksiyonudur. a; artis dizisidir ve t
degeri arttikga sifira yakinsar, a; > 0, a; > 0 as t — oo.

5. Sonug

Seri Uretim hatlarindaki tampon stok kapasitelerinin tasarimi Uretim verimi agisindan oldukga
Onemlidir. Son zamanlarda cevresel duyarlihdin ve enerji maliyetlerinin artmasi uretimde enerji
tasarrufu saglayan yeni stratejilerin gelistiriimesini gerekli kilmaktadir. Yeterli tampon stok seviyeleri
beklemeler ve tikanmalar esnasinda bazi makinelerin kapatilmasi suretiyle enerji tasarrufuna olanak
sunarlar. Bu calismada, Uretim hatlarinda makineler arasina yerlestirilen ara stok kapasitelerinin
ayarlanmasi yoluyla bir taraftan gereksiz enerji tiketimi dnlenirken diger taraftan istenilen Uretim
veriminin elde edilebileceg§i matematik bir model ile acgiklanmistir. Performans degerlerinin
hesaplanmasi ve optimizasyonunda kullanilabilecek yontemler hakkinda bilgi verilmistir.
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OzZET

Bu c¢alismada, Turkiye'nin biyolojik gesitliligi ve karsi karsiya bulundugu tehdit ve tehlikelere kisaca
deginilmistir. Biyoekolojik agidan kitasal 6zelliklere sahip olan Tirkiye’de 11 707 bitki taksonu
bulunmakta ve bu sayinin da Ugte biri sadece Turkiye’de dogal populasyon olusturan bitki tirlerinden
olusmaktadir. Koéycegiz'deki sigla ormani(Liquidambar orientalis), bir orman agaci olarak endemik bir
bitki tirinin orman olarak bir yapilanma olusturmasi érnegi, dinyada c¢ok nadir drneklerdendir.
Hayvan gruplari agisindan da kitasal 6zellikler gosterir. Omurgasiz hayvan gruplarinin tamaminin
henlz belirlenemedigi Turkiye’'de, yaklasik omurgasiz hayvan tirl sayisini 70-80 bin olarak verebiliriz.
Omurgall hayvan grubunda ise en fazla turle temsil edilen baliklari tir sayisi 928'dir. Turkiye'de 39 cift
yasamli; 124 siriingen ve 170 memeli tirl betimlenmistir. Ayrica Anadolu’da betimlenen 525 kus tiru
saylisl Rusya hari¢ diger Avrupa ulkelerinden daha fazladir. Bu kus turlerinin 70 ‘ine sadece rastlanti
ile en fazla iki kez rastlandigi gorilmustir. Bu sayi ¢ikarilirsa Tirkiye’de sik rastlanabilecek kus tarl
sayisi 455 olarak ortaya ¢ikmaktadir. Bu denli zengin biyogesitlilige sahip olan Turkiye’de bu biyolojik
elemanlarin é6nemli bir b6limU ¢evresel bozulmalarla tehdit altina girmistir. Sulak alan, ormanlik bdlge,
terrestrik alanlarin bozulmasi, ¢éllesme tehdidi, 6zellikle erozyonun olumsuz etkileri ve ¢esitli gazlarin
salimi ile ortaya cikan iklim degisimine neden olan bozucu etmenlerle tehdit altina girmekle karsi
karsiyadir. Bu olumsuzluklara engel olunmasi amaciyla ¢evre egitimi, kent mizelerinin roll ile ¢evre
bilinci olusturmanin énemi de ortaya konmaya calisiimigtir.

Anahtar Sozciikler: Biyolojik ¢esitlilik, tehditler, sulak alanlar, ormanlar, kus turleri, hava kirliligi, iklim
degisimi.

ABSTRACT

In this study, Turkiye's biodiversity and the threats and dangers it faces are briefly presented. In
Tarkiye, which has continental characteristics from a bioecological point of view, there are 11 707
plant taxa, and one third of them consist of endemic plant species that form natural populations only in
Turkiye. The Oriental Amber Tree (Liquidambar orientalis) in Kéycegiz is one of the rare examples in
the world where an endemic plant species forms a forest structure as a forest tree. It also shows
continental characteristics in terms of animal groups. In Tirkiye, where not all invertebrate groups
have been identified yet, we can give the number of invertebrate species as 70-80 thousand. In the
vertebrate group, the number of fish species is the highest with 928. In Turkiye, 39 species of
amphibians, 124 species of reptiles and 170 species of mammals have been described. In addition,
the number of 525 bird species described in Anatolia is higher than in any other European country
except Russia. It was found that 70 of these bird species were encountered only by chance, at most
twice. Subtracting this number gives a total of 455 bird species commonly encountered in Tirkiye. In
Tarkiye, which has such a rich biodiversity, a large part of these biological elements is threatened by
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environmental degradation. Wetlands, forest areas, land degradation, the threat of desertification,
especially the negative effects of erosion and climate change caused by the release of various gases
are threatened. To prevent these negative impacts, efforts are also being made to emphasise
environmental education, the role of urban museums and the importance of raising awareness about
the environment.

Keywords: Biodiversity, threats, wetlands, forests, bird species, air pollution, climate change.

GiRiS

Ekoloji ve eksik ekolojik yaklagim; dodanin korunamamasi ile ilgili davranis; bir bakima
ekonomik islevleri de sinirlamaktadir. Ornegin, hammadde ve yenilenemeyen kaynaklardaki azalma,
insanoglunu ne gibi onlemler almaya yoneltecektir? Bu soruya yanit aramak artik kiresel bir gérev
olmustur. Yine dinyadaki kontrolsiiz nifus artisina bagh iyi beslenememe ve ortaya cikan aglik
sorunu, nasil ¢ozimlenmelidir? Ayrica nifus artigi ile dodrudan iligkisi olan endstriyel kirlenme
sonucunda, gevre tahribati ve kirlenme nasil 6nlenecektir? Kullanilan yodun ve kontrolsiiz pestisit,
insan ve cevresel o6geleri nasil etkilemektedir? Cesitli atik gazlardan kaynaklanan hava ve su kirliligi
nasil énlenmelidir? Su kaynaklarinin yetersizligi sonucunda 6lim oranlarinin artmasi, énemli bir
ekolojik sorun degil midir? Biyolojik cesitlilik, iklim korumasi ve ¢ollesme gibi birbirine zit konularin
aciklanmasina ve tartisiimasina galisilacaktir( bkz. Kazanci et al., 1995; Korn et al.2008, Kiziroglu,
2019; Kiziroglu et al.,2009 ve 2013).

Bu ve buna benzer daha birgok gevre odakh sorun, ekolojik dislince ve davranisin kiresel
anlamda yayginlasamamasi sonucu, bir bakima diinya ¢evre savaslarina yol agacaktir. Bu
savaglarin da galibi olacagini disliinen bazi ulke ve yoneticileri, ayni yerkirede oldugumuzu neden
unutuyor? Gunumuizde en ¢ok dikkati ¢eken gevre sorun ve c¢ozUmleri icerisinde Oncelenmesi
gerekenler iklim degisikligi ve ona neden olan her tirlU atik iretimi; biyolojik kaynaklarin 6liimii; su
sorunu; toprak erozyonu; kiiresel iIsinma, iklim degisimi, ormansizlastirma ve niifus yogunlugu
gibi en temel sorunlardir (Profft et al.2008; Kiziroglu, 2019). Bu ¢alismada, bazi olgular ele alinirken,
once biyolojik cesitlilige deginilecek, etkileyen neden ve korunmasina ydnelik énlemler Gzerinde
durulacaktir. Biyolojik gesitlilik ve ¢evre egitimi (izerinde de durulacaktir.

BiYOLOJIK CESITLILIGIN TANIMI

Rio de Janeiro kentinde 1992'de toplanan “Dinya Cevre Dorugunda”, imzalanan “Biyolojik
Cesitlilik Hakkindaki S6zlesme” metnindeki tanimi séyledir: “Kara, deniz ve diger su ekosistemlerini
iceren, biitiin kaynaklardaki ve parcasi olduklari ekolojik ag dahilindeki tiim canli organizmalarda
gézlenen cegitliligi ifade eder”.

Biyocesitlilik S6zlesmesi, uluslararasi gevre koruma sdzlesmeleri arasinda, en ¢ok kabul géren
cevre sozlesmesidir. Tlrkiye bu sézlesmeye 1996 yilinda taraf olmustur. Her Ulye Ulke kendi ulusal
biyolojik cesitlilik stratejisi/eylem planini hazirlamak ve eylem planinin igerdigi 6énlemleri uygulamaya
koymakla yakumladur.

Gerek yerel ve gerekse global dlgekte biyolojik gesitliligin korunmasina yonelik birgok s6zlesme
yapilmistir. Turkiye, 14.02.1997 tarihinde Biyolojik Cesitlilik S6zlesmesini imzalamis ve bu ¢ergevede
Ulusal Biyolojik Cesitlilik Strateji Eylem Planini gelistirmistir (TC Cevre ve Orman B., 2008).
Biyolojik Cesitlilik ve mevcut dogal kaynaklar, sonraki kusaklarin ve su andaki toplum katmanlarinin
kullanimina sunulurken, herhangi bir zarara ugramamasi gereken 6nemli yasamsal 6gelerdir. Bu
6gelerin koruma-kullanma entegre yénetim planlamasi baglaminda garanti altina alindigi Biyolojik
Cesitlilik S6zlesmesinde U¢ temel hedefe ulasiilmasi dncelenir: Bunlar
*Biyogesitliligin korunmasi;

*Biyolojik kaynaklarin sirdurdlebilirliginin saglanmasi ve
*Genetik kaynaklarin kiresel élgtide kullaniminin bilingli, adil ve esit olarak yapilmasidir.
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Biyogesitlilik, ¢esitli ekosistem ve yasam alanlari ve canli tirleri ile ilgili, kapsami genis bir
kavrami belirtir: Ornegin, orman; tath su; deniz ve diger karasal ekosistemleri; topragi; kiiltiir
bitki, evcil ve yabani tiirleri; mikroorganizmalari ve doganin diger bilegenlerini kapsar. Buna
g6re Biyocesitlilik, dort grupta incelenir:

1) Genetik Cesitlilik;

Bir tlr veya populasyonun sahip oldugu genlerin timine “Gen Havuzu" denir. Gen havuzunda,
genlerin bir ya da daha fazla bigimi bulunur. Ayni genlerin farkh formlari “Allel “olarak adlandirilir.
iste, Allel cesitliligi, populasyonlarin “Genetik Cesitliligi” anlamina gelir.

2) Tur Cesitliligi;

Tar; dogal kosullar altinda birbirleriyle ciftlesebilen ve Greme yetenegine sahip, yavru yetistirme
potansiyelinde olan bireylerin ait oldugu taksonomik bir birimdir. Bir ekosistemdeki tir sayisi, tur
bazinda biyolojik zenginligi ifade eder.

3) Ekosistem; Ekolojik olaylar ve iglevler gesitliligi:

Once habitat gesitliliginin, sonra da tiir gesitliliginin ortaya gikmasini sagdlayan énemli bir
etmendir. Bir bdlgedeki ekosistemlerin, daha kuguk Olcekte de habitatlarin gesitliligi, biyolojik
cesitliligin kacinilmaz bir pargasi olarak degerlendirilir.

Asiri avcllik, et ve fildisi igcin avlanan karasal hayvan ve diger tibbi Grlinlerin elde edilmesi icin
canh varliklar, soylari tikeninceye kadar avlanmaktadir. Kontrolsiiz ve yodun pestisit kullanimi; toprak
erozyonu; iklim degisimi; kiresel 1sinma; dogal alanlarin tahribi ve asiri niifus artigi biyolojik cesitliligi
olumsuz etkiler. Her yil soyu tilkenmekte olan canli hayvan tirl sayisi yizlerle ifade edilmektedir:
Birlesmis Milletlerin bir raporuna goére, her giin 130 hayvan ve bitki tirinidn soyu tlikenmektedir. Bu
cercevede avcilara silah avciligi yerine, fotograf avciligi/fotosafari yapmalarini salik veririz (Kiziroglu
etal. 2010). Biyogesitliligin yok olusunu 6nleyici kesin ve gegerli 6nlemlerin mutlaka alinmasi gerekir.

TURKIYE’NIN BiYOEKOLOJIK ONEMI

» Tirkiye bir yandan Avrupa, diger yandan Kafkas, iran ve Arabistan kokenli canl
elemanlarina sahip, 6nemli biyolojik potansiyeli ile dikkat ¢ceker. Tasidigi olaganustiu zengin biyolojik
cesitlilik ile 1liman iklim kusagdinin en dnemli Ulkeleri arasinda yer alir.

» Turkiye'nin biyolojik zenginligi, sahip oldugu gesitli iklim tipleri (karasal iklim, okyanus iklimi
ve Akdeniz iklimi); jeolojik ve jeomorfolojik yapisi; zengin su kaynaklari (deniz, gol ve akarsu); blylk
yukseklik farklari (deniz seviyesi-5000 m); ¢ok cesitli habitat tipleri ve cografi konumundan
kaynaklanir..

» Bu elemanlar bir yandan Akdeniz, Karadeniz ve Ege Denizi kusagindaki farkl yapi
gOsteren algak ve dag orman ekosistemlerini (Akdeniz kusagindaki selvi ve sedir ormanlari) olusturur;

» Diger yandan i¢ ve Dodu Anadolu'nun step karakterli cok zengin step ve bozkir
ekosistemlerini barindirir.

» Bunlara ek olarak Turkiye soyu tikenme tehdidi altindaki bir¢ok canli tiriine érnegin
a)Ak ve Tepeli pelikan (Ureme alanlari Manyas, Gediz ve Buyuk Menderes Deltasi)(Resim 16b)
b)Flamingo (Ureme alanlari Sultansazligi, Resim 2a , Seyfe Gélu, Tuz Golu) ve
C)Dikkuyruk 6rdege (Burdur Golu kislagi; Resim 14b) yasama olanadi sunan, ¢ok dnemli sulak
alanlara sahiptir;

Goralduga gibi Tirkiye bu kitasal karakterli ekosistem  bitinligu icinde, biyolojik gesitlilik ve kaynak
agisindan, Palearktigin en 6nemli dogal kaynak bolgesi durumundadir.

TURKIYE’NIN BiYOGESITLILIGI

*TUrkiye’nin degisik biyotoplari binyesinde barindirmasi, hem bitki(flora) hem de hayvan
(fauna)varliginin ¢esitlenmesini saglamistir:

*Qzellikle tohumlu bitki tirlerindeki endemizm, kita Avrupasi ile yaris edecek durumdadir:

*Avrupa Kitasindaki bitki tarlerinin % 75’i Turkiye’de bulunur. On binin Gzerindeki

tohumlu bitki tirGd varliginin yaklasik 1/3'U0 sadece Turkiye’de dogal populasyon olusturur; yani
endemiktir.

*Burada genis Anadolu steplerindeki biyolojik potansiyel 6nem kazanmaktadir.

*Hayvan varlidi agisindan da kitasal karakterlidir.
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*Omurgall hayvanlarin tir bazinda tespiti yapiimis ve adlandirmalari kismen

tamamlanmis olmasina karsin,

*Tar sayisinin 70-80 bin olabilecegdi varsayilan omurgasizlarla ilgili yogun ¢alismalarin

yapilmasina gereksinim vardir.

*En son degerlendirmelere gore, yurdumuzda 525 kus turt saptanmistir. Bunlarin da

70’1 en fazla iki kez go6zlemlendidi igin, rastlantisal tirler olarak deg@erlendirilebilir. Bu tirler
cikarildiginda Tirkiye'de sikca gozlemlenen kus tlrl sayisi 455 olarak belirlenmistir (Kiziroglu,
2008;2021,2022)

Bogaz Uzerinden gdger kus turt katarlarina hem ilkbahar hem de sonbahar gé¢ déneminde
rastlamak olasidir. Gerek yirtici kus ve gerekse leylek turlerinin, dinyanin en guzel gékyluzine sahip
Bogazici Uzerindeki gé¢ valslerine doyum olmaz. Goé¢ valsini mart- mayis ve eylil-ekim aylarinda
izlerken, gé¢cmen kus katarlarini olusturan birey sayilari doruk noktasina ulasir (Kiziroglu 2015).

Tuarkiye ve Anadolu Cografyasi hem faunal, hem de floral elemanlar agisindan oldukga zengin
bir yapi gosterir (Kiziroglu et al.2006). Dinyanin gogu boélgesinde bu kadar kiglk bir alanda, bdylesine
bir biyolojik zenginlige rastlamak mimkun degildir. Anadolu’da toplam yabanci ve kiiltir bitkileri dahil
11707 bitki taksonu saptanmistir (Giner et al.2012; Kiziroglu et al.2013; Muminjanov (Ed.) et al.2019).
Yurdumuzu 6zellikle kus (525 kus turl belirlenmistir) ve diger canh tirleri (, bkz. Tablo 1) igin gekici
yapan, zengin ylkseltiler; sulak alan; orman; mera ve bozkir gibi farkli dogal zenginliklere sahip olma
ozelligidir.

Tablo 1.Tlirkiye’deki hayvan ve bitki tiirlerinin gruplari ve tiir sayisi”

Bitki ve Hayvan Gruplari Betimlenmig Tiir Sayisi Endemik Tiir
Sayisi ve (%)
Bitki Taksonu Sayisi © 11 707
Hayvanlar: 70 000-80 000
Omurgasizlar 68 758-78 758
Orthoptera/Tettigoniidae v 160 109 68,1
Omurgalilar 1 786/(42340)**
Baliklar 928/(25 000) 3 0,6
Cift Yasamlilar 39/(3 025) 1 5,0
Suriingenler 124/(5 115) 2 2,2
Kuslar? 525 9);454 4/(11 400) - -
Memeliler 170/ (4 200) 1 0,6

*)= Kiziroglu et al.(2006): b Ciplak, B.(2003); ?Kiziroglu(1989;1993;2008;2009;2021;2022);
3) =Kiziroglu(2015)=Soyu tiikenen tiir sayisi=2 (%0,5). 4 = Kiziroglu (2022)= Tirkiye'de en
fazla iki kez izlenen 71 kus tiri disinda, siirekli izlenen kus tlr( sayisi; 9= Parantez igindeki
sayi dinyadaki kus turl sayisi (HBW, 2019 ve Gill et al.,2021’e gbre); ***= Parantez igindeki
sayllar diinyadaki tiir sayisi;® Glner et al., 2012 ve Muminjanov (Ed.) et al.2019’e gére.

ONEMLI BiYOLOJIK GESITLILIK ALANLARI

Tirkiye'de 266 Onemli Doga Alani bulunuyor. Antalya ve Konya bu alanlar agisindan en
zengin illerdir. Onemli Doga Alanlari’'nin sadece %19'u koruma altindadir. Ulkemizdeki énemli dogal
alanlar 18 farkh koruma statustyle korunmaktadir(Kiziroglu et al.,2006). Hatta bazen tek bir alana
birka¢ koruma statiisi verilmistir. Bu koruma statulerinin bir kismi ulusal mevzuata gére ilan edilirken,
bir kismi da uluslararasi sozlesmelere dayanarak olusturulmustur. Ancak tim bu statileri
uygulayabilmek igin kisith olanaklar bulunmaktadir ve bu nedenle alanlar etkili bir sekilde
yonetilememektedir. ideal kosullar altinda, Tirkiye Cumbhuriyeti'nin korunan alanlar agini gdzden

93



3. RUMELi SURDURULEBILIR GEVRE iCiN ENERJi VE TASARIM SEMPOZYUMU

3rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
2-3 Subat 2023 / February 2-3, 2023

Silivri, ISTANBUL

gecirerek uluslararasi 6neme sahip oldugu kanitlanmis tim biyolojik gesitlilik alanlarina (kus, bitki,
denizkaplumbagdasi ve Akdeniz foku alanlari ile diger tirler icin dnemli oldugdu bilinen alanlar) uygun bir
koruma statisi vermesi ve bu bdlgelerdeki kaynaklari dogal yapiya zarar vermeden kullanmanin
yollarini aramasi gerekiyor. Turkiye'de 165 o6nemli kus alani, 122 o6nemli bitki alani, 17
denizkaplumbagasi tGreme alani ve 35 6nemli Akdeniz foku alani tanimlanmis durumdadir. Bu 6énemli
biyolojik gesitlilik alanlari, Turkiye'nin hemen her yerine dagilmis ve birbirleriyle énemli délgide ig ice
girmistir(Harita 1). Ulusal Sulak Alan Komisyonu 41 alani, korunan sulak alan bdlgesi olarak ilan
etm|§t|r (Merig et al. 2013, s. 92).

: . -‘( Onemli Biyolojik Cesithllk Alanlar \
"J’m ‘
N e |
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Harita 1. Onemli koruma ve biyolojik gesitlilik alanlari

BIYOGESITLILIGIN EN YOGUN YASANDIGI EKOSISTEMLER

Koruma alanlarinda yasayan ve kullananlar éncelikli oimak tizere, hedef gruplara yonelik biling
artinmi calismalari yapilmalidir. ilkégretim ile yiiksek 6grenimde biyolojik gesitlilik alaninda egitim
programlari olusturulmalidir. Yaygin egitim kapsaminda basta ilgili bakanlklar olmak Uzere, yetkili
kuruluslarla yakin isbirligine girilmesinin  katkisi kalici olacaktir. Bdylece toplumun tim katmanlari
biyolojik c¢esitlilik ve c¢evre korumasi ile ilgili bilinglendirilmis olur. Biyogesitlilige en yogun olarak
asagidaki ekosistemlerde rastlanir:

1-Step Ve Bozkir Alan Ekosistemi

Anadolu’nun genel biyolojik resmi ¢izildiginde en énemli yeri stepine alanlarin aldigi goérulur.
Bu alanlardaki ¢alismalarin azhd ise oldukga UGzlici bir durumdur. Oysa step alanlarda belki de
Tarkiye'nin en édnemli biyolojik potansiyeli sakhidir. Buralar tarim orman alanlarinin i¢ iceligi nedeniyle
entansif bir ayinmin ¢ok zor oldugu; ancak mutlaka bu ayirimin yapilmasi gereken mera alanlaridir.
Meralik bdlgeler nufus artiginin da verdigi zorlama ile tarim arazisine déndsturtlmustir. Bu alanlardaki
insan faaliyetleri, bu genetik potansiyelin yok olmasina yol agabilir. Buralardaki en 6nemli tehdit,
toprag tutan geven gibi bitkilerin séklimesi ve bdylece topragin akarak erozyon tehdidinin aktif hale
gecmesi ve kontrolstiz otlatma nedeniyle toprak kalitesinin bozulup verimsizlesmesidir.

2-Orman Ekosistemi

Akdeniz Bolgesinin karakteristigini yansitan makilik orman alanlari igerisine yayilmis mese, kara
ve kizil cam ekosistemleri biyolojik gesitliligin ortaya ¢ikmasina olanak verir. Orman ekosistemlerinin
yersiz ve anlamsiz gerekgelerle yok edilmesi, 6nemli bir gevre sorunu olarak tim insanhgi ilgilendirir.
Doganin akcigerleri yerine gegen ve bizim karasal iklim kusagindaki ormanlarimiz basta olmak Uzere,
tropik ormanlar ve Amazon ormanlari Ulkemizde de oldugu gibi 6zellikle fosil yakit ve altin arama,
madencilik ve diger amagclarla yok edilmektedir (Kiziroglu 2019; Ensari et al.2021). Ayrica tropik
ormanlarda hayvan otlatmasi; soya fasulyesi tarimi ve palm yagi plantajlar ve diger zirai monokaultr
tarimi icin ormanhk araziler daraltimakta ve kesilmektedir. Bu gun yerkirenin yaklasik %30’unu
ormanlik alanlar olusturur. Son elli yilda, her yil 7.3 milyon hektar ormanlik alan elden ¢ikmistir. Bir
zamanlar tropik ormanlar, diinya orman varliginin % 15’ini olusturuyordu. Bu gin ise bu oran sadece
% 6-7 kadar olup, yaridan daha fazlasi tahrip olmus; ya kesilerek, ya da yakilarak yok edilmistir.

Bizdeki ormanlar, 6zellikle kiyi kesimleri, haziran ayiyla birlikte surekli yangin tehdidi altindadir.
Tirkiye orman varliginin % 56’ s1 (12.5 milyon hektar) yangina duyarl bélgelerdedir. Ormanlar sadece
biyolojik cesitliligin kaynagi degil; ayni zamanda havada bulunan COz’'in de kullanicisi olup, onun
atmosferde veya okyanuslarda birikmesini engelleyerek, bu gazin olumsuz etkilerini azaltmaktadir.
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Dunyanin en 6nemli sorunu betona dayandirilan ekonomik sistemlerin yayginlastiriimis olmasidir.
Beton demek, enerji kullanimi demektir. Bu da CO: uretimine yol agmaktadir. CO:z Uretmeden ener;ji
elde etmede bir segenek olarak sunulan nikleer enerjiden enerji temini projesi de tim diinyada,
cokmustiir. Ozellikle Cernobil ve en son Japonya'daki Fukijama niikleer kazalarinin, bu sektérden
mutlaka uzaklasilmasini insanlara 6gretmis olmasi gerekirken, hala Turkiye basta olmak Uzere, bu
yatirimlar surdidrilmektedir. Orman ve ormanlik alandan su anda ne geriye kalmigsa, bunun evrensel
ve yerel anlamda korunmasi gerekir. Ozellikle yangin; agma ve diger nedenlerden 6étiirli, ormanlik
vasfini kaybeden alanlarin, vakit geciriimeden bir ulusal plan ve proje dahilinde ivedilikle
agaclandiriimasi gerekir. Bu ise giicli bir devlet eli ile gergeklesebilir. Ozellikle tropik bélgelerde devlet
eliyle bu isi yapacak gucin sinirli oldugu bilinmektedir. Clinki buralarda yok edilen ormanlarin yerine
yenilerinin tesisi hem zaman alacak, hem de oldukga ylksek maliyete yol agacaktir (Zimmermann,
2016). Bunu Ustlenecek bir devlet yapisi da su anda oralarda pek var gérinmuyor.

Tarkiye ormanlarinin (22.3 milyon ha), yarisi degrade; yani bozuk orman niteligindedir. Kisi basina
disen orman varlii ise sadece 0.3 hektar ile Avrupa’daki en dugstk degerdir. Ormanhk alanlarin
bakim ve korunmasi diger canlilarla birlikte, insanimiza da yasamsal rekreatif olanaklar sunar. Oyle ki
her hektar ormanlik alaninin 168 kisiye rekreatif hizmet sundugunu bilmemiz gerekir. Bu nedenle,
tahrip edilen ormanlik alanlarin kesinlikle baska sektorlere kaydirilmasinin énine gegilmeli ve ivedilikle
yeniden bilingli adaclandirmalara 6nem verilmelidir.  Biyogesitlilige ev sahipligi yapan Turkiye
ormanlarinin bazi ézellikleri:

*Tarkiye yuzoélgiminidn 22,3 milyon hektarlik kismi orman rejimine(%26,2)

girmektedir.

*Bu alanin % 44’04 verimli(8,9milyon ha)(genel alana orani % 11,4) ve % 56’s1 (11,3

milyon ha) verimsizdir.

*Ormancilik sektérinun milli gelir icindeki payi sadece binde 17,5dir.

*Yurdumuz ormanlarinin % 55’i yaprakh, % 45'i ibreli aga¢ ormanidir (Kiziroglu,

2010).

*Tarkiye bakir orman varlidi itibariyle oldukg¢a zengindir.

*Qzellikle glineyde Akdeniz Bélgesi kiyi kesimi, kuzeyde Kastamonu ve Bolu

ormanlari biyolojik ¢esitliligin en dnemli yasama alanlarini olusturur.

*Genelde ¢am, sedir, gdknar, kayin, glirgen veya mese/kayin karigik orman

ekosistemleri ve zengin bitki topluluklar Turkiye'yi Avrupa’nin en zengin orman ekosistemlerini
barindiran Ulke konumuna sokar.

*Yine Anadolu ana karasindaki sidla (Fethiye, Kdycegdiz kismen Marmaris) ormanlari

belki de Avrupa kitasinda endemik bir bitki tirinun olusturdugu tek orman ekosistem zenginligidir.
*Akdeniz Bolgesinin karakteristigini yansitan makilik orman alanlari igerisine yayilimig

mese, kara ve kizil gam ekosistemleri biyolojik ¢esitliligin ortaya gikmasina olanak

vermektedir.

*Qysa Avrupa ulkelerinin gogundaki orman ekosistemleri tek diize (monoton) ve ayni

agac turtinden olugsmus (genellikle hizli baydyen ibreli tirleri) monokulturlerdir.

*Bu nedenle dzellikle Turkiye Biyolojik Cesitlilik Stratejileri belirlenirken orman

ekosistemlerine cok 6nem verilmesi gerekir.

*Ormanin bir¢ok islevi arasinda en énemlilerinden birisi de orman topraginin porlu

yapisi ve kok sistemi ile yagisi biriktirmesidir.

*Bu sekilde 1 m? orman topragi 200 litre su depolar

*Ormanlarimizdaki agag tahribatinin azalmasi demek, akarsularla denizlere gamur ve

toprak birikintisinin tagsinmamasi ve erozyonun énlenmesi ve bunun sonucu olarak biylk 6l¢iide su
baskinlarinin  énlenmesidir. Ormanlar 6zellikle yerlesim alanlarina yakin bdlgelerde Su Koruma
Bolgesi olarak da 6nem kazanir. Bu bdlgelerde filtrelenen su, igme suyu olarak kullanilir. Orman
olusturdugu buyuk yuzeyi ile zararl maddeleri ¢eker. Bu filtreleme ile ormandaki zararli madde
depolanmasi acgik araziye gore 20 kat daha fazladir. Bunlarin disinda ormanlarin sosyal igerikli islevi
de vardir. Bu baglamda her ha ormanlik alanin 168 kisiye rekreatif hizmet sundugu
belirlenmistir(Resim 1a ve b).

*Ormanlarin surdurdlebilir isletiimesi ile ormandan yararlanma, koruma ve dinlenme

islevlerinin blylk dlglide garanti altina alindigi gértsu yaygindir. Tarkiye’de de yukaridaki olcitlere
uygun ormancihgin yapilmasi Avrupa’ya uyum sirecinde blyik énem tasimaktadir. Ozellikle bu
hususta genglerin egitimi dnemlidir.

*Bu gercevede “Bilmobil”, yani hareketli “Orman Okullar1” veya okul i¢i ve okul digindaki
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“Kent Mduzelerindeki” bilgilendirmeler sayesinde, orman ekosistemi ile ilgili bilgi ve aydinlatici
belgelerle cevre bilincinin artiriimasi amag_lamr.

¢
gl
R

Resim 1a-b- Kiyl kesimi ve |(} b"IgéIerdei ormn

rllgln zengin b|yoge§itlilk 6elerine rastlanir.

3-Sulak Alan ve Akarsular

Sulak alanlar yeryizinin % 6-10'unu kapsar. Bu alanlarin dagilimi ise soyledir: %2 Goller; %
30 yagisa bagh turbalik batakliklar, % 26’s1 akifere(yeralti su kaynagi) bagl turbaliklar; % 20’si gesitli
batakliklar ve % 15’i tagkin ovalardan olusur (Meri¢ et al. 2013 b, s.111).

Tarkiye'de 400°UGn Gzerinde irili ufakl sulak alan bulunur. Bu alanlar Glke yuzélgiminin %
4,5ini (3,2 milyon ha) kaplar. Bu sulak alanlarin 68'’i A sinifi; 200’0 ise uluslar arasi 6neme sahiptir.
Hatta 14’0 Ramsar Sézlesmesi kapsamina alinmistir (Meri¢ et al.2013a;b). 26 nehir havzasini
kapsayan, 7 drenaj bolgesi bulunmaktadir. Ug ydonden denizle gevrili ve bir de igdenizi olan Anadolu
ana karasi, barindirdidi akarsu ve diger sulak alanlarla birlikte, gesitli canli gruplarina yasama olanag
sunmaktadir. Bu olgunun egitim sirecinde toplum katmanlarina 6gretilmesi, “CEVRE BILINGLI
TOPLUM” igin énemlidir. Orman ve Su Isleri bakanh@ tarafindan gesitli sulak alan havzalarinin
biyolojik gesitliligi ile ilgili projeler yurutilmustir. Ornek olarak Gediz Deltasr’'ni verebiliriz(GEDIZ
DELTASI, 2012).

Tam bu &zelliklere karsin, Turkiye’nin su kaynaklari her gecen giin azalmakta ve bu nedenle
yeni ydntemler, 6zellikle; damlama ydntemi kullanilarak, tarimsal alanlarda sulamaya gecilmesinin
6nemi, tim Ulkelerde oldugu gibi, Glkemiz icin de gecerlidir. Anadolu su butgesinin en verimli ve
optimal olarak kullaniimasi gerekir. Clinku kisi basina tiiketilen yillik su miktari sadece 1500-1700 litre
arasinda olan Tiirkiye'nin aslinda, isveg’le, burada 11 000 litredir, karsilastirildiginda, ne denli fakir bir
Ulke oldugu goérilecektir. Su kaynaklarinin azligi ve bundan dogacak sorunlar, su fakiri Glkelerin
oldugu gibi, diger Ulkeler i¢cin de son derece 6nemli bir gevresel sorundur (Kiziroglu, 2001:2007a ve
2007 b).

*Nehir havzasi ve drenaj bolgelerindeki ylzey akigi ¢ok dusuk olup, sadece 186 milyar m*® tur.
*Akiferlerdeki su rezervinin 94 milyar km?® oldugu varsayiimaktadir.

*Sulanabilir alan miktari ise 3, 9 milyon hektar olup, bunun 3,4 milyon ha’lik kismi yuzey, 0,4

milyon hektarlik kismi ise akiferlerden yararlanilarak sulanmaktadir.

*Damlama yOntemi ile sulamaya en kisa zamanda gegilip yayginlastirilmasi ve akiferlerden

sulamanin mutlaka sona erdiriimesi, su kaynaklarinin optimal ve verimli kullaniimasinin bir 6n
kosuludur.

*Palearktigin iki 6nemli kus gé¢ yolu Anadolu tzerinden gegcmektedir. Kuslarin bu gég

yolculuklari sirasinda irili ufakh birgok sulak alandan yararlandidi bilimsel bir gercektir. Gerek Kuzey
Dogu Anadolu Coruh Vadisi yirtici kus gé¢ yolu ve Istanbul Bogazi Leylek gé¢ yolu ve gerekse cephe
gbcu yapan gogmen kus turlerinin gog yolu Gzerindeki Anadolu su sistemleri, onlar igin yasamsal
6nem tasir.

*TUrkiye’nin sinir asan iki 6nemli akarsu sistemi olan Dicle ve Firat havzasi zengin bitki ve

hayvan tarleri barindirir.

*Ancak bu akarsularin gogunda, 6zellikle Karadeniz’e akanlarda kirlilik gok yuksek boyutta

olup, canli yasamina olanak veremeyecek dizeye gelmistir.

*Karadeniz’'e bosalan 54 akarsudaki kirlilik orani ¢ok yiksektir. Sulak alanlardaki
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cevresel sorunlar ve tir kaybina neden olan etmenleri asagidaki basliklar halinde vermek mimkundur.
*EnduUstriyel, evsel ve tarimsal kirlilik unsurlarinin sulak alanlara karigsmasi sonucu olusan

kirlilik;

*Sulama teknolojisinin en son yontemlere gore yapilamamasi ve su kaybinin biyuk olusu;

*Asiri otlatma ve sulak alanlardaki balik yetistiriciliginin yayginlasarak kontrolstiz yapilmasi;

*Ikinci konut ve turizm faaliyetlerinin yogunlasmasi sonucu sulak alan ekosistemlerinde yol

acllan bozulmalar.

*Sucul ekosistemlerdeki asiri kirlilik,

*AsIrl ve uygun olmayan balik avlanmasi

*Yasa disi avclilik,

*Yasama alanlarindaki tahribatlar,

*Asiri turizm ve turistik faaliyetler,

*Su rejimini degistirmeye yoénelik yapay mudahaleler. Buna en tipik 6rnek Sultanzaligr’nda

desarj kanallarinin désenmesi ile su rejimindeki degisimler sonucunda burada sayilari yizbinlere
ulasan flamingo nufusu ¢ok azalmistir (Resim 2; 3 a ve b).

Resim 2. a- Sultansazligi Doga Koruma Alani ilan edildikten sonra Ramsar Sdézlesmesi kapsamina
alinan ¢ok 6nemli bir sucul ekosistemdir ; Bélgedeki Flamingo nifusu tim dinya ndfusunun 1/7’sine
ulasabilmekte idi. b- Dalyan Cayi

09/22/2006 12:40 am

Resim 3.  a- Tirkiye'nin dnemli sulak ekosismlerinden &rnekler(soldaki resim: Iztuzu; sagdaki: b-
Finike Cennet Koyu).

KENT MUZELERININ iSLEVi

Tam toplum katmanlari agiklanan ekosistemlerdeki biyolojik ¢esitlilik ve gevre korumasi ile
ilgili bilinglendirilmelidir:

*Bdylece yaygin egitim ¢ercevesinde kent muzeciliginin en dnemli islevlerinden birisi yagsama
gegirilmis olur.

*KENT MUZELERI, CEVRE VE DOGAYI KORUMAYA yénelik TOPLUM BILINCI
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olugsturmada, énemli bir misyonu Ustlenir.

*Bu baglamda her ¢esit programi giindemine almali, konunun uzman ve toplum katmanlarini

bir araya getirmelidir.

Bunun i¢in, 6rneg@in asagidaki ana basliklarla ilgili konular islenerek toplumun gevre bilinci artirilabilir:
a-Atik Sorunu; Ulkemizde ve tim diinyada bilingsizce Uretilen (Tirkiye’de giinde 65 bin ton )

¢cop daglari:

*Sorunsalin insanog@lunu bir giin bogacagdi; dogaya birakilan atiklarin ¢ézinurliginin ¢ok yil

aldigi; 6rnegin bir sigara filtresinin 2; bira kutusunun 10-100; plastigin 1000 ve cam sisenin 4000 yilda
yikildigi ile ilgili ¢cevre bilincini artirici ve neden bu materyallerin dogaya atilmamasi gerektigi
islenmelidir.

*Yine dogaya atilan atiklarin % 60’nin boya ve boya urlnleri oldugu ve bunun olumsuz

taraflarinin neler oldugu irdelenmelidir.

b-Su Sorunu: Su kaynaklarinin sorumsuzca tiiketiimesinin sonuglari Gizerinde durulmalidir.

*Bu baglamda, dinya nufusunun % 40’inin yasadigi 80 llkede, su sikintisinin neden had

safhada oldugu;

a) 3,7 litre benzinin, 3 milyon litre icme suyunu kirlettigi;

b) Bir paket tereyadi tretimi igin 400 litre suya gereksinim duyuldugu;

c) Diinyadaki mevcut su varliginin, ancak %71’inin kullanilabilir oldugu;

¢) Su kaynaklarinin siratle tikendigi ; bu nedenle;

d) Dinyada her giin saglksiz suyu igmek zorunda kalan 25 000 kisinin 6ldagu, anlatiimalidir.
c-Hammadde olarak kagit: Kagit tuketiminin ¢ok ylUksek olmasi, 6rnedin insanlar arasindaki
gereksiz yazismadan yuz bin ailenin vazgegmesinin, 150 000 aga¢ demek oldugu ve yine bir buro
elemaninin yilda 81 kg kaliteli kagidi ¢ope attigi ve béylece orman hammaddesinin hizli tiketimine yol
actigi islenmelidir.

¢-Collesme: Son 3-4 yilda 24-25 milyon ha dogal alanin ¢ollestigini ve su anda diinya yizolgiminin
%6’sinin ¢ollesmis oldugunu ve %29-30'unun da ¢dllesme yolunda oldugu vurgulanmalidir.
d-Ormanlik alanlarin yok edilmesi: Her dakikada 14 ha yagmur ormaninin yok edildigi; ormanlarin
tahrip edilmemesi; bu nedenle yanginlara neden olunmamasi gerektigi islenmelidir.

e-Nifus artisi ve Cevre: Dinya nifusunun her giin 250 bin, her yil 93 milyon birey arttigini; eger
cevre bilingli davraniimazsa, bu artisa konu olanlarin da potansiyel birer cevre yok edici adayi
olacagini ve tim bunlara bilingsiz insanoglunun neden oldugunun 6gretilmesi gerekir. Bu baglamda,
cevreyi tahrip ederek, insanlara kendi sonunu hazirlama sdrecini hizlandirmamasi gerektigi
ogretilmelidir.

f-Biyolojik cesitlilik: Biyolojik cesitliligin 6nemini ortaya koyucu programlar yuratilmelidir.

g-Cevre kirlenmesi: Kirlenmenin ginin birinde bumerang gibi, insanoglunun sonunu hazirlayacagi
ile ilgili basit ve anlasilir programlarin, ézellikle geng kusaklara aktariminda KENT MUZELERININ
uygun yapilanma igine girmesi gerektigi bilinmelidir. Bu da, 6nce insanin, iginde yasadidi dogayi
kirleticilik geninden arindiriimasi sonucunda gerceklesebilir. Yani 6nce i¢ cevremizi taniyip hirs, istek
ve arzularimiza gem vurmayl 6grenmeliyiz. i¢ gevremizdeki yetkinlik ve uyum, dis gevremize,
cocuklarimiza ve torunlarimiza yansiyacak ve saglikli bir toplum olusacaktir. Bunun sadlanmasinda
kent miizeleri ve yaygin egitim merkezlerine dnemli gérevler diser(Kiziroglu 2011; Kiziroglu et al.,
2021).

TURKIYE’NIN BiYOLOJIK KAYNAKLARINI TEHDIT EDEN ETMENLER

Biyolojik Cesitlilik Buylk Tehdit Altinda(Kelaynak Tikendi)(Resim 6a):Bu glin var olan tirlerin
%20’si bu yy.yok olacaktir. Yogun ve boélgesel sinailesme ve sehirlesme;(Resim 4.a ve b)
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Resim 4. a- Ektigimizi bigiyoruz; kimi bolgeler kuraklik cekerken, diger bazi boélgeler su baskinlari ile
karsi karsiya kahyor. b-Sucul Ekosistemler kirlenerek bozuluyor

*Sulak alanlarin kurutulmasi;

*Turizm ve turistik faaliyetler, dogal alanlarin yogun bir sekilde kullanilmasina neden oluyor;

*Hava kirliligi, yillik dinya CO2 salim miktari 38 milyar ton (Resim 5.a ve b).

i S 08

Resim 5. a- CO2 ve sera gazi salimlari dogal yapiyi ¢ok olumsuz etkiliyor. b- Orman yangini ise
Ozellikle haziran-eylul dénemlerinde ¢ok artiyor. Turkiye'de 2021 yilinda 175 bin hektar orman alani
kil olmustur.

*Yol aginin geniglemesi-yeni yollarin plansiz-programsiz insasi;

*Dogal zenginliklerin yurt digina kagiriimasi;

*Bocek Sldurtculerin ve yabani ot dldurdculerinin yogun ve bilingsiz kullanimi;

*Yogun ve bilingsiz avlanma;

*Orman yanginlari : Kendi Akcigerini Hangerleyen Bagka Bir Canh Turu Var Mi?(Resim 5b)

En son populasyonu Birecik/Urfa’da kalmisti; yanhs tarim politikalari, kurutulan sulak alan ve yogun
pestisit kullanimi sonucunda (6zellikle DTT) dogal soyu 1988 yilinda tikenmistir(Resim 6 a ve b).

Resim 6.a-Kelaynak, Geronticus eremﬁg(htTp://tr.Wikipedia.orq/wiki/KeIavnak).b-KUcUk bir gay

TOPRAK EROZYONU
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Her yil on iki milyon hektarlik tarim arazisi bozulup degrade edilmekte, basta yagmur
ormanlari olmak Uzere ormanlik alanlar tahrip edilmektedir. Bir saniyede yagmur ormanlarindan, bir
futbol sahasi blyukligindeki alan bozulmaktadir. Buralar insanligin temel besin maddelerini
kazandigi tarim arazileridir. Avrupa Toprak Birosunun verdigi bilgiye goére her giin 1000 km?2 tarim
arazisi yok olmaktadir. Bunda yol yapimi, sehirlerdeki betonlasma ve endiistriyel alanlarin
genigletilmesinin roli bUyUktir. Ayrica kullanilan yogun kimyasallar toprak mikroorganizma
faunasini, yani diger bir ifade ile mikrokozmozu, tamamen tahrip ederek topragdi verimsizlestirmektedir
(Resim 7).

Dunya genelinde her yil 25 milyar ton verimli toprak, erozyon sonucu yok oluyor. Dinyada 2,7

milyar insan ¢éllesme tehdidi altinda. 2050’de bu sayinin dért milyara ulagsmasi bekleniyor. Tirkiye'de
¢ol yok; ancak 6zellikle Konya ve Igdir ile Guneydodu Anadolu Bdlgesi ¢dllesme tehlikesi altinda.
Yilda Turkiye'deki toprak kaybi 168 milyon tonu bulmaktadir. Avrupa ulkeleri arasinda kitasal dlgekte
kaydedilen toprak kaybi ise 300 milyon tondur. Bu da Turkiye’nin her yil tek basina neredeyse tim
Avrupa'da kaybedilen topragin tgcte ikisini kaybettigi anlamina geliyor.
Tarkiye’nin 77, 9 milyon ha olan toprak varliginin 26,3 milyon hektari tarim arazisi; 20.2 milyon hektari
ormanlik alandir. Yine toplam arazinin % 24,5'i I.+Il.+Ill. sinif topraklardan olusur; bu kaliteli ¢ sinif
toprak iginde tarim topraklarinin payi, % 90 olup, arazilerin % 60'inin ylksekligi 1000 metrenin
Uzerinde; % 62,5'inin edimi ise %15ten daha fazladir. Bu degerlere sahip olan Anadolu topragi, asiri
otlatma; monokultir tesisi; erozyon, asiri glibreleme ve asir kimyasal kullanimi; tarim ve vyesil
alanlarin degistiriimesi gibi daha birgok neden, toprak erozyonunu dogrudan veya dolayli olarak
tetikleyen etmenlerden bazilandir. Kuzey ve guneydeki siradaglar nedeniyle iklim ve arazinin
jeocografyasi arasinda siki bir bag vardir. Turkiye'nin farkli cografi boélgelerdeki iklim o6zellikleri
nedeniyle mikroklimatik alanlar olusmustur. Ulkemizdeki topraklarin % 7.22'sinde hafif, % 20.04'inde
orta, % 36.42'sinde siddetli, % 22.32'sinde ¢ok siddetli olmak (izere toplam % 83.20'sinde erozyon
yasanmaktadir (Balabanli et al.2005)(http://www.millidegerlerikorumavakfi.net).

Tarim sektértinin toplam istihdamdaki orani % 35.4 kadardir. Rasyonel tarimin yapildigi tlkelerde
tarimsal Gruinlerin % 60’1, Ulkemizde ise % 25-30’u gida sanayinde degerlendirilir. Collesme ve kuraklik
aynl zamanda, erozyon, toprak 6rtisunin yok olmasi, tarimsal Urin cesitlerinde dusls, biyolojik
cesitliligin yok olmasi gibi sonuglari da doguruyor(Koehler, 2008).

Tarkiye'de tarim arazilerindeki erozyonun Ulkeye maliyeti 6,7 milyar dolara ulasiyor. Turkiye'nin
su potansiyelinin ylzde 74’0 tarimda kullaniliyor. Azalan yagiglar ve asir kullanma nedeniyle Tuz
GO4li’'nln alani yuzde 50 kugulurken, Eregli Batakhidi, Bafa Golu ve Aksehir Golu yok olma tehlikesiyle
karsi karsiya bulunmaktadir. En blyik tath su rezerv alani olan Beysehir Goli’'nde ise derinlik 24
metreden 9 metreye kadar dismustar.

Su anda bir dizi toprak koruma ve yeniden eski haline déndirme teknolojileri gelistirilmistir.
Sirdurdlebilir tarim uygulamalari, Griin gesidi ve sirasina gore dizenlenmesi, ve teras g¢alismalarina
onem verme gibi énlemler, kisa vadeli ¢gézimlerdir. Ancak bu kisa sureli ¢dziimlerin genis zamana
yayginlastiriimasi da kaginilmaz gérinmektedir. Orman alanlarinin ¢ay ve findik ekim alanlarina
déndstirilmesine ek olarak plansiz yerlesim, toprak kayiplarina neden oluyor

Biyogcesitliligin karasal(terrestrik) alanlarda varligini sirdurebilmesi i¢in topradin korunmasi ve
erozyona yol agacak mudahalelerden mutlaka kac¢inilimasi gerekmektedir. CUnkl toprak sadece
biyogesitlilige yasama olanagi saglamaz, ayni zamanda asagidaki islevleri de yerine getirir;

Yasama alani iglevi: insan, bitki ve hayvan diinyasi biyolojik cesitlilik ve genetik cesitlilige
olanak verir.

Diizenleme islevi: Biyotik ve abiyotik madde degisiminin 6zellikle de organik ve zararl
maddelerin mikrobiyel yikimi, yeralti suyunun fiziksel ve kimyasal filtrelenmesi.

Tastyicilik iglevi: Toprak ekonomi, seyriisefer, dinlenme, yerlesim, besin saglama ve isleme,
emisyon ve atiklarin azaltilmasi igin birgok islevi yerine getirir.

Kiiltiirel islevler: insanlik tarih ve kiiltiiriiniin temelini olusturan bir yasam alanidir.

Ayrica tarihi gizleyen bir koruyucu isleve sahiptir(Goébekli tepe).

Uretim iglevi: Toprak, tarim, ormancilik igin siirekli biyolojik kitlenin yenilendigi

bahcecilikte ise insan icin yasamsal temelli hammadde Uretildigi bir ortamdir.

Topragin Ekosistem igindeki bu iglevlerine ilaveten, tiim organizmalarin yasadigi

yerkiirenin list yiizeyidir; dinyanin su ortisidur, dinyanin daghk ortisudir, dinyanin toprak
ortusudir.
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Kiresel anlamda gunimizde su anda 20 milyon kilometer karelik alan bozulmus; yani
degrade olmustur. Toprak Ayagimizin Altindan Kayiyor; Turkiye’de Erozyon Avrupa’dan 12, Afrika’dan
17 misli daha fazladir; Collesme, 110 llkeyi etkiliyor, bunun da 18’i gelismis Ulkedir.

Dunyada 250 milyondan fazla kisi ¢éllesmeden dogrudan etkilenirken, diinya dizeyinin Ugte
biri veya bir bagka deyisle 4 milyar donimi askin arazi ¢ollesme tehdidi altindadir. Buglin diinya
Uzerinde yaklasik 135 milyon kisi ¢ollesme nedeniyle gé¢ etme tehlikesi altindadir. Kuraklik ve
collesme, insan kaynakli iklim degisikligiyle birlikte, sonuglari agisindan giinimizde insanoglunun
karsi karsiya oldugu ve mutlaka ciddiye almasi gereken en onemli kiresel ve bolgesel cevre
konularindan biridir. Ulkemizde tarim alanlarinin yiizde 59'unda, orman alanlarinin yiizde 54’iinde ve
mera alanlarinin ylizde 64’lUnde aktif erozyon goérilmektedir. Her yil 182 milyon ton verimli Ust toprak
siurliklenerek akarsular tarafindan tasinmaktadir. Yurdumuzda, 6zellikle i¢ Anadolu’da, Konya ilinin
Karapinar dolaylarinda riizgar erozyonu meydana gelmektedir. Sularin sebep oldugu erozyon, bitin
Turkiye'de, 6zellikle daglik bolgelerde ortaya gikmaktadir. Devlet Su iglerinin yaptigi etiitlere gére,
Dicle, Firat, Seyhan, Ceyhan, Yesilirmak, Kiziirmak ve Sakarya nehirlerinin her yil surikleyip
denizlere gotirdigu humus topragdinin toplami 441 milyon tondur. Bu topragin yok olmasi sonucu, 45-
50 yil dnce bagdlik, bahcelik ve tarimsal verimi ¢cok yuksek olan araziler, simdi tamamen kira¢ topraklar
haline gelmigtir. Asirn su kullanimi, yanhs sulama yontemleri, orman alanlarinin yok edilmesi,
meralarin amag digi kullanimi, yok edilen sulak alanlar, su kaynaklarinin hizla kurumasi, yanlis tarim
politikalari sonucu ¢ollesme ve kuraklikla kargi kargiyayiz.

2030 yilinda yerkirede 3 milyar daha fazla insan yasayacaktir. Besin maddesi lretimi daha da
artirlmak zorundadir. Tarim igin ayrilan alanin sinirli olmasina ragmen insanoglunun daha fazla
besine ihtiyaci olacaktir. Bu ylzden de tarimsal alanlar kisi basina 0,85 hektardan 0,4 hektara
disecektir. Degrade olan toprak parcasinin verimi her gegen giin disecektir. Kurak bolgelerde ve
duyarli ekosistemlerde yaklasik bir milyar insan yasamaktadir. Topragin bozulmasinin sirmesi bu
bélgelerde her yil 45-50 milyar dolarlik kayba yol agacaktir. Orman tahribi degradasyonun en énemli
nedenidir. Bitki 6rtistinun olmadigi bolgeler, Ust topragdin yagmur ve ruzgarla erozyona ugramasi
kacinilmaz olacaktir. Su erozyonu ile degerli toprak denizlere taginacaktir. Su erozyonu ve tuzlanma
su anda bir milyar hektar araziyi etkilemistir. Bu da arid boélgenin yarisina denk diser. Ruzgar
erozyonuna maruz kalan alan ise 550 milyon hektardir. EGer her yil, hektarda bir santimlik toprak
parcas! erozyona ugrayacak olursa, bu 100-150 tonluk degerli topraga esdegerdir. Oyle ki toplam
arazi varligimiz géz 6nune alindiginda, %62’inde egim dikligi %12’den; %48’inde ise %20'den daha
fazladir. Buna karsilik %2-20 egime sahip arazilerimizin miktari ise ancak 29,7 milyon ha'dir. Bu
nedenle, etkili toprak derinliklerine bakildiginda, arazilerimizin %37,2’sinin iglemeli tarima uygun
oldugu gorulir. Bu yil(2023) su varligimizin 112 milyar metrekipin tamami kullanilacak ve yuksek
dizeyde su stresi yasanacaktir ongorileri, gelinen 2023 Ocak aylr sonuna dogru, ne yazik ki
gerceklesiyor gibi. Bu durum da yilin diger dénemlerinde bir su krizi ile karsilanabilecegi anlamina
gelmektedir. Yani her damla yagmur suyuna ihtiyacimiz olacaktir.

Anadolu’da erozyonun biyogestililik Gzerindeki olumsuz etkisi ¢ok blyuktir. Tim anilan etmenlerden
biyogesitliligin korunmasi igcin bazi énlemlerin yasama geciriimesi kaginilmazdir. Clinki biyogesitliligin
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korunmasi, ulusal oldugu kadar, evrensel boyut ve 6nemde olan bir gérevdir. Asagida korunma altina
alinan birgok bitki ve hayvan turinidn resmi gorulmektedir (bkz. Resim 8-18).

— e
Resim 8. Sevgi ¢gicegdi (Centaurea tchihatcheffii)( http://www.akdeniz.edu.tr/muhfak/cevre/coastlearn-
r/bio/boxes/losshabi.htm) ve Ters lale (Fritillaria imperialis)
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’ v A AR
Resim 10. Turuncu kelebek, Lycaena dispar(http://www.schmetterling-raupe.de/art/dispar.htm

4 - .

Resim 12. Deniz kaplumbaaS| , B Carett ’ T etta
(http://lwww.yenisafak.com.tr/aktuel/?t=11.11.2007&c=5&i=51901)
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Akdeniz foku kiresel dlgekte nesli gok buyuk tehlike altinda olan 12 tirden biridir(IUCN, 2006)
. Turkiye’de yasayan Akdeniz fokunun korunmasi ile ilgili “Fo¢a ve Yalikavak Pilot Projesi’"COB
koordinasyonunda surduralmustir.

- - - ¥ ; = -
Resim 13.a-Anadolu leopari (Panthera pardustulliana)
(http://www.tabut.net/index.php?showtopic=48401)
b-Akdeniz foku : Monachus monachus(http://tr.wikipedia.org/wiki/Akdeniz_foku)

Urfa’da yasayan yabani ceylan koruma altina alinmis ve giinimuzdeki sayisi 200 bireye ulasmistir.

Resim 14a-Ceylan;Gazella gazelle b-Dikkuyruk; Oxyura leococephalus
(http://www.dogadernegi.org/dogabulten/index.php?sayfa=ceylan

ﬁésim 15 aQS

s b ® . B i y )
ahin, Buteo buteo b-Iskender papagani, Psittacula
eupatria
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Resim 16 a-Kara leylek, Ciconia nigra b- Akpelikan, Pelecanus onocrotalus

Resim 17 a-Kara gaylak, Milvus migrans b-Yilan kartali, Circaetus gallicus

Resim 18. a-Buyuk orman kartali, Aquila aquila b- Angit, Tadorna ferruginea
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HAVA KIRLILIGi VE IKLIM DEGISIKLIGI

Sanayi devrimine gegis slireci, on sekizinci ylzyilin ortalarina dogru baglamistir. Daha sonra
da cesitli gelisim doénemleri, érnegin endustri; enerji; nanoteknoloji; yazilim; bilgiislem ve robotik
devrim sireci gibi dénemler birbirini izlemigtir. Anilan ve benzer dénem, devrim ve gelisim
basamaklarinda insanoglu havaya, sirekli karbondioksit(CO2) ve sera gazlarini(karbon monoksit,
metan azot monoksit, nitroz oksit, hidrofloriir ve perfloro karbonlar, siilfirhekza florid, ozon) salmistir.
CO2 salinimi ile endustrilesme sureci, atbasi giden ve birbirini tetikleyen asamalardir. Eger gesitli
sanayi kollarinca Uretilen CO:2 kontrolli ve 8lgulu olarak salinir, dogal sirkilasyon bozulmazsa; bu gaz
bitkiler tarafindan asimilasyonda kullanildigi igin, zarar vermeden tuketilebilir. Kémdr gibi fosil yakit
kaynaklari, termik santraller, tarrm ve endustriyel kaynakl etkinlikler nedeniyle, havadaki CO:
yogunlugu 280 ppm’den, guniumizde neredeyse iki misli artarak 400 ppm sinirina dayanmistir. Bu
artisin da gesitli olumsuz etkileri olmus ve 6zellikle iklim degisikliginin ¢ok hizli bir tarzda olumsuz
sekilde ortaya cikmasina yol agmistir. Endustriyel kalkinmanin sinirsiz CO2 salimi ile paralelik
gosterdigi gergeginin nihayet, kiresel dlgekte anlasiimasi ile Kyoto Protokoll ve Antlasmasi 11 Aralik
1997’de imzalanmistir (Kiziroglu et al. 2021). Diinya iklimini koruyucu amag tasiyan bu protokol, 2005
yilinda yirdrlige girmis ve 2011 Aralik ayinda 191 (lke taraf olmustur. En fazla sera gazi ve COz'i
ureten Amerika Birlesik Devletleri Kyoto Protokollini, 2001 yilinda protesto etmis ve sonugta
reddetmistir. Kanada ise protokolii 6nce imzalamis; ancak bir hafta sonra, imzasini geri ¢ekmistir.
imzaci Ulkeler, iklim degisikliginin en énemli etken maddesi olan adi gecen gazlarin miktarini 2008-
2012 zorunlu indirim doéneminde %5.2 azaltarak 1990 yili dizeyine ¢ekmeyi kabul etmiglerdir.
Sdzlesme taraflarn ikinci bir zorunlu dénem olarak kabul ettikleri 2013-2020 periyodunda da indirime
gideceklerini kayit altina almiglardir. Bu dénemde ise sOzlesme taraflarindan sadece 144 llke
s6zlesmeye sadik kalmistir. 20 Nisan 2020”ye kadar ikinci Kyoto Protokoliine uyan Ulke sayisi 136’ya
inmistir. Bu Ulkeler 2020 yilindan sonraki siirecin nasil isleyecedi ile ilgili olan Paris antlagsmasini da
imzalamiglar, bdylece sera gazlari ve COz salimini kontrol altina almayi taahhit etmislerdir. ABD,
Kanada ve Avusturalya, Birlesmis Milletlerin iklim sdzlesmesini imzalamamakla, dinya iklimini
bozmay surdureceklerini de kabul etmiglerdir. Turkiye Kyoto Antlasmasina 2009 yilinda imzalamistir.
Sdzlesmelere taraf olan Ulkeler, ne yazik ki hala egoistligini sirdiren ABD’nin etkisi altinda olup,
kuresel hava sicakhiginin artmasinin durdurulmasinda, yeterince aktif degiller. Bu nedenle de klresel
sicaklik, arttikga artiyor. Sadece yerkurede degil, ayni zamanda okyanuslarin da sicakhdi her gegen
glin yukseliyor. Paris Antlagsmasinda yerkiredeki sicaklik artigsinin 2 hatta 1,5°C ile sinirlandiriimasi
hedeflenmistir. Ancak 2015 yilindaki Paris Protokolliinden sonra gegen 5 yillik slregte, taraf olan hig
bir Glke milli iklim ve CO2 salimini indirgemek igin verdigi s6zde duramamistir. Clnkl fosil kaynak
rezervlerini elinde bulunduran Suudi Arabistan, ABD, Rusya ve Avusturalya, alinmasi distnilen her
turlG dnlemi bloke etmeyi, g6z gore gore sirdirmektedir. Diinya saglik kurulugsu (WHO) 6rnegin, 2012
yilindaki her dokuz élimden birinin, havaya verilen ve kanseri tetikleyen bu gaz ve diger zehirlerden
kaynaklandigini agiklamistir. TUm bu olumsuzluklarin engellenmesi icin bazi énlemlerin de alinmasi
gerekmektedir: Ornegin toplu tasima yayginlastiriimali; yiiksek enerji sarfiyatli eski teknolojiler devre
digi birakilmalr; atiksu aritilip kullanima sunulmali; mevcut santrallerde elektro filtreler zorunlu hale
getiriimeli ve kisa sureli denetimler uygulanmali; solar enerjinin yayginlastiriimasindaki mevcut
engellemeler kaldirimali; vahgi ¢6p depolama yerine, ayristirilmis ¢ép uygulamalari gelistirilerek, geri
kazanima énem verilmeli ve mevcut tesislerden elektrik enerjisi saglanmali; yalitimli ekolojik eviere
agirlik verilmeli. Ayrica, fosil kaynakh yakitlar yerine, yenilenebilir enerji teknolojilerinin suratle
gelistirilerek devreye sokulmasi kaginilmazdir. Ozellikle dogadaki temiz enerji kaynaklari siratle
devreye sokulmali ve bu amacla yeni gelismelere yatirrm yapilmahldir. Bunlarin kisa, orta ve uzun
vadeli planlamalarla gergeklestirme yoluna gidilmelidir. Dogada tim insanhdin gereksinimini
karsilayacak miktarda temiz enerji bulunmaktadir. Yeter ki bunun elde edilmesi igin, yeni teknolojilere
yatirim yapilmasini engelleyen kartellerin bu isten ellerini cekmeleri ve butinlesik bir dinya gérisu ile
hareket etmeleri saglansin.

Yenilenebilir enerjideki en son gelismis teknoloji ve bu kaynaklarin surdurulebilirliginin
saglanmasi gerekir. Uygun doénemlerde Uretilen enerjinin, depolanma yontemleri gelistiriimelidir.
Bunun i¢in yapilacak yatirimlar, ilk planda yuksek gibi gérinse de, uzun vadede hammaddesi bedava
olan bu kaynaklardan elde edilecek enerjinin kullanimi, ¢ok disik maliyetli olacaktir. Rizgar
yogunlugu, ylksek olan alanlarimiz sinirlidir. Bunlari eski teknolojilere kurban etmeden, cesitli
sinirlamalarla gelismis teknoloji kullaniimasinin saglanmasi igin, Universite ve teknoloji enstitllerince
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ivedilikle yatinmlara gecilmelidir (Kiziroglu 2019). Ornegin RES teknolojileri gelistirilmeli ve tek bir
rizgar gulindn kapasitesi en az 7 Megawatt olmali, ondan sonra buna uygun RES-Ciftlikleri
kurulmahdir. Bunlar da kurulurken CED stureci mutlaka izlenmelidir (Kiziroglu, 2014 ve Kiziroglu et
al.2015). Ug tarafi denizlerle gevrili olan lilkemizde, off shore alanlar belirlenmeli ve denizel riizgar
enerjisi potansiyelinden yararlaniimalidir. Solar enerji teknolojisinin gelismesi ve yayginlastiriimasi
gerekmektedir.

YOGUN NUFUS ARTISI

Dunya nufusu alabildigince artmaktadir. Yirminci yuzyihin baginda 1,5 milyar olan dinya
ndfusu bu gin 7.5 milyar sininni agsmistir. 2050 yilina kadar bu oOlgekte nifus artisi sirerse, dinya
nidfusunun on milyari asmasi beklenmelidir. Mevcut nifusun da yaklasik doért milyari sehirlerde
yasamaktadir. En kolay yoldan bu insanlara is ve meslek saglanmasi gerekir. Bunun igin de gelismis
ve gelismekte olan toplumlar, sehirleri betonlastirip, onlara insaat sektdriinde galisma olanagi sunarak
karsilamakta ve bu insanlarin Uretici islevlerini yok etmektedir. Clinki bu yolla insanlari is ve meslek
sahibi yapmak en ucuz ve en kolay olandir. Ancak bu silrecin de sonu gelmis ve sehirler mevcut
betonluk yapilara doymustur. O halde sehirlerde iskan edilmis bu insanlar neyle yasamini
surdirecektir? En 6nemli sosyal sorun da burada yatmaktadir. Bu sorunun ¢éziimiine yanit ararken de
her seyin azalip, daraldi§i gorilecektir. Artan kiresel diinya nifusu, bu artisi dogal varlik ve
rezervlerin azalmasi ile 6demek zorunda kalacaktir. Her toplum, iyi beslenmek, saglik hizmetlerinden
en iyi yollardan yararlanmak ve kafasini sokacak bir barinak istemektedir. Basta aileler ve tim
sorumlular, dogum kontroliine dikkat etmelidir. Bu dnemli sorunu ciddi bir sekilde ele almalari gerekir.
Aile planlamasi ve bu konudaki egitimler dnemlidir.

BIYOGESITLILIGIN KORUNMASI

Koruma altindaki alanlar disindaki biyolojik ¢esitliligin korunmasina yénelik, yasal

diizenlemeler yapiimalidir. Ornegin

a) Toprak; Doga Koruma ve Biyoguvenlik Yasasi c¢ikariimali ve Ulusal Biyoguvenlik Kurulu
kurulmalidir.

b) Batakliklari Kurutma Yasasi kaldirilmal ve uygulamalar ivedilikle durdurulmali; bu konuda higbir
resmi kurumun biltcesine para ayrilmamasi saglanmalidir. Gerekirse sulak alan ve bataklik
kurutulmasi anayasal olarak yasaklanmalidir.

c¢) Biyolojik cgesitliligin korunmasi ve surdirulebilir kullanimi, ulusal diizeyde buitin sektorel plan ve
programlarla buttnlestiriimelidir.

d) Biyolojik cesitliligi tehdit eden faktdrlerden genetik yapisi degistirilen organizmalar (GDO) ile
yabanci turlere ydnelik tlke politikalari belirlenmelidir.

e) Ekoturizm desteklenmelidir.

f) Sanayide temiz teknoloji desteklenmeli, c¢evre korumaya yonelik &nlemler icin sanayi
6zendirilmelidir.

g)Sivil Toplum Kuruluslari (NGO)ile isbirligi alanlari gelistirimeli ve KENT MUZELERININ bu konudaki
islevleri genisletiimelidir.

h) CED (Cevresel Etki Degerlendirmesi) sirecinde biyolojik cesitliligin kaybinin 6nlenmesi ilkesine
oncelik verilmeli; Stratejik CED sireci yasallastirilarak uygulamaya konmalidir.

i) Organik tarim uygulamalari yayginlastirilarak korunmali ve desteklenmelidir.

k) Bozkir ekosistemleri korunmalidir.

[) Zarar gérmus/bozulmus ekosistemlerin restorasyonu ve geri kazanimi icin kaynak temini, planlama
ve uygulama caligmalari yapiimalidir.

TUm bunlara ek olarak, Turkiye biyocesitliligi icin yasamsal 6nemde olan asagidaki

bazi secilmis konularla ilgili olarak yaygin egitim cercevesinde eger varsa, Kent Miizelerinin gbrev
Ustlenmesi 6nerilebilir (Kiziroglu, 2011; Kiziroglu et al. 2021:

*Milli Agaclandirma ve Erozyonla Miicadele Yasasi uygulanmalidir.

*Orman alanlarinda 2b-uygulamasina son verilmelidir.

*Turizmi Tesvik Kanunu’nda ekosistemlerin surdurdlebilirligini dikkate almayan,

kiyi-orman alanlarinin  kullanimiyla ilgili maddeler surdurilebilir kalkinma ve biyolojik c¢esitliligin
korunmasi ilkeleri gdz 6ninde bulundurularak degistiriimelidir.
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*Biyolojik ¢esitliligi korumanin ilk adimi korunacak alanlari belirlemektir...

Bu gercevede, Turkiye'nin

» dnemli kus alanlari,

» onemli bitki alanlari,

» denizkaplumbagasi dreme alanlari ve

> onemli Akdeniz foku alanlari belirlendi.
Bu ¢alismalar sonucunda uretilen haritalar, Turkiye'nin hemen her yerine dagilmis ¢gok
sayida 6nemli biyolojik gesitlilik alani oldugunu kanitlar.

» Dogal sit alanlari Turkiye'deki dnemli biyolojik gesitlilik alanlarini en etkili sekilde
kapsayan koruma statiistdur. Tarkiye'deki diger alan koruma statdleri

» tabiati koruma alani,

» milli park,

» tabiat parki,

» Ozel gevre koruma alani ve

» Ramsar alani gibi dliizenlemeler ne yazik ki ¢ok kisitl bir alani kapliyor.

EGITiM SURECINDE DOGA KORUMA BILINCi VE GEVRE EGITIMI

*Cevre Egitimi", insanin gevresi ile iliskilerini 6gretmede etkili ve kalici bir
yaklasimdir.
*Insanin gevresini ve gevresinin de onu nasil etkiledigi egitimin baslica konusudur.
Gelismekte olan Ulkeler kategorisinde yer alan ulkemizin, sahip oldugu biyolojik zenginligini
kaybetmeden, gelisimine devam etmesi icin toplumun ve &grencilerin doga koruma bilincini
gelistirecek sekilde egitiimesi, 6zellikle gelecek kusaklar igin, ¢ok blylk 6énem tasir. Cevre Egitimi,
dinyadaki butiin sosyal, bilimsel, kulttrel, ekonomik vb. konularda, disiplinler arasi bir yaklagimi
sergiler. Yasam kalitesini artiracak, onu koruyacak ve gelistirecek akilci bir yaklasimi isler ve yasama
gecirir (De Haan et al. 1997; 2000; Kiziroglu, 2000).
*Biyolojik gesitlilikle ilgili s6zlesmelerin hedeflerine ulasabilmesi, cevre ve dodaya
6zgu aktif korumaciligin, toplumsal kabul gérmesi ile mimkin olur. Buna ulagsmanin yolu da cevre
egitiminden gecer. Cevre Egitimi asagida verilen kapsamlarda gerceklestirilir:
a)Orgiin Egitim;
b)Yaygin Egitim;
c) Kitle Egitimi;
d) Kitle iletisim kaynaklari ile egitim
e) Universitede egitim.
*Bu egitim slirecindeki ders veya derslerin sinif gegmeyi etkilememesine ¢alisiimali ve
bu dersler notsuz olmalidir. Bdylece not alma stresi ile konunun éneminin ikinci plana itiimesi
onlenmelidir. Cevre egitimine ydnelik ¢ yaklasimdan séz edilir. Bunlar;
a) Cevre ydnetimi ve kontrolu i¢in egitim;
b) Cevre bilinci ve yorumu icin egitim;
c) Surdurdlebilirlik icin egitim.
Her U¢ yaklasima en buyuk katki, érgin egitim yaninda, yaygin egitimle ve dolayisi ile Kent
Miizelerinin bu konudaki yapilanma ve drgutlenmeleri ile saglanacaktir.
*Okul disi mekanlarda, 6r. Kent Miizelerinde, cocuk ve genclerle gevre egitimsel
calismalar gerceklestiriimelidir.
*Doga koruma ve gevre egitimi konularinda gesitli meslek gruplari egitilmeli ve
hizmet ici eg@itim surecinden gecirilmeli veya bir Ust egitime tabi tutulmaldir. Cevre ve doga korumayla
ilgili sorunlar hakkinda halka bilgi verilmeli; danisma ve agiklama yapma olanagi saglanmalidir. Bu
konuda Uuniversiteler, orta 6gretim kurumlari, yerel yonetimler, Kent Miizeleri ve ilgili bakanliklar
isbirligi yapmali; ayni zamanda sivil toplum oérgiitlerinin de devreye girmesi saglanmalidir. Ozellikle
orman ekosistemine ydnelik “Cevre Egitimi”, yani “Orman Pedagojisi”’ Milli Egitim(MEB) ve Tarim-
Orman Bakanliklarinin(TOB) musterek ¢calismalari ile yayginlastiriimahdir.

Kent Muzelerinde Yaparak-yasayarak ogrenme”(Audio-visuel) temelli editime katki asagidaki
yollarla saglanabilir: Bunun igin
a-Konuyla ilgili yazi kaleme alma: sarki, film, hikaye yazma vs...
b-Poster hazirlama;
c-Model yapimi;
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d- Dramatizasyon;

e-Oyunlar;

f-Arastirma Odevleri gibi eylemler gerceklestirimelidir.

*Bunlarin yaninda kent muizelerinin dnemli islevlerinden birisinin, yasamda cesitlilik

bulundugu ve bu nedenle biyolojik formlarin korunmasi gerektigini 6gretici bir yapilanmaya
kavusturulmasidir. insan eylem ve davranislari, iretim, tiikketim ve faaliyetlerinin, onun kiiltir ve
degerlerine gore degistigini, ancak sonugta gevre sorunlarinin bu eylemlere bagh olarak olustugunun
GORSEL ve ANLASILIR bir sekilde ele alinmasi KENT MUZELERININ en 6nemli hedeflerinden birisi
olmalidir(Kiziroglu, 2011; Kiziroglu et al. 2021).

SONUG

Nufus artisinin frenlenerek, dogal kaynaklarin sonu gelmeden, tim insanhgdin dengeli

bir sekilde kullanmasinin saglanmasi, en temel insanhk gdrevi olmasi gerekirken; son iki yilda, tim
dinyayi saran ve sarsan Korona-virlisii olayi, insanlarin asgari mustereklerde bile birbirine yardim
etmedikleri gergegini gozler 6niine sermistir. Bu nedenle “-gemisini kurtaran kaptan”, 6zdeyisinin bir
an 6nce degismesi ve o gemide hepimize yer olmasi gergeginin, dinyayi yonettigini sananlarca, iyi
algilanmasi ve ona godre stratejiler gelistirmeleri gerekmektedir. Ana sorun; insan tiiriinin (homo s.
sapiens), insanlardan nasil korunabilecegi sorunsalinda yatmaktadir: Bu sorunsal ortadan kaldirilabilir
mi? Eger ¢dziimlenebilirse,

A) insan/dogal gevre iligkileri diizene girebilir;

B) Cevre kirlenmesi 6nlenebilir.

C) Toplumsal,

D) Siyasal,

E) Kiiltrel,

F) Dusunsel,

G) Ekonomik ve

H) Bilingli olarak dogday! kirletmenin engellenmesi saglanabilir

Bu da, 6nce insanin, icinde yasadidi dogay: kirleticilik geninden arindiriimasi

sonucunda gerceklesebilir. Yani 6nce i¢ ¢cevremizi taniyip hirs, istek ve arzularimiza gem vurmayi
dgrenmeliyiz. i¢ gevremizdeki yetkinlik ve uyum, dis cevremize, cocuklarimiza ve torunlarimiza
yansiyacak ve saglklh bir toplum olusacaktir.
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OzZET

Tasimacilik sektériinde yer alan lojistik firmalarinin en temel ihtiyaglarindan biri de yik tasima
araglarinin maliyetlerini diisirmektir. Ozellikle yeni bir ara¢g alimi veya ara¢ filosunun tamamen
yenilenmesi s6z konusu oldugunda, ilgili sirket karar vericilerinin en uygun araci segmek igin mikemmel
bir karar vermesi gerekir. Farkl karar algoritmalari denenmeli ve ilgili calismalar karsilastiriimalidir. Bu
¢alisma, bir firmanin ara¢ filosuna katmak istedigi yeni yuk araci alim surecini degerlendirmek igin
gerekli olan sec¢im kriterlerini ve bu kriterlerin 5nem agirliklarini belirlemeyi amaglamaktadir. Esnek karar
verme algoritmalari, agir ticari ara¢ seciminde 20 kriterin agirhklarini belirlemigtir. Araglarin siralamasi
esnek karar verme yontemi kullanilarak yapilmistir. Modele uygun en iyi arag¢ segimi modellenmistir.

Anahtar Kelime: Esnek kiimeler, Esnek karar verme, fpfs-matrisler, Tedarik¢i segimi, Arag segimi
1. Giris

Uriinlerin nakliyesi maliyet giderlerinin blylk bir bélimini olusturmaktadir. Lojistik, misterilerin
ihtiyaclarini kargilarken, Ureticiden son tiketiciye kadar her turli triin ve hizmeti etkin ve verimli bir
sekilde tasimak, depolamak, kontrol etmek ve planlamaktan ibarettir. Firmanin karini maksimize
edebilmesi, yeni musteriler kazanabilmesi, mevcut musterilerini kaybetmemesi ve prestijini
koruyabilmesi i¢in, Urlinlerin istenilen yer ve zamanda, maliyet ve kalite odakli olarak hazirlanmasi, esas
olarak uygun agir ticari araglarla kendi arag filosunu olusturmasina baghdir.

Bu sorunlarin genel motivasyonu, ara¢ alimlarinda genellikle fiyat gibi tek bir faktériin dikkate alinmasi
ve sureclerin tam olarak ele alinmamasi dolayisiyla yanhs aracin secilmesidir. Dolayisiyla rekabet glicu
azalir ve isveren icin bir maliyet olusturur. Karar vericiler bu kararlari alirken dogru ve saglikl
degerlendirme sureglerine ihtiya¢ duyarlar. Boylece nitel ve nicel faktorleri degerlendirebilen ¢oklu karar
verme yontemleri uygulanmaktadir. Literatlirde birgok karar verme ydntemi mevcuttur ve bu ¢alismada
esnek karar verme (SDM) yontemlerinden yararlaniimigtir.

Calismanin geri kalani su sekilde diizenlenmistir: Bolim 2, ¢ok kriterli karar verme yaklasimlari igin arag
secimine iliskin kisa bir literatir taramasi sunar. Bolim 3, fpfs-matrisleri kavramini ve fpfs-matrislerine
dayali bes SDM yontemini verir. Bolim 4, bes SDM ydntemini ticari arag segim problemine uygular. Son
olarak, ara¢ segimi ve SDM yontemleri ile ilgili nihai agiklamalar ve tartisma saglanmaktadir.
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2. ilgili Galigmalar

Bircok lojistik firmasi ticari ara¢ segiminde c¢ok kriterli karar verme yontemlerini kullanmistir. Ancak
ulasim sec¢im problemleri de bu kavramla ele alinmaktadir. Bu dogrultuda yapilan gincel ¢aligmalar su
sekildedir:

[1]'de otomobil segim probleminde Analitik Hiyerarsi Prosesi (AHP) ve hedef programlama ydntemleri
kullanilarak érnek bir karar destek modeli sunulmustur. [2]’de en iyi araba segimi problemi igin gok kriterli
bulanik PROMETHEE ydntemi kullanilmigtir. Ayrica yedi araba modeli de kriterlere gore
degerlendirilmigtir. [3]'te tiketicilerin arag¢ satin alirken karsilastiklari sorunlari azaltmak igin ¢ok kriterli
bir ara¢ secim modeli gelisgtiriimistir. Bu galismada arag¢ satin alinirken kullanilan kriterler su sekilde
belirlenmistir: fiyat, motor gici, konfor, yakit tiketimi, glvenlik ve ulasim hizi. [4]'te, farkl araba
segenekleri arasindan en iyisini segmek igin AHP ve TOPSIS (ideal Céziime Benzerlige Gore Siralama
Tercihi Teknigi) yontemlerinin bir kombinasyonu kullaniimistir. Ara¢ segiminde en 6nemli kriterin
siraslyla givenlik, fiyat ve yedek parga bulunabilirli§i oldugu ortaya ¢ikmistir. [5]'te toplu tasimanin dort
ulasim alternatifi ELECTRE yontemi kullanilarak degerlendirilmistir. [6]'da bir lojistik firmasi igin tasima
modunu segebilmek icin AHP kullaniimigtir. [7]'de otomobiller, Fuzzy AHP ve PROMETHEE I
yontemleri kullanilarak maliyet, givenlik ve otomobil sinifi kriterlerine gore siralanmistir. [8]'de AHP ve
TOPSIS yontemleri kullanilarak Hindistan’daki sedan otomobiller icin bir siralama yapilmistir. [9]'da orta
gelir grubunun AHP ve VIKOR yoéntemlerini kullanarak satin alabilecegi 22 otomobil markasi yer
almaktadir. [10]'da, Tirkiye'de satisa sunulan 11 farkh elektrikli otomobil modeli, TOPSIS ve Entropy
yontemleri kullanilarak pil kapasiteleri, beygir glcl, aerodinamik katsayilari, menzilleri ve satis
fiyatlarina gore siralanmistir. [11]’de, elektrikli araba sec¢im problemi icin aralik dederli kiiresel bulanik
AHP-ELECTRE y6ntemini sunulmustur. [12]'de, ¢cevre dostu araba secimi igin en uygun arabayi segcmek
icin ANP-ELECTRE lll yéntemlerini kullanmistir.

Tablo 1. Tasit secim problemi ile ilgili galismalarin detaylari

Yil Ref Kavramlar ve Yontemler Karar Verme Probleminin Tiiriu
2006 [1] AHP Hedef Programlama Otomobil Segim Problemi
2007 | [2] PROMETHEE Araba Secimi

2009 3] Kural tabanli araba segim modeli Arag Secimi

2010 [4] AHP and TOPSIS Araba Secimi

2011 [5] ELECTRE Ulasim Segimi

2014 [6] AHP Tasima Modu Segimi

2018 [7] Fuzzy AHP and PROMETHEE || Otomobil segimi

2019 [8] AHP and TOPSIS Hindistan’da Sedan Araba Segimi
2020 [9] AHP and VIKOR Otomobil Marka Segimi

2020 [10] TOPSIS and Entropy Elektrikli Araba Segimi

2021 [11] AHP-ELECTRE Elektrikli Araba Segimi

2022 [12] ANP-ELECTRE Il Cevre Dostu Arag Secimi

3. Temel Kavramlar

Bu bdlimde, ilk olarak, fpfs-kimeler [13] ve fpfs-matrisler [14] kavramlari verildi. Bu ¢alisma boyunca,
E bir parametre kiimesi, F(E) E Uzerindeki bitiin bulanik kimelerin kiimesi ve u € F(E) olsun. Burada,
p bulanik kimesi (yani graf(u)) {*®)x | x € E} ile gésterilir.

Tanim 1. [13] U bir evrensel kiime, u € F(E), ve a, be u den F(U)’ya bir fonksiyon olsun. O halde, a’nin
grafigi olan {("(")x,a(”(’f)x)) | x € E} kiimesine U lizerinde E ile parametrelendiriimis (kisaca U
uzerinde) bir bulanik parametreli bulanik esnek kiime (fpfs-kiime) denir.
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Bu galisma boyunca, U lizerindeki tim fpfs-kiimelerin kiimesi FPFS;(U) ile gosterilsin. FPFS;(U)'da
graf(a) ve a birbirini teklikle Urettiginden dolayi, bu notasyonlar birbiri yerine kullanilabilir. Bu nedenle,
herhangi bir karisikliga yol agmadidi slrece bir graf(a) fpfs-kiimesi « ile gosterilecektir.
6rnek 1. Let E = {xl,xz, X3} and U= {ul,uz,u3,u4}. Then,

a = {(O.le’ {0.4u2’ 0'3U,3, 06114}), (0.2x2’ {1111, 0.4—u2, 02113, 0311,4}), (0'4X3, {0.4u1’ 0'211.3, 0.5u4})}

is an fpfs-set over U.

Tanim 2. [14] « € FPFS;(U). O halde i € {0,1,2,---} ve j € {1,2,--- } igin,

(). i=0
a;j = a(#(xj)xj) (ui): i#0
ile tanimli
Qo1 Qo2 Qg3 -+ Qon
a1 412 A3 - Qip
[aij] =|: : : oo

Ay Ay Az e Oy o
bigiminde yazilan [a;;] matrisine of a’nin fpfs-matrisi denir. Burada, eger |[U| = m — 1 ve |E| = nise [a;]
m X n tipindedir.

Calisma boyunca, FPFS;[U] U Uzerinde E ile parametrelendiriimis tim fpfs-matrislerin kiimesini
gOstersin.

Ornek 2. Ornek 1’de verilen a’nin fpfs-matrisi asagidaki gibidir:

03 02 04
0 1 04
[a;j]=]04 04 o0
03 02 02
06 03 05

Tanim 3. [a;;| € My, (R) olsun. O halde, [a;;]'nin 6zellik bulaniklastirimisi

al-]-
, maxsg; #0
~ ,_ )Jmax akj k
a;; = k
1, max sy, = 0

ile tanimhidir.

Tanim 4. m > 2 olmak lzere [s;;] € M(;,—1)x1 (R) olsun. O halde,
Sit — mkin Sk1

- , MaxSg; # min Sy,
§. 1= {Mmax Sy, — min sy, k k
i1 k k

1, Max Sy = Min s,
ile tanimli matrise [s;; ]'nin normalizasyonu denir ve [§;] ile gosterilir.
Ikinci olarak, sonraki bolimlerde gerekli olacak bes SDM ydnteminin [15,17] algoritma adimlarini

veriyoruz. Calisma boyunca, I, = {1,2,---,n} ve I;; = {0,1,2, ---, n} olsun. Yukaridaki bahsedilen bes SDM
yontemi Tablo 1’de detaylandiriimistir.
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Tablo 1. Bu ¢alismada kullanilan SDM Y &éntemlerinin 6zellikleri

Yil Ref Gosterim / isim Teorik Yapi Karar verme Konsepti

2018 [15] MBRO1 fpfs -matrisler Karsilagtirma Matrisi

2018 [15] CCE10 fpfs- matrisler Toplama Operatori

2019 [16] EMK19 fpfs- matrisler TOPSIS

2020 [14] PEM fpfs- matrisler Alternatiflerin ve Parametrelerin Yayginlik Etkisi
2021 [17] G17(R) fpfs- matrisler (R) indis Kiimesine Dayali Toplama Operatorii

Algoritma 1. MBRO1 [15]

1. Adim Bir fpfs-matris [a;;]
2. Adim

. olusturulur.

mx

1, a;; = ay;
— j = Ckj
X(aij.akj) = {O, a;j < a,

olmak lzere
n

by, = Z aojx(aij ag;), ik €L,y
=1
ile tanimli [by ] (m—1)x(m—-1) Matrisi elde edilir.
3. Adim ¢y == Y75 by, i € Ly ile tanimli [c;3]n-1)x1 €lde edilir.
4. Adim d;; = Y751 by, i€ L,y ile tamimlhi [dy; ] gn-1)x1 €lde edilir.
5. Adim s;; = ¢;; —d;y, i€ Ly iletanimli [s;;]n-1)x1 Skor matrisi elde edilir.
6. Adim {$1y, |, € U} karar kimesi elde edilir.

Algoritma 2. CCE10 [15]

1. Adim Bir fpfs-matris [a;;]  olusturulur.

mx
1 . . .. e
2. Adim s;; = ;Z}Ll Agja;j, 1€ Iy_q ile tanimii [s;;]gn—1)x1 Skor matrisi elde edilir.

3. Adim p(w,) = —X— olmak lizere {#“u, |u, € U} karar kimesi elde edilir.

max sjq
i

Algoritma 3. EMK19 [16]

1. Adim [a};], [a}], ..., [af;] fpfs-matrislerini olusturulur.
2. Adim

1
by = ?z af, i€l andj€El,

lle tanimli [b;;] elde edilir.

3. Adim { € I,,_, ve j € I, olmak Uzere c;; := by b;; ile tanimli [c;;] elde edilir.
4. Adim

cfj = miax{cl-j} ve 5= miin{cl-j}, i€l, vej€El,

ile tanimli [cf;] pozitif ideal ¢6ziim matrisi ve [c;;] negatif ideal ¢ozim matrisi elde edilir.

5. Adim s}, = /Z}lzl (cij — cfj-)2 ve S; = \/Z?:l (cij—cj)? i €Ly vejEL

ile tanimh [s}] ve [s;;] elde edilir.
6. Adim
Si1 .
Sip = —/————, S S
st +s;

ile tamimli [s;;] skor matrisi elde edilir.
7. Adim {$ay, |, € U} karar kimesi elde edilir.
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Algoritma 4. PEM [14]

1. Adim m > 2 ve n > 1 olmak (izere bir [aif]an fpfs-matrisi olusturulur.

2. Adim

n
1 .
ile tanimli [si1]n—1)x1 skor matr|S| elde ed|I|r

3. Adim u(uy) = oImak tzere {FWy, |u, € U} karar kimesi elde edilir.

Algoritma 5. G17(R) [17]

1. Adim Bir fpfs-matris [a;;] olusturulur.

2. Adim R < I,, olmak Uzere bir R indis kiimesi belirlenir.
;3. Adim by ==Y jcpAo;a;j, 1€ lp_q

lle tanimli [b;;]m-1)x1 €lde edilir.

4. Adim ¢;y =37 ag;a;;, € Ipn_q

ile tanimli [c1](m-1)x1€lde edilir.

5. Adim V = {ui : by = max bkl} kimesi elde edilir.

m-1
6. Adim
Ci1, U; ev
Sip = {

- bil! uiEU—V’ lEIm_l

ile tanimli [s;1](m-1)x1 Skor matrisi elde edilir.
7. Adim {$y, |, € U} karar kimesi elde edilir.

4. SDM Yontemlerinin Agir Ticari Ara¢ Segimine Bir Uygulamasi

Bu bdluim [18]'de verilen Ankara'daki bir lojistik sirketi icin en iyi agir ticari araci segme problemini ele
almaktadir. Sirketin bu problemde 18 adet agir ticari araci bulunmaktadir. Sirket, eski Gretim yilina sahip
uc¢ otomobil yerine bes yeni otomobil almayi ve arag filosunu 20 araca ¢ikarmayi planlamaktadir.
Uygulamadaki arag segim problemi igin lojistik firmasinda g¢alisan bir yonetici, bir arag bakim elemani,
iki sofor ve [18]'in yazarlarindan olusan alti uzmandan olusan bir ekip olusturulmustur. Arag sekiz farkli
marka (BMC, DAF, FORD, MAN, MERCEDES, RENAULT, SCANIA, VOLVO) tarafindan belirlenmistir.
Daha sonra arag secim problemi icin kriterler belirlenmigtir. Arag sec¢im kriterlerinin belirlenmesinde
literatir calismalari [1,4] ve ulasilan farkli yik tasimaciligi firmalarindan elde edilen bilgiler kullaniimistir.
ilgili veriler Tablo 3'te mevcuttur.

Bu problemin incelemesinde, alternatifler agir ticari araci temsil etmektedir. U =
{uq, uy, ug, Uy, us, ug, U5, ug, } Olmak Uzere alternatifler u, :="BMC", u,:=* DAF’, u;:=“ FORD?”,
uy ="MAN”, us:=" MERCEDES”, uy :="RENAULT", u,:="SCANIA’, and ug:=“VOLVO” seklinde
gosterilir. Ayrica, E = {xq, X3, X3, X4, X5, Xg, X7, Xg, X9, X10, X11» X12> X13» X145 X15, X16, X17, X158, X190 X290} Olmak
Uzere parametreler x, :=“Motor &zellikleri”, x, :=“Yakit deposu kapasitesi, x; :=“Hareket kapasitesi”,
x, ="YUK", x5 :="Sanziman tipi®, x4 :=“Gulvenli sirus”, x, = “Kullanim kolayligr”, xg :==“Teknolojik
faktérler”, x4 :=“Fiyat”, x,, = "Yakit tiketimi’, x,, :=*2. el fiyat1”, x;, :=“Odeme kolayhdr’, x,; :=“Bakim
maliyeti®, x,, =“Garanti suresi/km”, x5 :=“Filoya Benzerlik”, ", x4 :="Marka” , x,;:="Tasarim”,
x5 *="Benzin istasyonu sayisI”, x,4 :=“Yedek parca bulunurlugu” ve x,, :=“Ortalama onarim siresi”
seklinde gosterilir. Tablo 4, yukarida bahsedilen parametreler igin bulanik agirliklari géstermektedir.
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Tablo 3. [18]'deki adir ticari ara¢ secim verileri

Parametreler

Araclar

BMC

DAF

FORD

MAN

MERCEDES

RENAULT

SCANIA

VOLVO

Motor 6zellikleri

~

8.5

7.5

9.5

10

Yakit deposu kapasitesi

600

650

760

580

780

580

690
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Hareket kapasitesi

2142

2500

2500

2814

2416

2785

2148

2379

Yiik

10550

12532

10566

10700

11178

13100

12550

12400

iletim tipi

N

Giivenli siiriis

=
3]

10

10

9.5

Kullanim kolayhgi

~

10

10

9.5

Teknolojik faktorler

=
3]

7.5

10

8.5

9.5

Fiyat

198000

238000

172000

232000

247000

252000

235000

255000

117

Yakit tiketimi

N
o)

w
o

26

27

24

26

27

25

2. el fiyati

125000

185000

115000

182000

195000

193

181000

198000

Odeme kolayhgi

[y
[ee]

N
N

30

22

28

28

24

18

Bakim maliyeti

1400

1800

1600

2000

2200

1900

1950

2100

Garanti siiresi/km

180000

230000

180000

200000

250000

200000

225000

220000

Filoya Benzerlik

=

Marka

N

4.5

6.5

Tasarim

6.5

10

9.5

10

9.5

Servis istasyonu sayisi

~
[ee]

N
(6]

55

20

18

19

22

25

Yedek pargalarin mevcudiyeti

©
3]

©
3

10

8.5

8.5

Ortalama onarim siiresi

~
(é)]

(6]
o

65

50

45

55

55

45
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Tablo 4. [18]'deki araba segim problemi igin alternatiflerin parametrelerinin etkileri ve agirliklar

Parametreler Parametre Etkileri Parametre Agirliklan
x1; Motor 6zellikleri Pozitif 0.050
x, Yakit deposu kapasitesi Pozitif 0.006
x3 Hareket kapasitesi Pozitif 0.031
x4, YUk Pozitif 0.042
x5 Aktarim tiri Pozitif 0.011
x¢ Glvenli sUris Pozitif 0.094
x5 Kullanim kolayhgi Pozitif 0.043
xg Teknolojik faktorler Pozitif 0.053
xq Fiyat Negatif 0.081
x10Yakit tiketimi Negatif 0.120
x11 2. el fiyati Pozitif 0.032
x4z Odeme kolaylig Pozitif 0.029
x13 Bakim maliyeti Negatif 0.059
x14 Garanti siresi/km Pozitif 0.050
x15 Filoya Benzerlik Pozitif 0.078
x1Marka Pozitif 0.080
Xx17 Tasarim Pozitif 0.027
x1g Servis istasyonu sayisi Pozitif 0.047
X19 Yedek pargalarin mevcudiyeti Pozitif 0.056
x,o Ortalama onarim siresi Negatif 0.010

Tablo 4’teki parametrelerin dnem derecelerini ele alalim. Daha sonra Tablo 3'teki degerler [0,1] araliginda
olmadigi i¢in 6zellik bulaniklastirmasi ile normallestirilir (bkz. Tanim 3). Bu nedenle, [aij] fpfs-matrisi Tablo
3'ten elde edilen normallestiriimis degerler ve Tablo 4’teki bulanik agirliklar araciligiyla asagidaki gibi
olusturulur.

0.050 0.006 0.031 0.042 0.011 0.094 0.043 0.053 0.081 0.120 0.032 0.029 0.059 0.050 0.078 0.080 0.027 0.047 0.056 0.010
0.700 0.769 0.761 0.805 0.667 0.750 0.700 0.750 0.224 0.067 0.631 0.600 0.364 0.720 0.333 0.222 0.550 1.000 0.950 0.000
1.000 0.962 0.888 0.957 1.00 0.900 0.950 0.900 0.067 0.000 0.934 0.800 0.182 0.920 1.000 0.556 0.900 0.321 0.850 0.333
0.600 0.833 0.888 0.807 0.333 0.800 0.700 0.750 0.325 0.133 0.581 1.00 0.273 0.720 0.333 0.500 0.650 0.705 1.000 0.133
[aij] =10.850 0.974 1.000 0.817 0.667 0.900 0.800 0.800 0.090 0.100 0.919 0.733 0.091 0.800 0.667 0.667 0.800 0.256 0.800 0.333
0.750 0.744 0.859 0.853 0.667 1.000 0.900 0.900 0.031 0.200 0.985 0.933 0.000 1.000 0.667 1.000 1.000 0.231 0.900 0.400
0.950 1.000 0.990 1.000 1.000 1.000 1.000 1.000 0.012 0.133 0.001 0.933 0.136 0.800 0.667 0.778 0.950 0.244 0.800 0.267
0.900 0.744 0.763 0.958 1.000 0.950 1.000 0.850 0.078 0.100 0.914 0.800 0.114 0.900 1.000 0.722 1.000 0.282 0.850 0.267
11.000 0.885 0.845 0.947 1.000 0.900 0.950 0.950 0.000 0.167 1.000 0.600 0.045 0.880 1.000 0.889 0.950 0.321 0.850 0.400

Burada {xo, x40, X13, x50} parametreleri karar verme sirecini olumsuz etkilemektedir. [aij] fpfs-matrisi
olusturmak i¢in negatif parametrelere ait degerler 1'den cikarilir glink(, bir fpfs-matris pozitif etkilere dayal
olarak olusturulur.

ikinci olarak, MBR01, CCE10, EMK19, PEM ve G17(R) gibi SDM yéntemlerini yukarida bahsedilen [aij]sx”

fpfs-matrisine uyguluyoruz. SDM ydntemleri tarafindan olusturulan karar kiimeleri ve éncelik siralamalari
sirasiyla Tablo 4 ve 5'te gosteriimektedir.
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Tablo 4. [aij] icin SDM yontemleri tarafindan Uretilen karar kiimeleri

SDM Yontemi = Karar Kiimeleri

MBRO1 [15] {°BMC, ®7361DAF, ©3°21FQRD, %3583MAN, 'MERCEDES, ®#°53RENAULT, ®8575SCANIA, °°?¢1VOLVO0}
CCE10 [15] {07884BMC, O-9550DAF , ©8432FQRD, *878’MAN, *78°MERCEDES, *°286RENAULT, °*77*SCANIA, 'VOLVO}
EMK19 [16] {°BMC, ®®874DAF , ®1642FQRD, *+4*’MAN, °#**°MERCEDES, ®522°RENAULT, ®#8*8SCANIA, 'VOLVO}
PEM [14] {05927BMC, %9502DAF , ©6567FORD, *7?°2MAN, ***1*MERCEDES, *3818RENAULT, *95*3SCANIA, 'VOLVO}

G17(117) [17] {°BMC, ®7872DAF , ©-259°FQRD, *426°MAN, %-°°°2MERCEDES, ®¢¢?’RENAULT, ®°31SCANIA, 'VOLVO}

Tablo 5. [aij] icin SDM yontemleri tarafindan Uretilen ve [18]'de Uretilen dncelik siralamasi

Karar Verme Yontemi Siralama Emirleri

PROMETHEE [18] MAN < BMC < FORD < DAF < MERCEDES < SCANIA < RENAULT < VOLVO
MBRO1 [15] BMC < MAN < FORD < DAF < SCANIA < RENAULT < VOLVO < MERCEDES
CCE10 [15] BMC < FORD < MAN < RENAULT < DAF < SCANIA < MERCEDES < VOLVO
EMK19 [16] BMC < FORD < MAN < RENAULT < DAF < MERCEDES < SCANIA < VOLVO
PEM [14] BMC < FORD < MAN < RENAULT < MERCEDES < SCANIA < DAF < VOLVO
G17(147) [17] BMC < FORD < MAN < RENAULT < DAF < SCANIA < MERCEDES < VOLVO

Tablo 5’teki dncelik siralamalari, CCE10 ve G17(R)'nin ayni dncelik siralamalarini Urettigini géstermektedir.
MBRO1 disindaki bes SDM ydnteminin tim(, Tablo 3 ve 4’'teki degerlere dayal olarak sirketin en uygun
agir ticari aracinin VOLVO, en uygun olmayanin ise BMC oldugu konusunda hemfikirdir.

Tablo 5'teki PROMETHEE sonuglarina [18] goére, ayni verilere dayal olarak sirketin en uygun agir ticari
araci VOLVO iken, en uygun olmayan MAN'dir. Karsilagstirma, MBRO1 hari¢ Tablo 5’teki tim ydntemlerin
en uygun agir ticari aracin VOLVO oldugu konusunda hemfikir oldugunu géstermektedir.

5. Sonuglar

Bu calismada, [18]'deki veriler kullanilarak agir ticari arag segim problemine fpfs-matrisleri tarafindan
olusturulan bes son teknoloji SDM yontemi [14-17] uygulandi. Sonug¢ olarak, incelenen SDM
yaklasimlar etkili siralama yeteneklerine sahiptir. [18]'deki ¢ok kriterli karar verme yontemi
PROMETHEE ile ayni optimum alternatifi Gretirler.

Agir ticari ara¢ secim problemine bir¢cok ¢ok kriterli karar verme yéntemi uygulanmistir. Literatirden
farkli olarak, s6z konusu sirkette agir ticari ara¢ secim problemine, bulanik parametreler ve alternatifler
iceren problemleri modelleyen fpfs-matrisler uygulanmistir. Sonuglar, agir ticari ara¢ sec¢im problemine
iliskin tedarik¢i seciminin fpfs-matrisler araciligiyla farkli bir bakis ac¢isi sunmaktadir. Sonugclar
Ankara’daki bir sirketin verilerinden elde edilmis olmasina ragmen, SDM ydntemleri modelleme
yetenekleri nedeniyle tlke genelinde ve diinyadaki herhangi bir araba segim probleminde kullanilabilir.
Ornegin, enerji planlamasi [19] ve akademik performans degerlendirmesi [20] ile ilgili caligmalar farkli
problemlerde yeteneklerini gdstermektedir.
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Buradaki agir ticari arag se¢im problemi i¢in sonuglari gelistirmek tzere birkag SDM teknigi kullanmak
muUmkuindur. Agir ticari ara¢ segim problemi kaynaklarinin siralamasinin dogrulugu, agir ticari arag
secim problemine iligkin kapsamli veriler toplanarak ve fpfs-matrisleri, sezgisel bulanik parametreli
sezgisel bulanik esnek matrisler (ifpifs-matrisler) [21] ve aralik dederli sezgisel bulanik parametreli aralik
degerli sezgisel bulanik esnek matrisler (d-matrisler) [22] kullanilarak ve yeni SDM teknikleri énerilerek
de gelistirilebilir. Ek olarak, betimsel bulanik kimeler (pf-kimeler) [23-25] ve esnek kiumelerin hibrit
yapilari, agir ticari ara¢ sec¢im probleminde bulanik ve sezgisel belirsizligin 6tesindeki belirsizlikleri
modellemek igin kullanilabilir.
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TESIS YERI SEGIMINDE YENILENEBILIR ENERJI KULLANIMI
ACISINDAN SILIVRi BOLGESININ ONEMI VE BiR UYGULAMA

THE IMPORTANCE OF SILIVRI REGION FOR RENEWABLE
ENERGY IN FACILITY LOCATION SELECTION AND AN
APPLICATION

Abdullah Ziibeyr SEKERCI,
Istanbul Rumeli Universitesi Miihendislik ve Doga Bilimleri Fakiiltesi
ORCID Nr: 0000-0003-4181-0387

OzZET

Bu calisma g farkh literatirden beslenerek Uretim faaliyetinde bulunan fabrikalar icin RES-Yogun
bolgeleri segmeyi hedeflemektedir. RES icin tesis yeri secimi (FLS) literatiriinde, en uygun yer segimi
genellikle rizgar ve glines gibi belirli bir yenilenebilir enerji kaynaginin bdlgesel yogunluguna goére
yapilir. RES seg¢im (S) literatirinde ise glnes, rizgar, hidro gibi en uygun kaynaklardan biri
secilirBuna ek olarak Normal FLS literatliriinde bir tesis icin konum, tedarik¢i ve pazar yakinhgi gibi
temel kriterler ele alinir. Bu baglamda bu galisma Ug literatlirden yola ¢ikarak RES'in yodunlastigi ve
fabrika kurulabilecek bélgelerin secimine odaklanmistir. istanbul'da fabrika kurulabilecek olasi
lokasyonlar baz alinarak lokasyonlar belirlenmistir. Seg¢im slrecinde literatirde en sik kullanilan
kriterler secilmistir. BOylece 5 ana kriter ve bunlara bagh 13 alt kriterden olusan bulanik analitik
hiyerarsi sureci (FAHP) yapisi olusturulmustur. Silivri Bolgesi, daha énce belirlenen U¢ alternatif
lokasyondan RES'in en iyi kullanilacagi bélge olarak secilmistir. Elde edilen sonucun dogrulugu gercek
verilerle test edilerek onaylanmistir.

Anahtar Kelimeler: FAHP, yenilenebilir enerji kaynaklari, tesis yeri se¢imi, bolge segimi.

ABSTRACT

This study aims to select RES-Intensive regions for factories engaged in production activities based
on three different kinds of literature. In the facility location selection (FLS) literature for RES, the most
suitable site selection is usually made according to the regional density of a particular renewable
energy source, such as wind and solar. In addition, In the RES selection literature, one of the most
suitable sources, such as solar, wind, and hydro is selected. In addition, the Normal FLS literature
considers key criteria for a facility, such as location, supplier and market proximity. In this context, this
study focused on selecting the regions where RES is concentrated and where factories can be
established based on three kinds of literature. Locations have been determined based on possible
locations where factories can be established in Istanbul. The most commonly used criteria in the
literature were selected for the selection process. Thus, the fuzzy analytical hierarchy process (FAHP)
structure was established with 5 main criteria and 13 sub-criteria related to them. Silivri Region has
been selected as the region where the RES will be utilized best from the three alternative locations
previously determined. The accuracy of the result obtained has been confirmed by testing with real
data.

Key Words: FAHP, renewable energy sourve, facilty location selection, region selection.

123



3. RUMELI SURDURULEBILIR GEVRE iCIN ENERJI VE TASARIM SEMPOZYUMU

3rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
2-3 Subat 2023 / February 2-3, 2023

Silivri, ISTANBUL

1. Girig

21. yy.’da artis ivmesi oldukga yikselen CO2 emisyonunun temel sebebi enerjide ylksek oranda
kullanilan kémr, petrol ve dogal gaz gibi fosil yakitlardir. Bu durum diinyada olaganusti yillik sicaklik
artisina yol agmaktadir. Kiresel ve ulusal dlgekte yenilenebilir enerjiyi tegvik eden politikalar ile fosil
yakit kullanim artigi azaltilabilmigtir. Sekil 1 1985-2021 yillari arasinda elektrik Uretiminde kullanilan
birincil enerji kaynaklarini géstermektedir.
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Sekil 1. 1985-2021 Arasinda Birincil Enerji Kaynaklarindan Elektrik Uretimi [1].

Fosil yakitlar ve diger enerji kaynaklari diinya genelinde yaklasik olarak %60 oraninda elektrik
uretiminde kullaniimaktadir. Bunun diginda binalarda, ulasimda, endustride yakit ve i1sinma gibi
ihtiyaclar icin de kullaniimaktadir. Bunlarin oranlari her sene Uluslararasi Enerji Ajansi (IEA)
tarafindan yayinlanmaktadir [2]. Sekil 1°de gosterildigi gibi fosil yakitlar enerji kullaniminda azaltiimig
olsa da hala CO2 emisyon artiginda ana paya sahiptir. Dolayisiyla Turkiye'nin de 2009’da katildigi
Kyoto Protokoli ve 2016 yilinda imzaladigi Paris iklim Anlagsmasi gibi anlagsmalar sirdurilebilir
olmayan bu artis1 minimize etmeye ¢cabalamaktadir [3]. Bu badlamda katilimcl, izleyici ve diger bir¢ok
Ulke net sifir emisyon politikalari geregince RES’e yonelmektedir. Gorlldigi gibi son yillara dogru
RES’ten Uretilen elektrik orani neredeyse %50 orana ulagsmaktadir. Uluslararasi Enerji Ajansi 2022-
2027 arasinda dunya mevcut kurulu yenilenebilir enerji kapasitesinin 2400 GW, yani %75 olarak
artmasini beklemektedir. Bu artigtaki en buyuk pay ise Cin’e aittir. Sekil 2'de sol tarafta Glkelerin kurulu
RES kapasitesi artis oranlari ylizde olarak, sag tarafta da GW deger olarak gosterilmektedir.

40%
35% 2022-27 Net Sifir
(2050 senaryo bazli)
30% @ Gin
2022-27 hizlandinimig
258, g Geligmis
Ekonomiler
20% 2022-27 ana vaka
Geligmekte
[}
- 2016-21 Olan Ekonomiler
0%
@8 Dinya
- 2010-15 "
0% 0 500 1000 1500 2000 2500 3000 3500 4000
Gin AVRUPA DUNYA BIRLESIK HINDISTAN oW
DEVLETLER

Sekil 2. Bolge Bazli RES Kurulu Kapasitesi Artis Orani-YUizde ve GW deger Olarak [4].
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Sekil 2’de goéruldugu gibi devletler surdurulebilir enerji kaynaklarina hizlica yénelmektedirler. Bu
alanda en blyuk devrim daha 6ncesinde fosil yakit alaninda da lider konumda olan Cin’e aittir. Buna
ek olarak Turkiye, yer aldigi Avrupa Birligi Bélgesi'nde yenilenebilir enerji alaninda yedi itici glice sahip
ulkeden biridir [4]. Tablo 1, Turkiye’nin termik ve yenilenebilir enerjide geldigi durumu géstermektedir.

Tablo 1. Turkiye’'de Birincil Enerji Kaynaklarindan Elektrik Uretiminde Yerli/ithal ve Fosil/RES Orani [5]

2010 - TURKIYE Elektrik g:;',t.imri;.mrinc" Enerji Kaynaklari 2021 2022
\i(tel:zllil ((}()) FISESSIL(I(QI;) Kaynak l(J{eOt(l)r(r)l Oran (%) l::[eottl)r(r)l Oran (%) L(j:{(:)ttl)r(r)l Oran (%)
GWh) GWh) GWh)
Y+i F+R TOPLAM 211.208 100,00% 331.241 100,00% 334.252 100,00%
Y F+R Toplam 96.352 45,62% 167.576 50,59% 183.028 54,76%
i F+R Toplam 114.856 54,38% 163.665 49,41% 151.224 45,24%
Y+i R Toplam 55.837 26,44% 118.263 35,70% 132.457 39,63%
Y R Toplam 55.837 26,44% 118.263 35,70% 132.457 39,63%
i R Toplam 0 0,00% 0 0,00% 0 0,00%
Y R Hidroelektrik 51.795 24,52% 55.695 16,81% 66.867 20,00%
Y R Rizgar 2.916 1,38% 31.137 9,40% 30.643 9,17%
Y R Gines 0 0,00% 13.294 4,01% 15.680 4,69%
Y R Diger 1.126 0,53% 18.137 5,48% 19.267 5,76%
Y+ F Toplam 155.371 73,56% 212.978 64,30% 201.795 60,37%
Y F Toplam 40.515 19,18% 49.313 14,89% 50.571 15,13%
i F Toplam 114.856 54,38% 163.665 49,41% 151.224 45,24%
Y F Yerli Kdmir 40.515 19,18% 49.313 14,89% 50.571 15,13%
i F ithal Kémir 14.532 6,88% 54.889 16,57% 70.410 21,06%
i F Dogalgaz 98.144 46,47% 108.439 32,74% 80.451 24,07%
i F Diger 2.180 1,03% 337 0,10% 363 0,11%

Yukarida gosterilen Tablo 1.’e gore yerlilik orani yillar iginde hayli artis gdéstermektedir. Buna baglica
katki saglayan unsur ise elektrik Uretiminde surekli artis goésteren RES oranidir. Belirtiimelidir ki
ulkemizde RES tamamen yerli olmakla beraber fosil yakitlarin yarisindan fazlasi ithaldir. Buna ek
olarak 2013 yilinda Enerji Bakanhgi, 2023 hedeflerinden birinin RES oraninin %30’a ¢ikariimasi ve
dogal gaz oraninin %30’a indirilmesini belirtmis ve bu basariimistir [6].

Bu baglamda Turkiye'de ve dinyada RES oraninin artmasi literatlrti bu alanda zenginlestirmistir. Yine
dénusumli olarak literatiir de RES’e yénelimi artirmaktadir. Bu galisma istanbul ilinde fabrika
kurulabilecek, organize sanayi bélgesi (OSB) ya da OSB’ye yakin ¢ alternatif bolge arasindan dretim
tesisleri icin RES’ten en fazla yararlanilacak bélgeyi segmeyi amaclamaktadir. Se¢im islemi igcin 5 ana
kriter ve 13 alt kriterden olusan FAHP yapisi kullaniimisgtir. Literatirde RES S islemi i¢in son yillarda
¢ok kriterli karar verme yontemlerinin (MCDM) kullanimi artmigtir. Dolayisiyla kriterler literatlirden
secilmistir. Se¢im isleminin sonucunda RES’ten yararlanmak icin Silivri Bolgesi fabrika kurmaya en
elverigli bolgedir. Se¢im isleminin sonucu gercek enerji haritalari ile de dogrulanmistir.
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2. Literatiir Taramasi

Son yillarda RES’e ydnelim ve bu dogrultudaki politikalar hayli arttigindan dolay! literatirde de bu
alandaki calismalar paralel olarak artis gdstermistir. Bu alanda MCDM ile yapilan galismalar bu
¢alismanin arastirma alanindadir. Bununla beraber RES S, RES FLS ve Normal FLS literatirinden
faydalaniimigtir. Boylece Tablo 2 literatlirdeki uygulamalari ve Tablo 3 bunlarin metotlarini
gOstermektedir.

Tablo 2. MCDM ile RES S, RES FLS ve Normal FLS Uygulamalari igin Literatiir Taramasi

Uygulama

Yazar(lar) il RES S Rizgar FLS Giines FLS Normal FLS
Theodorou vd. [7] 2010 N
Oniit [8] 2010 N
Sadeghi vd. [9] 2012 N
Aydin [10] 2013 v
Kengpol vd. [11] 2013 \
Kabir ve Sumi [12] 2014 N
Noorallahi vd. [13] 2016 v
Damgaci vd. [14] 2017 N
Wang vd. [15] 2018 N
Duman [16] 2018 v
Ishfaq vd. [17] 2018 N
Darani vd. [18] 2018 N
Dogan ve Uludag [19] 2018 v
Giicer [20] 2018 N
Solangi vd. [21] 2019 N
Can ve Yiicel [22] 2019 v
Ammar vd. [23] 2019 N
Karakul [24] 2020 d
Derse ve Yontar [25] 2020 N
Anderluh [26] 2020 N
Vagiona [27] 2021 \
Urfali ve Eymen [28] 2021 v
Komchornrit [29] 2021 N
Giiner vd. [30] 2021 \
Abdel-Basset vd. [31] 2021 v
Nong [32] 2021 N
Bilgig vd. [33] 2021 d
Xuan vd. [34] 2022 \ v
Oztas [35] 2022 \
Sarkodie vd. [36] 2022 \

TOPLAM 10 4 6 9

Tablo 3. MCDM ile RES S, RES FLS ve Normal FLS Uygulama Metotlari igin Literatiir Taramasi

Metod*

Yazar(lar) Vil F AHP _F TP VKGR PR I _EL MR CP BW AN SW WS
Theodorou vd. [7] 2010 v v v
Oniit [8] 2010 NN NN
Sadeghi vd. [9] 2012 NN N A
Aydin [10] 2013 NN A
Kengpol vd. [11] 2013 v v \/
Kabir ve Sumi [12] 2014 NN RN
Noorallahi vd. [13] 2016 N
Damgaci vd. [14] 2017 NN
Wang vd. [15] 2018 v v \
Duman [16] 2018 N y
Ishfaq vd. [17] 2018 v NN
Darani vd. [18] 2018 v v \
Dogan ve Uludag 2018 N N

[19]
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Giicer [20] 2018 v
Solangi vd. [21] 2019 NN A
Can ve Yiicel [22] 2019 v
Ammar vd. [23] 2019 v \
Karakul [24] 2020 v
Derse ve Yontar [25] 2020 N
Anderluh [26] 2020 v
Vagiona [27] 2021 v N N v N
Urfali ve Eymen [28] 2021 Y
Komchornrit [29] 2021 v v
Giiner vd. [30] 2021 \
Abdel-Basset vd. [31] 2021 v NN
Nong [32] 2021 v
Bilgic vd. [33] 2021 v
Xuan vd. [34] 2022 v v
Oztas [35] 2022 R
Sarkodie vd. [36] 2022 \ \ \
TOPLAM 8 21 5 15 4 1 3 1 1 2 1 2 1 1 1

*F. Fuzzy, TP: TOPSIS, VK: VIKOR, GR: GRA, PR: PROMETHEE, EL: ELECTRE, MR: MOORA, CP: COPRAS, BW: BWM, AN: ANP, SW:
SWARA, WS: WASPAS.

Literatlir taramasinda goruldigu gibi son yillarda en uygun RES belirleme sirecinde MCDM
yontemlerinin kullaniimasi artmistir. Bu yontemlerden FAHP ve FTOPSIS digerlerine nazaran daha
cok kullaniimaktadir. Calismamizda da segim islemi FAHP ile yapiimistir. Bundan sonraki metodoloji
béliminde FAHP yapisi ve kriter segimi incelenmis ve sonrasinda segim islemi yapilmistir.

3. Metodoloji

Bu galisma belli bir metodolojiye gére hazirlanmistir. ilk adimda literatiir taramasinda belirtildigi gibi
MCDM ydntemleri arastirmasi yapiimistir. Sonrasinda bu ydntemlerin yapisi incelenmis ve literatirde
en sik kullanilan kriterler bu yapilarda uygulanmistir. Sonu¢ olarak bolge agirliklari bulunmustur. Bu
sonunglarin dogrulanmasi icin gercek enerji haritalarindan yararlaniimigtir. Sekil 3 bu metodolojiyi
aciklamaktadir.

RESS., RES FLS ve ' | [ RESS., RES FLS ve
Normal FLS Bulunan MCDM Normal FLS
Literatlrinde En Cok E{} Yontemlerinin > | Literatiiriinde En Cok

Kullanilan MCDM Yapisini incele Kullanilan
Yéntemlerini Bul | Kriterleri Bul
\ / N S A /
-~ ‘\.. ; "\.I ‘_; - N\
Sonuglari Gergek Kriterleri, incelenen Kriterleri. Ana ve
Cografi RES MCDM Yéntemlerinde M
: i L | <3 Alt Kriterler
Haritalari lle Uygula ve Alternatif Olarak A
Kontrol Et ve Dogrula Bolge Agirliklarini Bul arakeavie
. / L / N S

Sekil 3. Calismanin Metodolojik ilerleyisi
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Sekil 3'teki metodolojik ilerleyise gore sonraki bolimde literatlirden elde edilen yéntem olan FAHP’nin
yapisini incelenmistir.

3.1. FAHP’In Yapisi

AHP 1990 yilinda Saaty'nin [37] 6ne sirdigid analitik bir karar verme yontemidir. Bu yapi insan
goruslerini Saaty dilsel dlcegi ile matematiksel ifadelere gevirir ve ana-alt kriterler arasindan en uygun
alternatifi seger. Bu c¢alisma ise gercede daha da yakin sonuglar elde etmek icin AHP’nin bulanik
formatini kullanmayi tercih etmistir. Kullanilan FAHP modeli Saaty’'nin AHP yapisini gelistiren
Buckley’in modelidir [38]. FAHP’nin dilsel 6lgedi Tablo 4'te gosterilmektedir.

Tablo 4. Bulanik Sayilarin Dilsel Olgegi [12]

Uggensel Bulanik Uggensel Bulanik Sayilar-

Saaty Olgegi Tanimlar Sayilar Tersi
1 Esit 6nem seviyesi (1,1,1) 1,1,1)
2 Ara deger (1.2,3) (273, %, 1)
3 Zayif 6nem seviyesi (2,3,4) (2/4, 1/3, Va)
4 Ara deger (3.4,5) (1/5, Va, 1/3)
5 Orta 6nem seviyesi (4,5,6) (1/6, 1/5, Va)
6 Ara deger (5,6,7) (177, 1/6, 1/5)
7 Gigla agirlikh (6,7,8) (278, 1/7, 1/6)
8 Ara deger (7,8,9) (a/9, 1/8, 17)
9 Cok glcli 6nem seviyesi (8,9,9) (1/9, 1/9, 1/8)

FAHP’in ana ve alt kriterleri agirliklandirma sirecinin adimlar asagida gosterilmektedir [39]:
Adim 1. ikili karsilastirma matrisi C*, uzman gorlslerine gére belirlenir. Bu matris d*,,, bulanik
sayilarindan olusur:

I (1)

Eger karar verici birden ¢oksa:

~ Mgk
= 2
Esitlik 2 ile d” karar Olgitlerinin ortalamasi alinir ve asagidaki matris elde edilir:
- du d~ij
C=|: ~ 3)
dnl : dnn

Adim 2. dij Ucgensel bulanik sayilarindan olusan her satirin degeri 7; olarak, geometrik ortalama ile
elde edilir [40]:

7y = ([T d;j)¥™1=1,2,..n “)

Adim 3. Sonrasinda agirliklandirma islemi asagidaki gibi yapilir ve W, degerleri elde edilir [41]:
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m=fQFR®"H®.B%)=1,mu (5)

Adim 4. Adim 3'te elde edilen [;, m;, u; degerleri kiiglk, orta ve blyUk olarak bir bulanik tiggen sayiyi

ifade etmektedir. Dolayisi ile bu bulanik sayi Ortalamalarin Merkezi (COA) yontemi ile durulastirilir:
lLi+mi+u;

Dy =—— (6)

Adim 5. Durulastirma isleminin sonucunda elde edilen deger normalize edilir ve bu deger istenen

kriterin ya da alternatifin agirligini ortaya koyar:

_ _Dbi
— JN
Zn:lDi

N;

Q)
Yukarida agiklanan asamalar FAHP yapisinin ana ve alt kriterler ile alternatifleri degerlendirirken, yani
her asamasinda ayri ayri uygulanir. Son olarak istenen alternatifin agirligi ortaya konur.

3. 2. Literatiirden Kriter Elde Etme

Sekil 3’'e gbére metodolojik ilerleyiste literatlirden kriter elde etmek icin Tablo 5 olusturulmus ve
¢alismalarda en sik kullanilan kriterler gosterilmistir.

Tablo 5. RES S ve RES FLS Literatliriinde En Sik Kullanilan Kriterler

Kriterler
Yazar Yi Ana Kriterler* Alt Kriteler**
5 i | RO RO El T SF KF

RO RO El Tl SF KF Go RO Do I Ge Rh I Yi Tv Hs Em I Ar Ts I Bi Sk I Ty Py U Sy
[71 2010 NN A v N N
[8] 2010 v N N N
9] 2012 v N NN N
[0 2013 v v N W v v N N J
[11] 2013 N N N A NN N v N NI
[12] 2014 v NooA NN NN
[13] 2016 v N d N N AN
[14] 2017 NN A N N N
[15] 2018 N N N W v v v NN V S
[16] 2018 N N N W NN J Y Voo
[17] 2018 v NN A N N
[18] 2018 N N N N NI
[19] 2018 NN N AN A v A V N N
[20] 2018 Voo N NN N W
[21] 2019 VoW v v NNV
[22] 2019 J J \ N N J
[23] 2019 NN N N N N NI
[24] 2020 W VoA V NN
[25] 2020 NN NN N y N
[26] 2020 3 v N N
[27] 2021 v N N NN
28] 2021 N N N N NN J V Y v NN A
[29] 2021 voN W N N N
0] 2021 N N W Vo v v v oA
[31] 2021 W NN NN N NN NN NN A N
[32] 2021 VoA N N N NN
[33] 2021 NN W NN y
[34] 2022 N S A N N
B5] 2022 v Vo v N NN
[36] 2022 W NN voNN V NN N
TOPLAM 19 8 20 19 14 20 15 12 8 5 3 19 6 5 4 20 8 11 7 9 15 12 6
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*Ana Kriterler: RO: RES Orani, RO: RES Ozellikleri, Ei: Ekonomik imkanlar, Ti: Teknik imkanlar, SF: Sosyoekonomik Faktérler, KF: Konum Faktorleri,

**Alt Kriterler: Go: Giines RES Orani, Ro: Riizgar RES Orani, Do: Diger RES Orani, Ge: Giineslilik Egimi, Rh: Riizgar Hizi, Yi: Yatirim ve isletme Maliyetleri, Tv: Tesvik ve
Vergiler, Hs: Hizmet Siiresi, Em: Enerji Hatlarina Mesafe, Ar: Arazi Ozellikleri, Ts: Teknoloji ve Sanayi Gelismisligi, Bi: Bolgesel Istihdam, Sk: Sosyal Kabuledilirlik, Ty:
Tedarikgilere Yakinlik, Py: Pazara Yakinlik, U: Ulagim, Sy: Su Kaynagina Yakinlik.

Tablo 5’te goéruldigu gibi bazi ana ve alt kriterler yliksek degerde bazilari algak degerde elde
edilmistir. Bu tabloya go6re hazirlanan Saaty’nin [37] FAHP hiyerarsik tablosu Sekil 4te
gOsterilmektedir.

Uretim igin RES-
Yogun Bolge Segimi

RO Ei Ti SF KF
— Go [ — Yi [ Ty
Ar Bi
—~ Ro — TV Py
Ts Sk
L4 Do | L— Hs [— — U
SILIVRI TUZLA IKITELLI
BOLGESI BOLGESI BOLGESI

Sekil 4. Uretim igin RES-Yogun Bélge Secimi-FAHP Hiyerarsik Yapisi
Sekil 4’'te gosterilen kriterlerin agiklamasi ve segim sebepleri maddelerle agiklanmistir:

1. RO (RES Orani): RES-Yogun bdlgeleri belirten ana kriterdir. Literatirde de ylksek oranda
tercih edilmistir.
a. Go (Giines RES Orani): Tesis kurulacak bolgenin glnesli gin sayisini, glines
santrali yogunlugunu ya da potansiyelini belirten alt kriterdir.
b. Ro (Ruzgar RES Orani): Tesis kurulacak bélgenin ruzgarli gin sayisini, rizgar
hizini, riizgar santrali yogunlugunu ya da potansiyelini belirten alt kriterdir.
c. Do (Diger RES Orani): Tesis kurulacak boélgenin glines ve riizgar disinda, jeotermal
ya da biyogaz gibi RES kaynak yogunlugunu ya da potansiyelini belirten alt kriterdir.
2. EI (Ekonomik imkanlar): Tesis kurulacak bélgedeki ekonomik avantaj ya da dezavantajlari
belirten ana kriterdir.
d. Yi (Yatinm ve isletme Maliyetleri): Tesis kurulacak bdlge igin yatirm ve isletme
maliyetlerini belirten alt kriterdir.
e. Tv (Tesvik ve Vergiler): Tesis kurulacak bdlgenin tesvik ve vergi durumlarini belirten

alt kriterdir.
f. Hs (Hizmet Siiresi): Tesis kurulacak bdlgede tesisin hizmet verme suresini belirten
alt kriterdir.
3. Ti (Teknik imkanlar): Tesis kurulacak bélgenin teknik ve teknolojik imkanlarini belirten ana
kriterdir.

g. Ar (Arazi Ozellikleri): Tesis kurulacak bélgenin arazi diizIigdi, genisleme imkanlar,
saglamligini belirten alt kriterdir.

h. Ts (Teknik ve Sanayi Gelismisligi): Tesis kurulacak bdlgenin teknolojik ve sanayi
altyapisini belirten alt kriterdir.
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4. SF (Sosyoekonomik Faktorler): Tesis kurulacak bélge nifusuna dair isglicii potansiyeli ve
sosyal kabuli belirten ana kriterdir.

i. Bi (Bolgesel istihdam): Tesis kurulacak bélgenin istihdam edilebilecek isgiictinii
belirten alt kriterdir.

j- Sk (Sosyal Kabul Edilebilirlik): Tesis kurulacak bdlge nifusu tarafindan cevresel
faktorler, is imkanlari ya da farkl avantaj ve dezavantajlar dahilinde tesisin kabul
edilebilirligini belirten alt kriterdir.

5. KF (Konum Faktorleri): Tesis kurulacak bdlgenin yollara, hammadde tedarikgisi ya da
musterilere olan konumunu belirten ana kriterdir.

a. Ty (Tedarikgilere Yakinlik): Tesis kurulacak bdlgenin hammadde ureticilerine
yakinhgini belirten alt kriterdir.

b. Py (Pazara Yakinlik): Tesis kurulacak bodlgenin musterilere yakinhigini belirten alt
kriterdir.

c. U (Ulasim): Tesis kurulacak bdlgenin yol altyapisini belirten alt kriterdir.

FAHP yapisina Tablo 4’teki bazi ana ve alt kriterler alinmamis ve acgilimlari agiklanmaya ihtiyag
duyulmamistir. Sebesi ise, hem literatlirde az kullaniimalari hem de g¢alismamiza uymamalaridir. Bu
bolimden sonra FAHP ikili karsilastirma matrisleri Uygulama bashgi altinda incelenmisgtir.

4. Uygulama

FAHP ikili karsilastirma matrisleri i¢ uzmanin ayri ayri géruglerini alarak hazirlanmistir. Bununla
beraber ikili karsilastirma degerlerini tekil hale getirmek igin Esitlik 2’deki gibi uzman skorlarinin
ortalamasi alinmistir. Bu sekilde toplamda 19 ikili karsilastirma tablosu olusmustur. Bunlardan ikisi
¢alismada paylasiimaktadir. Tablo 6 ana kriterlerin kendi arasindaki karsilastirma matrisini ve Tablo 7
RO ana kriteri ile alt kriterleri arasindaki karsilastirma matrisini gostermektedir.

Tablo 6. Ana Kriterlerin En Uygun RES-Yogun Bélge Segimi igin ikili Karsilastirma Matrisi

DURU

ANA RO Ei i SF KF rij w; (ORT) NORMAL
RO 10 10 10|40 50 60|30 40 50|50 60 70|30 40 50| 28 344 402|036 051 069 | 052 0,52
Ei 02 02 03|10 10 10|20 30 40|30 40 5010 10 10( 100 1,19 138 |0,13 0,18 0,24 | 0,18 0,18
Ti 02 03 03|03 03 05|10 10 10|30 40 50|10 10 10| 068 080 096 |0,09 012 017 | 0,12 0,12
SF 01 02 02|02 03 03|02 03 03|10 10 10|03 02 02| 027 029 033|003 004 006 | 004 0,04
KF 02 03 03|10 10 10|10 10 10(60 50 40|10 10 10| 104 105 106 |013 015 0,18 | 0,16 0,14

TOPLAM 582 677 7,75 1

Tablo 6'da gorildugu gibi tretim icin RES-Yogun bdlge seg¢iminde RO ana kriteri 6ne gikmistir. Tablo
7 bu ana kriterin alt kriterleri arasindaki ikili kargilagtirma matrisini gostermektedir.

Tablo 7. RO Ana Kriterinin Alt Kriterlerinin igin ikili Kargilagtirma Matrisi

DURU

RO Go Ro Do ri W (ORrT) NORMAL
Go 10 10 10|10 10 10 |40 50 60| 159 1,71 1,82 | 0,40 0,47 0,54 0,47 0,47
Ro 10 10 10|10 10 10 (3,0 40 50| 1,44 159 1,71 | 0,36 043 0,51 0,44 0,43
Do 017 020 025|020 025 033(10 10 10| 0,32 037 044 |008 010 0,13 0,10 0,10
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TOPLAM 335 3,66 3,96 1

Tablo 7’de gorildigu gibi RO ana kriterinin alt kriterleri arasinda giines ve riizgar enerjisi oranlari
bdlge segiminde daha 6ne ¢ikmaktadir. Bunlar arasinda da giines enerji orani daha éne gikmaktadir.
Bu sekilde hazirlanan 19 tablo sonucunda Tablo 8 genel agirliklandirma ve siralama dedgerlerini
gOstermektedir.

Tablo 8. Genel Agirliklandirma ve Siralama

ANA w.* ANA ALT w. ALT SILV. TUZL. IKT. w. SILV. w. TUZL. w. IKT.
Go 0,47 0,35 0,39 0,26 0,09 1,00 0,06
RO 0,52 Ro 0,43 0,50 0,21 0,29 0,11 0,05 0,06
Do 0,10 0,37 0,38 0,25 0,02 0,02 0,01
Yi 0,68 0,25 0,34 0,41 0,03 0,04 0,05
Ei 0,18 Tv 0,24 0,40 0,34 0,26 0,02 0,01 0,01
Hs 0,08 0,32 0,32 0,36 0,005 0,005 0,005
; Ar 0,65 0,45 0,35 0,20 0,04 0,03 0,02

T 0,12
Ts 0,35 0,26 0,34 0,40 0,01 0,01 0,02
SE 004 Bi 0,85 0,22 0,33 0,45 0,01 0,01 0,02
Sk 0,15 0,36 0,34 0,30 0,002 0,002 0,002
Ty 0,48 0,28 0,33 0,39 0,02 0,02 0,03
KF 0,14 Py 0,32 0,28 0,28 0,44 0,01 0,01 0,02
U 0,20 0,30 0,30 0,40 0,01 0,01 0,01
TOPLAM 0,37 0,32 0,31
SIRALAMA 1. 2. 3.

*w: agirhgn belirtir.

Tablo 8'de goruldigu gibi Silivri Bdlgesi belirlenen ana ve alt kriterler arasinda Uretim i¢in RES-Yogdun
bdlge seciminde en uygun bdlge olarak belirlenmistir. Bazi bulgular ve bunlarin dogrulugu bir sonraki
boélimde ele alinmistir.

5. Bulgular ve Tartigsma

Bu kisimda sadece nihai siralama sonucu degil bazi ara degerler de tartismaya acilmigtir. Ornek
olarak ana kriter puanlamasinda uzmanlarimiz RO’yu en yiksek olarak puanlamistir. Cinkd ana
kriterlerin ikili karsilagstirmasinda hedef en yogun RES bdlgesini se¢cmektir. Dolayisiyla bu yiuksek oran
diger agirliklarla da carpilarak siralamaya etki etmistir. Ornegin, bagka yénden bakildiginda KF ana
kriteri altinda Ikitelli Bolgesi ilk sirada puan almistir. Ancak genelde RES oran yiiksekligi
amagclandigindan toplamda birinci olamamistir. Tablo 9 bunun gibi durumlari analiz etmektedir ve alt
kriter agirliklarindaki farkli siralamalari gostermektedir.

Tablo 9. Alt Kriterlerde Bdlge Siralamasi Analizi

ANA w.* ANA ALT w. ALT SILV. TUZL. IKT. w.SILV. w.TUZL. w.IKT.
Go 0,47 0,35 0,39 0,26 0,09 1,00 0,06
RO 0,52 Ro 0,43 0,50 0,21 0,29 0,11 0,05 0,06
Do 0,10 0,37 0,38 0,25 0,02 0,02 0,01
TOP. 1,22 (1) 0,98 (2.) 0,80 (3.
Yi 0,68 0,25 0,34 0,41 0,03 0,04 0,05
Ei 0,18 Tv 0,24 0,40 0,34 0,26 0,02 0,01 0,01
Hs 0,08 0,32 0,32 0,36 0,005 0,005 0,005
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TOP. 0,97 (3.) 1,00 (2.) 1,03 (1)
i Ar 0,65 0,45 0,35 0,20 0,04 0,03 0,02
T 0,12
Ts 0,35 0,26 0,34 0,40 0,01 0,01 0,02
TOP. 0,70 (1.) 0,69 (2.) 0,60 (3.)
i 0,85 0,22 0,33 0,45 0,01 0,01 0,02
SF 0,04 Bi
Sk 0,15 0,36 0,34 0,30 0,002 0,002 0,002
TOP. 0,58 (3.) 0,67 (2.) 0,75 (1)
Ty 0,48 0,28 0,33 0,39 0,02 0,02 0,03
KF 0,14 Py 0,32 0,28 0,28 0,44 0,01 0,01 0,02
U 0,20 0,30 0,30 0,40 0,01 0,01 0,01
TOP. 0,86 (3.) 0,91 (2) 1,23 (1)

Tablo 9'un amaci ana ve alt kriterlerin adirlik etkisi olmadan sadece bdlge bazl degerlendirmeleri ayri
ayri ele alabilmektir. Gériildiigiui gibi genel siralamada son sirada ¢ikan ikitelli Bélgesi ekonomik
imkanlar ya da konum faktorleri gibi bazi alanlarda ilk siradadir. Bunun bilinen sebebi diger iki bélgeye
gore sehir merkezine ¢ok daha yakin olmasi ve farkli imkanlara, konumlara erigebilmesidir. Buna
benzer olarak sosyoekonomik imkanlarda da bdlgesel istihdamin ylksek agirhgi ile 6ne ¢ikmistir. Yine
merkeze yakin olmasiyla ilgilidir. Bir diger elde, Silivri Bolgesi esasen teknik imkanlar alaninda
ikitell’den énde olmasa da arazi bakimindan en uygun yer oldugu bilinmektedir. Bu kriter de bu
bolgeyi 6ne tasimistir. Bu gibi farkli gikarimlar da yapilabilir.

Buna ek olarak galismanin amaci RES orani ve potansiyeli yogun bolgeyi segcmektir. Dolayisiyla
segilen boélgenin gergek durumla iligkisini analiz etmek i¢in bu ilgelerin glines ve rizgar yogunlugu belli
kaynaklardan elde edilmistir. Bu baglamda Tablo 9 gergek verilere dayali olarak riizgar, Tablo 10 ise
gunes RES oranlar ve potansiyelini gdéstermektedir.

Tablo 9. istanbul ilgeleri Riizgar RES Kurulu Gligleri [42]

.. . s . _ Kurulu Siralama FAHP
BOLGE ILCE Santral Ismi Firma Ismi Giic (MW) Siralamasi
CATALCA Istanbul RES Universal Wind Enerji 200 MW
SILE Omerli RES Erciyes Anadolu Holding 100 MW
CATALCA Catalca Riizgar Santrali Sanko Enerji 93 MW
SILIVRI Silivri Riizgar Santrali Eksim Enerji 63 MW
CATALCA Hacibey RES Kivang Enerji 51 MW
SILIVRI Canta Riizgar Santrali Erciyes Anadolu Holding 50 MW
SiLiVRIi CATALCA YamagtePe 2 RES . Sancak Enerj.i. 30 MW
2da CATALCA Aydos Riizgar Santrali Serbest Enerji ) 14 MW
y ATALCA ataltepe RES Siiper Elektrik Uretim 10 MW 1. 1.
Yak
2_1_ n CATALCA Kiiptepe Riizgar Santrali Nokta Yatirim Holding 10 MW
Bolge SILIVRI Mahmut Sevket Pasa RES Pasa Enerji 8,00 MW
SILIVRI Tepe Riizgar Santrali Teperes Elektrik 5,85 MW
SILIVRI Gazi RES Ar1 En Elektrik Uretim 5,00 MW
SILIVRI Sakarbayir RES Ar1 En Elektrik Uretim 3,00 MW
SILIVRI Ertan RES Ertan Enerji Elektrik 3,00 MW
Uretim
B.CEKMECE Ayyildiz Enerji RES Ayyildiz Enerji 0,50 MW
Y.A* CATALCA Salteks Tekstil Catalca RES ~ Salteks Tekstil 2,35 MW
Y.A. SILIVRI Kavak Tekstil istanbul RES ~ Kavak Tekstil 1,00 MW
YA SILIVRI Goksular Un RES Goksular Un 1,00 MW
Y.A. CATALCA ADC Saglik RES ADC Saghk 0,75 MW
YA. CATALCA  Lerkos Baraji Riizgar iBB 0,50 MW
Santrali
SILIVRI RUZGAR RES TOPLAM 65 }\/3/\5/ 651,95 0,50
TUZLA  USKUDAR Silivri Riizgar Santrali Eksim Enerji 63 MW 3 3
ya da SILE Sile RES Tiirkerler Holding 50 MW ) )
Eé'l'll(m TUZLA RUZGAR RES TOPLAM 113 MW 113 0,21
Olge
G.PASA Gaziosmanpasa RES Oz-Yel Elektrik Uretim 50 MW
. . G.PASA Tayakadin RES Fina Enerji 50 MW 2. 2.
IKITELLI G.PASA Kemerburgaz RES Alto Holding 33 MW
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ya da Bogazici Universitesi
Yakin SARIYER Saritepe Kampiist Bogazigi Universitesi 0,90 MW
Bolge Riizgar Santrali
IKITELLI RUZGAR RES TOPLAM 133;\;3/3 133,90 0,29
FAHP - GERCEK VERi KORELASYONU %97,23

*Y.A.: Yapim Asamasinda

Tablo 9'da gériildiigi gibi Istanbul OSB’lerinde en yogun riizgar RES orani bes kat farkla farkla Silivri
Bolgesi’ndedir. Diger iki OSB birbirine ¢ok yakin degerdedir ve FAHP siralamasi da gergek verileri
yakalamistir. Tablo 9’'un altindaki yiksek korelasyon deg@eri bunu ifade etmektedir. Pearson’a [43]
g6re 0,90-1,00 arasindaki degerler “gok yiksek iligki” olarak tanimlanir.

Tablo 10. istanbul ilgeleri Giines RES Kurulu Giigleri [44]

BOLGE*  ILCE Santral ismi Firma ismi Gl’f;‘g‘;;,) Swralama Slr‘;‘l‘:::aﬂ
TUZLA  ATASEHIR Yeditepe Universitesi GES ~ Yeditepe Universitesi 1,00 MW
ya da PENDIK Teknopark Istanbul GES Teknopark Istanbul 0,46 MV
CEKMEKOY Ozyegin Universitesi GES Fina Enerji 0,35 MW
Yakin USKUDAR Ozel ASFA GES Ozel ASFA Okullart 0,041 MW 1. 1.
Bolge UMRANIYE Anel is Merkezi GES Anel Enerji 0,027 MW
TUZLA Fronius inverter istanbul F. inverter istanbul 0,008 mw
Y.A. TUZLA Tuzla Selale Park GES iBB 0,55 MW
TUZLA GUNES RES TOPLAM 2,436 MW 2,436 0,39
SiLivRi  B-CEKMECE B.gekmece Golii Yiizer GES ~ IBB . 0,24 MW
ya da ARNAVUTKOY  Samson Ol¢ii GES Samson Ol¢ti 0,17 MW
ARNAVUTKOY  Aktas Akinc Tekstil GES Aktas Akinc Tekstil 0,10 MW 2. 2.
Yakin  cararca Osman Muzaffer T. GES Osman Muzaffer T. 0,005 MW
Bolge SiLiVRI GUNES RES TOPLAM 0,515 MW 0,515 0,35
IKITELLI IKITELLI ikitelli Termal GES 0,50 MW
yada EYUPSULTAN Eyip Belediyesi GES Eyip Belediyesi 0,037 MW 3. 3.
Yakin K.CEKMECE IETT Ikitelli Fabrikas1 GES IETT IKkitelli Fabrikasi 0,009 MW
Bolge IKITELLI GUNES RES TOPLAM 0,46 MW 0,46 0,26
FAHP - GERCEK VERi KORELASYONU %75,33

*Istanbul'daki diger lisanssiz GES'ler (gesitli firmalar): 21 MW

Tablo 10°da gérildigu gibi istanbul OSB’lerinde en yogun giines RES orani riizgar oranindaki gibi bes
kat farkla Tuzla Boélgesi’ndedir. Diger iki OSB birbirine ¢ok yakin degerdedir ve FAHP siralamasi da
gercek verileri yakalamistir. Tablo 10’'un altindaki orta Ustl ve yuksek korelasyon degeri bunu ifade
etmektedir. Pearson’a [43] gére 0,70-0,89 arasindaki degerler “yuksek iliski” olarak tanimlanir.

6. Sonug

Bu calisma literatiirdeki en uygun RES S ya da RES FLS cgalismalarindan daha baska bir amag
gltmektedir. Normal FLS literatliriindeki galigmalari RES S ve RES FLS literaturiindeki ¢alismalarla
birlikte ele alip uretim yapan firmalar igin yeni bir 6éneri sunmaktadir. Bu 6neri firmalari RES-Yogdun
bolgelerde Uretim yapmaya tesvik etmektir. Bu baglamda ¢alisma (g alternatif istanbul OSB’si iginden
RES-Yogun bdlgeyi FAHP ile segmeyi amacglamaktadir. Ancak RES-Yogun bolgeleri secerken normal
FLS literatiriinden de faydalanarak konum, ekonomik faktérler gibi durumlari da ele almistir. Bunun
icin belirtilen Ug literatirden MCDM ydntemleri ile yapilan ¢alismalar icinden 6 ana kriter ve 17 alt kriter
belirlemistir. Bu kriterler arasindan 5 ana kriter ve 13 alt kriteri FAHP’In yapisinda kullanmigtir. Sonu¢
olarak alternatif OSB bdlgesi olarak Silivri Bolgesi secilmistir. Bu sec¢im isleminin detaylari bulgular ve
tartisma boliiminde ele alinmistir. Oyle ki, bdlgesel istihdam ya da ekonomik imkanlar gibi alanlarda
ikitelli Bélgesi, teknik imkanlar gibi alanlarda Tuzla Bélgesi 6ne ¢ikmistir ancak RES segiminde genel
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olarak Silivri Bolgesi 6n planda kalmistir. Son olarak FAHP yapisinin gergek RES oranlar ya da
potansiyeli verilerini ylksek iliskili korelasyonlarla yakaladigi gézlenmistir. Boylece ¢alisma 2023 igin
hedeflenen %30 RES oraninin Ustiine ¢ikabilmis Turkiye icin literatiire birgok katki saglamaktadir.

KAYNAKLAR

[1] World Economic Forum, “Energy Transition: These Regions Produce A Lot of Carbon Emissions -
Here’'s What They Plan to Do About It” Agustos 2022.
https://www.weforum.org/agenda/2022/08/electricity-capacity-power-renewable-energy/

[2] International Energy Agency, “Word Energy Outlook 2022: Chapter 1. Overview and Key
Findings” Ekim 2022.
https://www.iea.org/reports/world-energy-outlook-2022

[3] SEKERCI A. Ziibeyr, “Investigation of The Effect of Increased CO. Gas Emissions on
Temperature Levels in Turkey: An Application with ANFIS and Linear Regression” 2st Rumeli
Energy and Design for A Sustainable Environment Symposium, Hali¢, February 17 — 18, 2022:
169-181.

[4] International Energy Agency, “Renewables 2022: Chapter 1. Renewable electricity” Aralik 2022.
https://www.iea.org/reports/renewables-2022

[5] Enerji Atlasi, “Tiirkiye Elektrik Uretimi” 2022.
https://www.enerjiatlasi.com/elektrik-uretimi/

[6] TMMOB Elektrik Miihendisleri Odasi, “2023'TE HEDEF YUZDE 30 YENILENEBILIR ENERJI
(MILLIYET)” Mayis 2013.
https://www.emo.org.tr/genel/bizden_detay.php?kod=98075

[7] THEODOROU Savvas, FLORIDES Georgios, TASSOU Savvas, “The Use of Multiple Criteria
Decision Making Methodologies for the Promotion of RES Through Funding Schemes in
Cyprus,Are View” Energies, Cilt 38, Sayi 12, Sf. 7783-7792, 2010.

[8] ONUT Semih, EFENDIGIL Tugba, KARA S. Soner, “A Combined Fuzzy MCDM Approach for
Selecting Shopping Center Site: An Example from Istanbul, Turkey” Expert Systems with
Applications, Cilt 37, Sayi 3, Sf. 1973-1980.

[91] SADEGHI Arash, LARIMIAN Taimaz, MOLABASHI Ali, “Evaluation of Renewable Energy
Sources for Generating Electricity in Province of Yazd: A Fuzzy MCDM Approach” Procedia -
Social and Behavioral Sciences, Cilt 62, Sayi 3, Sf. 1095-1099, 2012.

[10] AYDIN Yasar, “Bulanik Topsis Ve Vikor Yontemi Kullanilarak Rizgéar Enerjisi Santral Yer Sec¢imi”
T.C. Yildiz Teknik Universitesi, Fen Bilimleri Enstitlisii, Yiiksek Lisans Tezi, 66, 2013.

[11] KENGPOL Athakorn, RONTLAONG Piya, TUOMINEN Markku, “A Decision Support System for
Selection of Solar Power Plant Locations by Applying Fuzzy AHP and TOPSIS: An Empirical
Study” Journal of Software Engineering and Applications, Cilt 06, Sayi 09, Sf. 470-481, 2013.

[12] KABIR Golam, SUMI R. Sultana, “Power Substation Location Selection Using Fuzzy Analytic
Hierarchy Process and PROMETHEE: A Case Study from Bangladesh” Energy, Cilt 72, Sf.
717-730, 2014.

[13] NOOROLLAHI Ehsan, FADAI Dawud, SHIRAZI M. A kbaarpour, GHODSIPOUR S. Hassan,
“Land Suitability Analysis for Solar Farms Exploitation Using GIS and Fuzzy Analytic Hierarchy
Process (FAHP)—A Case Study of Iran” Energies, Cilt 9, Sayi 8, Sf. 643-667, 2016.

[14] DAMGACI Elif, BORAN Kurtulug, BORAN Fatih Emre, “Sezgisel Bulanik TOPSIS Ydntemi
Kullanarak Turkiye’'nin Yenilenebilir Enerji Kaynaklarinin Degerlendiriimesi” Politeknik Dergisi, Cilt
20, Sayi 3, Sf. 629-637, 2017.

[15] WANG Chai-Nan, HUANG Ying-Fang, CHAI Yu-Chien, NGUYEN V. Thanh, “A Multi-Criteria
Decision Making (MCDM) for Renewable Energy Plants Location Selection in Vietham under a
Fuzzy Environment” Applied Sciences, Cilt 8, Sayi 11, Article Number: 2069, 2018.

[16] DUMAN M. Hilmi, “Bati Akdeniz Boélgesinde Glines Enerjisi Santrali igin Kurulus Yeri Segimi”
Akdeniz Universitesi, Sosyal Bilimler Enstitiist, Yiksek Lisans Tezi, 81, 2018.

[17] ISHFAQ Sarmad, ALl Saad, ALI Yousaf, “Selection of Optimum Renewable Energy Source for
Energy Sector in Pakistan by Using MCDM Approach” Process Integration and Optimization for
Sustainability, Cilt 2, Sayi 8, Sf. 61-71, 2018.

135



https://www.weforum.org/agenda/2022/08/electricity-capacity-power-renewable-energy/
https://www.iea.org/reports/world-energy-outlook-2022
https://www.iea.org/reports/renewables-2022
https://www.enerjiatlasi.com/elektrik-uretimi/
https://www.emo.org.tr/genel/bizden_detay.php?kod=98075

3. RUMELI SURDURULEBILIR GEVRE IGCIN ENERJi VE TASARIM SEMPOZYUMU

3rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
2-3 Subat 2023 / February 2-3, 2023

Silivri, ISTANBUL

[18] DARANI S. Kazani, ESLAMI A. Akbari, JABBARI Mona, ASEFi Hossein, “Parking Lot Site
Selection Using A Fuzzy AHP-TOPSIS Framework in Tuyserkan, Iran” Journal of Urban Planning
and Development, Cilt 144, Sayi 3, Article Number: 04018022, 2018.

[19] DOGAN Hatice, ULUDAG A. Serhat, “Yenilenebilir Enerji Alternatiflerinin Degerlendirilmesi ve
Uygun Tesis Yeri Secimi: Turkiye’'de Bir Uygulama” Cilt 14, Sayi 2, Sf. 157-180, 2018.

[20] GUCER Berkcan, “Tesis Yeri Segiminde Cok Kriterli Karar Verme Yéntemi ve Cam Sanayi
Kurulusu icin Bir Ornek” Toros Universitesi, Fen Bilimleri Enstitiisii, Yilksek Lisans Tezi, 81,
2018.

[21] SOLANGI Y. Ahmed, TAN Qingmei, MIRJAT N. Hussain, ALI Sharafat, “Evaluating the Strategies
for Sustainable Energy Planning in Pakistan: An Integrated SWOT-AHP and Fuzzy-TOPSIS
Approach” Journal of Cleaner Production, Cilt 236, Sayi 2, Article Number: 117655, 2019.

[22] CAN Goékhan, YUCEL M. Ali, “Cografi Bilgi Sistemleri ve Analitik Hiyerarsi Prosesi Kullanarak
Riizgar Enerji Santralleri igin Yer Tespiti’ TMMOB Harita ve Kadastro Miihendisleri Odasi 17.
Turkiye Harita Bilimsel ve Teknik Kurultay, Ankara, Tulrkiye, 25 - 27 Nisan 2019, Sf.1-7, 2019.

[23] AMMAR Hachemi, BENBAHA Noureddine, BOUKEBBOUS S. Eddine, “Siting Analysis of PV
Water Pumping System Using GIS-Based Fuzzy Analytic Hierarchy Process” 4th International
Conference on Power Electronics and Their Applications (ICPEA), Sf. 1-5, 2019.

[24] KARAKUL A. Kayahan, “Bulanik AHP Yéntemi ile Yenilenebilir Enerji Kaynagi Secimi” Bingdl
Universitesi Sosyal Bilimler Enstitiisii Dergisi, Cilt 10, Say 19, Sf. 127-150, 2020.

[25] DERSE Onur, YONTAR Emel, “SWARA-TOPSIS Yontemi ile En Uygun Yenilenebilir Enerji
Kaynaginin Belirlenmesi” Endistri Mihendisligi Dergisi, Cilt 31, Sayi 3, Sf. 389-410, 2020.

[26] ANDERLUH Alexandra, HEMMELMAYR Vera, RUDIGER Dag, “Analytic Hierarchy Process for
City Hub Location Selection — The Viennese Case” Transportation Research Procedia, Cilt 46, Sf.
77-84, 2020.

[27] VAGIONA Dimitra, “Comparative Multicriteria Analysis Methods for Ranking Sites for Solar Farm
Deployment: A Case Study in Greece” Energies, Cilt 14, Sayi 24, Article Number: 8371, 2021.

[28] URFALI Tugrul, EYMEN Abdurrahman, “CBS Ve AHP Yéntemi Yardimiyla Kayseri ili Orneginde
Ruzgar Enerji Santrallerinin Yer Segimi” Geomatik Dergisi, Cilt 6, Sayi 3, Sf. 227-237, 2021.

[29] KOMCHORNRIT Kraisee, “Location Selection of Logistics Center: A Case Study of Greater
Mekong Subregion Economic Corridors In Northeastern” ABAC Journal Assump University, Cilt
41, Sayi 2, Sf.137-155, 2021.

[30] GUNER E. Deniz, TEKIN Senem, CILEK Ahmet, CILEK M. UNAL, “Giines Enerjisi Santrali icin
Uygun Alanlarin CBS Tabanli AHP Yéntemi ile Belirlenmesi: Mersin ili Ornegi” Cukurova
Universitesi Miihendislik Fakultesi Dergisi, Cilt 36, Sayi 1, Sf. 11-24, 2021.

[31] ABDEL-BASSET Mohamed, GAMAL Abduallah, CHARKRABORTTY R. Kumar, RYAN
MICHAEL, “Evaluation Approach for Sustainable Renewable Energy Systems Under Uncertain
Environment: A Case Study” Renewable Energy, Cilt 168, Say1 12, Sf. 1073-1095, 2021.

[32] NONG T. Nhu-Mai, “A Hybrid Model for Distribution Center Location Selection” The Asian Journal
of Shipping and Logistics, Cilt 38, Sf. 40-49, 2021.

[33] BILGIC Sezi, TORGUL Belkiz, PAKSOY Turan, “Sirdirilebilir Enerji Yénetimi icin BWM Yéntemi
ile Yenilenebilir Enerji Kaynaklarinin Degerlendiriimesi” Verimlilik Dergisi, Say1 2, Sf. 95-110,
2021.

[34] XUAN H. Ao, TRINH V. Vu, TECHATO Kuaanan, PHOUNGTHONG Khampe, “Use of Hybrid
MCDM Methods for Site Location of Solar-Powered Hydrogen Production Plants in Uzbekistan”
Sustainable Energy Technologies and Assessments, Cilt 52, Sayl 2, Article Number: 101979,
2022.

[35] OZTAS Omer, “Giines Pv Enerji Santrali Yer Segimi icin CBS’ye Dayali Hibrit Bir Yaklagim” T.C.
Necmettin Erbakan Universitesi, Fen Bilimleri Enstitiisii, Yliksek Lisans Tezi, 55, 2022.

[36] SARKODIE W. Ofori, OFOSU E. Antwi, AMPIMAH B. Chris, “Decision Optimization Techniques
for Evaluating Renewable Energy Resources for Power Generation in Ghana: MCDM Approach”
Energy Reports, Cilt 8, Sf. 13504-13513, 2022.

[37] SAATY L. Thomas, “The Analytic Hierarchy Process in Conflict Management” The International
Journal of Conflict Management, Cilt 1, Sayi 1, Sf. 47-68, 1990.

[38] Buckley J. J., “Fuzzy Hierarchical Analysis” Fuzzy Set Systems, Cilt 17, Sf. 243—-247, 1985.

136



3. RUMELI SURDURULEBILIR GEVRE IGCIN ENERJi VE TASARIM SEMPOZYUMU

3rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
2-3 Subat 2023 / February 2-3, 2023

Silivri, ISTANBUL

[39] SEKERCI A. Ziibeyr, AYDIN Nezir, “A Stochastic Model for Facility Locations Using the Priority of
Fuzzy AHP” Sigma Journal of Engineering and Natural Sciences, Cilt 40, Sayi 3, Sf. 649-662,
2022.

[40] YAZIR Devran, TEKEL Yusuf, “Tirkiye, ingiltere Ve Cin Halk Cumhuriyeti (CHC) Uggeninde
Denizcilik Kimelenmelerinin Bulanik AHP Yoéntemi ile Analizi” Denizcilik ve Lojistik Arastirmalari
Dergisi, Cilt 4, Sayi 2, Sf. 181-208, 2022.

[41] AYDIN Elif, CAGIL Giiltekin, “Bulanik AHP ve Bulanik Hedef Yaklasimi ile Hammadde Tedarikgisi
Secimi” Insan ve Toplum Bilimleri Arastirmalari Dergisi, Cilt 9, Sayi 5, Sf. 3568-3597, 2020.

[42] Enerii Atlasi, “istanbul Riizgar Enerijisi Potansiyeli Haritasi” 2022
https://www.enerjiatlasi.com/ruzgar-enerjisi-haritasi/istanbul

[43] SEKERCI A. Ziibeyr, YAZICIOGLU O. “AHP Yoéntemi ile Tedarikci Secimi: Gida Sektoriinde Bir
Uygulama” Al Farabi Uluslararasi Sosyal Bilimler Dergisi, Cilt 3, Say 2, Sf. 23-41, 2019.

[44] Enerii Atlasi, “istanbul Glines Enerjisi Potansiyeli Haritas1” 2022
https://www.enerjiatlasi.com/gunes-enerjisi-haritasi/istanbul

OZGEGMIS
Abdullah Ziibeyr SEKERCI

1992 yilinda Istanbulda dogdu. lIstanbul Ticaret Universitesi Muhendislik Fakiiltesi Endustri
Muhendisligi Bélimi'nden 2016 yilinda mihendis unvaniyla mezun oldu. 2019 yilinda Istanbul Ticaret
Universitesi Fen Bilimleri Enstitiisi'nden "Yiiksek Miihendis" unvanini aldi.

Halen Yildiz Teknik Universitesi Fen Bilimleri Enstitlisi Endistri Mihendisligi Bélimi'nde doktora
calismalarina devam etmektedir. istanbul Rumeli Universitesi Miihendislik ve Doga Bilimleri Fakiiltesi
Endustri Muhendisligi Bolumd'nde Arastirma Goérevlisi olarak goérev yapmaktadir. Tedarik zinciri ag
tasarimi, enerji Uretim-dagitim optimizasyonu, stokastik modelleme ve bulanik karar verme yontemleri
ile optimizasyon alanlarinda galigmaktadir.

137


https://www.enerjiatlasi.com/ruzgar-enerjisi-haritasi/istanbul
https://www.enerjiatlasi.com/gunes-enerjisi-haritasi/istanbul

3. RUMELI SURDURULEBILIR CEVRE ICIN ENERJI VE TASARIM SEMPOZYUMU

3rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
2-3 Subat 2023 / February 2-3, 2023

Silivri, ISTANBUL

RESTORAN iSLETMELERINDE SURDURULEBILIRLIK VE
ENERJI TASARRUFU

Dogukan BAYESEN

Orcid ID: 0000-0001-7697-7051
Mustafa Oguzhan Ercan

Orcid ID: 0000-0001-5498-0591
istanbul Rumeli Universitesi

OzZET

Bu calismada restoran igletmelerinde suirdurulebilirflik uygulamalari ele alinarak acgiklanmistir.
Calismanin amaci restoran isletmelerinde sirdurlebilirlik ve enerji tasarrufu konularina dikkat gekmek
ve sektor paydaslarini bilgilendirmektir. Restoran isletmelerinde sirdurulebilirlik uygulamalar yiyecek
icecek, yap! ve tasarim, mobilya ve malzeme ile kurumsal sosyal sorumluluk olmak Uzere dérde
ayrilmaktadir. Calismada so6ziu edilen uygulamalar detaylica anlatilarak surdurilebilir restoran
isletmelerine dikkat c¢ekilmekte ayrica bu uygulamalarin restoran isletmelerinde gergeklestirime
alanlarindan  bahsedilmektedir. Ayrica ¢alismada restoran igletmelerinde  surdirdlebilirlik
uygulamalarinin avantajlari ve 6nemine deginilerek enerji tasarrufunun gevre ve ekonomiye katkisi da
aciklanmistir. Yapilan literatir taramasi neticesinde restoran isletmelerinin surdirulebilirlik uygulamalar
alanlarinin oldukga genis oldugu ve bu uygulamalarin dogru bir sekilde yurutilmesiyle gevreye olumlu
geri donus saglayacadi sonuglarina ulasiimistir.

Anahtar Kelimeler: Restoran isletmeleri, Strdurulebilirlik, Enerji, Enerji tasarrufu.

1. Giris

Sanayi Devriminden sonra gergeklesen endustrilesme hareketleriyle birlikte, gelismis ve gelismekte olan
ulkeler gevre sorunlariyla kargi karsiya kalmistir [1]. Kiresel isinma, iklim degisiklikleri, deniz kirliligi,
gurdlta kirliligi ve hava kirliligi sebepleriyle gelece@imizin tehdit altinda olmasi insanoglunu cesitli
Onlemler alma gerekliligine itmistir. Bu kapsamda bir¢ok etkinlik diizenlenmis ve konu tzerine dikkat
cekilmeye cahsiimistir [2]. Bu sorunlara dikkat gekmek amaciyla 1987 yilinda yayinlanan Brundtland
raporu surdurulebilirligin dneminden bahsederek kaynaklarin korunmasi ve cgevreyle ilgili limitlerin
belirlenmesi gibi strddrulebilirligin temel ilkelerini ortaya ¢ikarmistir [2, 3]. SUrdurdlebilirlik kavramini,
guinimaz ihtiyaclarini gelecek nesilleri etkilemeyecek veya onlari ihtiyaclarindan mahrum birakmayacak
kosullarla gidermek olarak tanimlamak mumkuindur [4].

Giderek buylyen bir sorun haline gelen cgevre kirliligi, kiresel isinma ve iklim degisiklikleri gibi
insanoglunun gelecegini kotu etkileyebilecek problemlerin temel sebebidir. Bu sorunlarin artmasindaki
nedenlerden biri fosil yakitlar olan petrol ve kdmdur gibi kaynaklarin enerji olarak tuketimidir [5]. Enerji
kavramini ise herhangi bir isi yapabilme yetenegi olarak tanimlamak muimkindidr. Bu yetenegi
kullanmak icin gerekli olan materyaller ise enerji kaynagi olarak tanimlanmaktadir. Enerji kaynaklari
donustirulebilirliklerine ve kullaniglarina gore ikiye ayrilmaktadir [6]. Cevre sorunlarina sebebiyet
vermesi enerji kaynaklarinin ana karakteristik 6zelligidir [7].

Ancak yine de tim enerji kaynaklari gevre sorunlarina sebebiyet vermemektedir. Yenilenebilir eneriji
kaynaklari olarak bilinen riizgér, giines, biyo-kltle, hidrolik, hidrojen, gel-git ve jeotermal enerji herhangi
bir cevre sorununa neden olmamaktadir. Bu noktada adi gegen kaynaklar sirdurulebilirligi saglamak
adina énemli bir ara¢ olarak goértulmektedir [6].

insan ihtiyaclarinin artmasiyla degisim gdstererek gelisen restoran isletmeleri enerji tilkketiminin fazla
oldugu yerlerden biridir. Maliyet hesaplamalari yapildiginda enerji harcamalarinin personel ve yiyecek-
icecek maliyetlerinden sonra 3. sirada yer aldi§i gorilmekte ve bu durum enerji tiketiminin énemli
boyutlarda oldugunu gostermektedir [5, 8].
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Bu galismada restoran isletmelerinde surdurulebilirlik ve enerji tasarrufuna yonelik hangi faaliyetlerin
gerceklestirildigine dair detayli bir alan yazin incelemesi yapilarak mevcut durum degerlendirilmistir.
Ayni zamanda ¢alisma igerisinde surdirulebilir enerji ve enerji tasarrufu hakkinda detayli bilgilere yer
verilmigtir.

2. Restoran igletmeleri

ilk olarak sifa vermek amaciyla gorba servisi yapilan, daha sonra yemek servisine evirilerek yiyecek
icecek isletmelerine déonidsen mekanlar restoran olarak tanimlanmaktadir. Restoran, kelime anlami
olarak iyilestirme ve onarma anlamini tagsimaktadir. Ginumuzde ise bir isletmenin restoran olarak
tanimlanmasi igin belirli kosullari saglamasi gerekmektedir. Bu kosullar ise sunlardir:

= Her musteri icin 6zel olarak masa ve sandalyenin bulunmasi,

= Corbasindan tatlisina kadar bir menudsindn bulunmasi,

= Her bir Grindn ayri ayr fiyatlandiriimasi ve

= Sipariglerin sirasiyla alinip sirasiyla teslim edilmesidir [9].
Ulkemizde ise restoranlar genellikle lokanta olarak isimlendiriimekte ve yiyecek ve iceceklerin
hazirlanarak belli bir Ucret karsiliginda satildigi yerler olarak tanimlanmaktadir [9].
Yiyecek icecek sektori sirekli gelisim gdsteren bir sektérdir. Dodal olarak birbirinden farkl ve degisken
Ozellikte yiyecek igecek isletmeleri de ¢ogalmaktadir. Ayni zamanda bu isletmeler sekil 1’de de
gosterildigi gibi yapilarina, 6zelliklerine, sunulan hizmete ve isletme belgelerine goére farkh siniflara
ayrilabilmektedir [9, 10]. Gunumuzde ise restoran isletmeleri bazi kistaslara gore
siniflandirilabilmektedir. Uluslararasi olarak degerlendirilen isletmeler “Dinyanin en iyi restorani” veya
“Michelin Yildizi” gibi kistaslara tabi tutulmaktadir [11].

Sekil 1. Restoranlarin siniflandiriimasi [12].

Restoran igletmeleri icin hizmet sektérindeki diger isletmelerden farkli oldugunu séylemek yanhs
olmayacaktir. Bunun sebebi sanat, gelenekler ve hizmet deneyimlerini bir araya getirmesidir [13].
Restoran isletmeleri herkes igin ulasilabilir konumdadir ve toplumun sosyal ve kdilturel degerlerini
yansitmaktadir. Bu sebeple eneriji tasarrufu ve surdirilebilirlik konularinda topluma énculik etmektedir
[14].

3. Restoran isletmelerinde Siirdiiriilebilirlik
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Restoranlar isletmelerinde sirdurdlebilir kaynaklar oldukga gesitlidir. Yapilan bir arastirmada sekil 2'de
de goruldugu Uzere restoran isletmelerinde sirdurilebilirlik uygulamalari kapsamli bir sekilde
siniflandiriimigtir [15].

Sekil 2. Restoranlarda sirdirilebilirlik uygulamalari [15].

Suardurilebilirlik kavrami, restoran isletmelerinin mendleri agisindan degerlendirildiginde 6zellikle
yoresel yemek trendlerinin surdurilebilirligi destekledigi gorilmektedir. Dinyada milyarlarca restoran
isletmesi oldugu ve her bir restoranin karbon ayak izi disunuldiglnde yerel yiyeceklerin temini
surdurulebilirlik acisindan énemlidir. Tagimacilik alaninin neden oldugu ¢evresel sorunlara karsi yerel
drtinlerin tercihi gevreci bir restoran igletmesinin temelini olusturmaktadir [16]. Bir gida trinunin tabaga
gelene kadar 2.414,016 kilometre yol kat ettigi bilinmektedir. Bu durum hem tasimacilik sektérinin
araclardan yayilan zehirli gazlar yoluyla ¢evreye verdigi zarari hem de yerel UrUnlerin ¢evreci
restoranlar icin neden tercih edildigini agiklamaktadir. Dolayisiyla yerel Grlnlerin kullaniimasinin
ambalajlama, tasima ve dondurma gibi karbon ayak izini arttirabilecek durumlari
engelleyebilecegi gorilmektedir [17]. Diger yandan organik yiyeceklerinde guncel bir trend
konumunda olmasi sirdlrulebilirligi destekler niteliktedir [18].

Restoran isletmeleri yapisal ve tasarimsal agidan degerlendirildiginde ise kullanilan malzemeler, ulagim,
cevreye duyarlilik ve arazi kullaniminin strdurilebilirlik agisindan énemli oldugu gérilmektedir. Yapisal
agidan restoran igletmesinin  bulundugu binalarda sirdurdlebilir  malzemelerin  kullaniimasi
gerekmektedir. Ornegin geri donlstirilmiis veya geri doniisime misait yapi malzemelerinin
kullanilmasi ¢evreyi korumak adina 6nem tagimaktadir [15].

Sardurdlebilirlik agisindan énemli diger bir uygulama ise mobilya ve techizattir. Bilindigi Uzere
restoranlarin i¢ ortamlarinda temel olarak masa ve sandalyeler, kumas malzemeler ve porselen ve cam
malzemeler kullaniimaktadir. Bu agsamada urlnlerin temininde dogada ¢abuk bozulabilecek ve ¢evreye
zarar vermeyecek urlnlerin tercih edilmesi strdurilebilirlik ve gevre igin dnemlidir [19, 20].

Son olarak kurumlarin sosyal sorumluluklari, toplumlarin refah dizeylerini arttirmak amaciyla
gerceklestirilen gevreci ve doga dostu eylemler olarak tanimlanmaktadir [21].

4. Restoran isletmelerinde Enerji Tasarrufu
Yiyecek icecek sektérinin enerji tiketimi konusunda buyuk taleplerinin oldugu ve bu talebin dogru

kullanilmadigi takdirde ciddi c¢evre sorunlarina neden oldugu bilinmektedir. Ayrica restoran
isletmelerinde enerji kullanimi i¢in talebin ortalama %60 ile %70’i isitma ve sicak su kullanimi igin
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gelmektedir. isletmeler arasinda gesitlilik gosterse de ilk sirada sicak su kullanimi bulunmaktadir [22].
Sekil 3'te restoran isletmelerinde enerji kullanim oranlari gosterilmektedir.

m Sicak Su
m Istma
m Aydnlatma ve Digerleri

Sogutma

Sekil 3. Restoranlarda eneriji tiiketimi [5].

Restoran igletmelerinde enerji tasarrufunu saglamak adina bazi hususlara dikkat etmek gerekmektedir.
Bu hususlardan ilki yapisal agidan enerji tasarrufudur. Yapisal agidan degerlendirildiginde restoran
isletmelerinde enerji tasarrufu saglamak adina binanin mimarisi ve tasarimina dikkat edilmesi
gerekmektedir [23]. Bina izolasyonlari gibi basit tasarruf ydntemlerinin yani sira akilli ve yesil sistemlerin
kullaniimasi restoran isletmelerinde enerji tasarrufunu blylk Olgiide arttiracak ve gevresel sorunlara
neden olmayacak uygulamalardir [24].

Isinma harcamalarinin disurtlmesi ve enerji tasarrufunun saglanmasi igin 1sitma ortam sicakhginin en
yuksek 22 derecede sogutma isleminde ise en dislk 24 derecede tutulmasi énemlidir. Sogutma
sistemlerinin dis sicakligin 30 derecenin altinda oldugu durumlarda calistirilmamasi gerekmektedir. Bu
durum ortam sicakliginda yapilacak 1 derecelik azalmanin yakit tiiketimini ortalama olarak %6 oraninda
disurebildigi dusunuldiginde tasarrufun buydkligini gostermektedir. Gereksiz yere yapilan 1
derecelik sogjutma ise enerji tuketimini blylk oranda arttirmaktadir. Ortam sicakliginin 1 derece
dusurilmesi %6, iki derece dusurilmesi %12 ve 3 derece dislrilmesiise %18 oranlarina varan tasarruf
saglamaktadir. Bina izolasyonlari da bu noktada 6ne tagimakta ve pencere ile kapilar gibi 1s1 kaybina
neden olacak alanlarin yalitimla desteklenmesi gerekmektedir [5].

Diger bir tasarruf yolu da restoran igletmelerinde kullanilan ekipmanlarla ilgilidir. Kullanilacak elektronik
ekipmanlarin A sinifi olmasi enerji tasarrufu ve verimi arttirmaktadir [5].

5. Sonug

Restoran igletmeleri insan ihtiyaglarina goére degisim gosteren ve gelisen isletmelerdir. Endiistrilesme
ve kadinlarin is hayatina atilmasiyla birlikte sayilari artmaya baslayan restoran igletmeleri ginimuzde
turizm sektoriintin 6nemli bir pargasi haline gelmistir. Bu artisa bagl olarak eneriji tiketiminde restoran
isletmelerinin payinin arttigini séylemek mimkandir. Goruldugu uzere enerji tiketimi, diger sektorler
gibi restoran igletmeleri icinde buyuk bir gider kalemidir. Ayni zamanda enerjinin dogru kullanilmamasi
gibi etmenler c¢evreye ve dodaya buylk hasarlar vermektedir. Ginumuzde kullanilan enerji
kaynaklarinin ¢ogu fosil yakitlara baglidir. Bu durum restoran isletmelerinin ¢evreye verdidi zararin
boyutunu goézler 6niine sermektedir.

GlnUmuzde ortaya ¢ikan bir¢ok uygulama bu durumu tersine gevirmek igin bir micadeleye girmistir.
Surdurilebilirlik kavrami ve enerji tasarrufu kavramlari bu uygulamalara 6rnek olarak gosterilebilir.
Sirdurilebilirligin amaci dogaya ve c¢evreye zarar vermeden kullandigimiz kaynaklari gelecege
aktarabilmektir. Restoran igletmelerinde de sirdurilebilirligi saglamak mimkinddr. Yerel kaynaklarin
kullanilmasi bunlardan biridir. Yerel drtnlerin kullanimi tagimacilik kaynakl olusabilecek c¢evre
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zararlarini engellemektedir. Ayrica yerel ekonomiye de katki saglamaktadir. Organik Urinlerin
kullanilmasi ayni etkileri yaratmakta ayrica Urinlerin Uretildidi topraklarda kimyasal tarim ilaglar
kullanilmadigi i¢cin g¢evreyi korumaktadir. Diger taraftan kullanilan malzeme ve techizatlarinda
surdurdlebilirlik agisindan énemli oldugunu sdéylemek mimkindir. Kullanilan Granlerin dogada ¢abuk
¢6zUnUr olmasi ve zararli bir kimyasal igermemesi de surdurulebilirlik agisindan énem arz etmektedir.
Yesil binalar ve yapisal uygulamalarinda surddrulebilirflik agisindan 6nemli oldugunu sdylemek
muUmkudnddr. Bu binalarda kullanilan malzemeler ve binanin yapilacagi arazinin kullanimi gibi etmenler
surdurdlebilirligi destekler nitelikte olmalidir. Binalar kadar i¢ ortamda kullanilan malzemelerinde
surdurilebilir olmasi gerekmektedir. Ornegin plastik gibi dogaya zarar veren malzemelerin kullaniimasi
yerine dogadan ¢abuk bozularak zarar vermeyecek malzemelerin kullaniimasi gerekmektedir.

Cevre icin diger dnemli konulardan biride enerjinin dogru kullanimi ve enerji tasarrufudur. Ginimuzde
fosil yakitlardan enerji Gretiminin oldukg¢a yaygin oldugu bilinmektedir. Fosil yakitlar ¢evre i¢in oldukca
zararlidir. Dolayisiyla enerji tasarrufu fosil yakit tuketimini azaltarak hem isletme ekonomisine hem de
cevreye oldukga fayda saglamaktadir. Diger bir segenekse restoranlarin kendi yenilenebilir enerijilerini
tretmesidir. Ornegin giines enerjisinden faydalanan bir restoran hem kendi enerjisini kullanarak
ekonomisine fayda saglayabilecek hem de cevreye zarar vermeyecektir.

Sonug olarak ¢evrenin korunmasi amaciyla enerji tasarrufu saglamak biyik énem arz etmektedir. Diger
yandan surdurtlebilir restoran isletmeleri doganin dengesini korumaktadir.
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ABSTRACT

Nowadays, electric vehicles obtain the electrical energy necessary for their operation from the battery
systems which they contain. Vehicle batteries provide energy to the engine by meeting the voltage
and current values required for the engine of the electric vehicle to operate, thus enabling the vehicle
to move.

Batteries, which are responsible for providing electrical energy to the engine, release a high amount of
heat energy both during charging and while being discharged during use of the vehicle. In order for the
battery to work at the highest efficiency, to have a long life and not to cause loss of life and property,
the operating ambient temperature must be kept within a certain range. In order to achieve this, the
battery system should be managed thermally, and the battery cells should not be allowed to rise above
a certain temperature value. Battery Cooling Systems should ensure that the heat generated in the
battery is quickly discharged to the outside environment, keeping the temperature within certain limits,
and should be able to meet the tasks of uniform distribution of the cell temperatures in the battery.
With the work to be done, the performances of battery cooling systems with different designs and
features such as phase change material, heat pipe, forced convection and their different combinations
will be examined by setting up experimental setups under different operating conditions. The results
obtained will be compared both among themselves and with the numerical analysis results obtained by
modeling some designs to be determined in the Ansys program Fluent module.

Keywords: Electric Vehicle, Battery Cooling System, Phase Change Material, Heat Pipe, Heat
Transfer

1. Introduction

Today, with the increase in the total human population in the world, both energy, food and beverage
resources are limited and it seems that the available resources are insufficient. The scarcity of
resources leads to finding different alternatives for the needs of humanity. The fossil fuel process,
which started with the discovery of oil in the 19th century and its use in vehicles, led scientists to
research tools and vehicles that use different energy sources, due to the fact that the resources began
to be insufficient in the 21st century, the decrease in reserves and the inability to find new fossil
resources. In addition, the depletion of fossil fuels has motivated researchers, scientists and
industrialists to research more efficient, suitable and environmentally friendly energy sources with the
help of energy storage strategy [1]. Electric vehicle research, which is one of them, has become
widespread especially in recent years. Although the development of electric vehicles has grown rapidly
in the last ten years, the world electric vehicle stock has exceeded 5 million in 2018 with an increase of
63% compared to the previous year [2]. Despite the Covid-19 outbreak, sales of electric vehicles
increased by 43% in 2020 compared to the previous year and reached 4.6% of total vehicle sales
worldwide [3]. According to the research conducted by the Canalys research company, electric vehicle
sales will reach 30 million in 2028, and by 2030 it will reach almost half of the total number of
passenger cars sold on a global basis. [4].
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Figure 1. Annual Global Passenger Car Sales Until 2030 [4]
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Different types of rechargeable battery systems are used in electric vehicles. Some of these battery
systems are Nickel-Cadmium type batteries, Nickel-metal Hydride type batteries, Lead-acid type
batteries and Lithium-lon type batteries. Among these four types of batteries, Lithium-ion batteries
have been found to be the most suitable solution for use in electric vehicles due to their high energy
storage density, long battery life, low self-discharge rate and light weight [5].

Li-ion batteries release a high amount of thermal energy due to electrochemical reactions while being
charged or discharged during operation. Li-ion batteries generate heat due to reversible entropy,
resistive diffusion, lowering the density gradient of the battery, and chemical reactions [6]. Research
shows that the temperature of the battery should remain in the range of 15-40°C in order to benefit
from the maximum efficiency of the battery [7,8,9,10].

Power Limit A

Desired Operating
Temperature Range

Weak
Electrochemistry

Degradation

n
>

Temperature

A

Figure 2. The Effect of Temperature on Charge and Discharge Conditions in Li-ion Battery Systems
[10]

The heat produced by the battery can be removed to the outside by different methods. These systems
are called passive cooling systems if the generated heat is thrown to the outside without using energy
from the outside, and called active cooling systems if the heat is thrown to the outside using energy
from the outside. Systems created by using more than one active or passive cooling system together
are called hybrid cooling systems

Cooling with natural convection, cooling with heat pipe and cooling systems using phase change
materials (PCM) can be given as examples of passive cooling systems. For active cooling systems, air
forced convection battery cooling, liquid forced convection battery cooling and battery cooling using
thermoelectric material can be given as examples. PCM and air forced convection battery cooling
system, PCM and liquid forced convection battery cooling system, PCM and heat pipe system and
different combinations of these systems can be given as examples of hybrid cooling systems.
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Passive cooling systems or hybrid cooling systems containing completely passive cooling systems are
preferred more than active cooling systems because they can cool without consuming energy.
However, in high power requirements and high charge/discharge rates, active cooling systems or
hybrid cooling systems with an active cooling system may be required. In recent years, studies have
been carried out especially on passive hybrid cooling systems created by using phase change
materials and heat pipes, and on active hybrid cooling systems with phase change materials, heat
pipes and forced convection with air/liquid.

The cooling performance of hybrid systems created by using heat pipes and phase change materials
in the designed systems will be examined, and it is planned to compare the experimental results to be
obtained both among themselves and with the numerical analysis results obtained by modeling some
of the designs to be determined in the Fluent module of the Ansys program. In addition, this study was
presented as a doctoral thesis subject under the title of "Experimental and Numerical Investigation of
the Performance of Passive, Active and Hybrid Battery Cooling Systems Used in Electric Vehicles".

2. Design And Method

In this study, the performance of battery cooling systems with different designs will be examined
theoretically and experimentally. In order to examine and compare the performance of each design in
detail, experimental setups will be created and the results will be compared by obtaining the necessary
data.

There will be a computer, data logger, charge/discharge module, power supply and thermocouples in
the experimental setups to be established. The designed systems will consist of also battery cells,
aluminum block, pure and composite phase change material, heat pipes, fins and cooling fan. The
duties of these elements in the experimental setups are as follows;

Computer: It will be used to evaluate the data collected in the data logger.

Data Logger: Temperature values of thermocouples placed at certain points in battery cells will be
read and recorded at regular intervals.

Charge/Discharge Module: Battery cells will be charged/discharged at specified charge/discharge
rates.

Power Source: It will provide the necessary electrical energy to operate the fan.

Thermocouple: It will be used to determine the temperature distribution at certain points in the battery
module.

Metal Sawdust: It will be used to make composite PCM by mixing with phase change material in
certain proportions. Thus, it is aimed to increase the thermal conductivity of PCM.

Metal Block: It will be used in designs to increase heat transfer by placing it between the battery cell
and PCM or heat pipe. It is planned to be made of aluminum material.

Battery cells: 18650 type cylindrical Lithium-ion battery cells will be used.

Phase change material: Materials that store heat when transitioning from solid to liquid state in a
certain temperature range and can radiate this stored heat when transitioning from liquid state to solid
state. In case of an increase in battery temperature, it will be used to stop or slow down the
temperature increase of the battery by storing the heat as latent heat. The type of phase change
material used in the design has been chosen to be suitable for the efficient operation of the system
according to the melting temperature range.

Heat Pipes: These are the systems consisting of evaporator and condenser parts, taking the heat
from the evaporator part and quickly discharging it from the condenser part. The heat pipe used in the
system will be used to quickly dissipate the heat released to the outside environment. The heat pipes
are liquid fluid, made of copper material, the inner surface is porous and flat, and they are used in
different lengths.

Fins: It is a necessary system for more efficient and rapid heat transfer. In the system, the fin is used
to dissipate the heat generated in the secondary phase changing material chamber to the external
environment more quickly.

Fan: It will be integrated into the system to realize forced convection with air.
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Figure 3. Battery, Heat Pipe, PCM and Fin Used in Experiments
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Figure 4. Experimental Setup

The systems to be examined will be as follows.

a) System-1: Battery Cooling System Without Any Cooling System

This system is designed in such a way that the battery cells are cooled by natural convection without
the use of any external cooling system. This system will be evaluated as a reference system in the
study and the results obtained from other designs will be compared with this system first.
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Figure 5. System Without Any Cooling System

b) System-2: Passive Battery Cooling System Using Only PCM

The performance of the system obtained by using battery cells and phase change materials will be
examined. The PCM will be placed in the aluminum chamber to prevent leakage of the phase change
material, the chamber cover will be designed to be flexible to absorb the volume changes during the
melting and solidification of the phase change material. The cooling performance of the system will be
compared with the performances of other systems.

¢) System-3: Passive Hybrid Coil Cooling System Using Both PCM and Heat Pipe

This design will be created with battery cells, phase change materials and heat pipes, and its
temperature performance will be examined. The cooling performance of the system will be compared
with the performance of other systems.

d) System-4: Passive Hybrid Coil Cooling System Performance Using Composite PCM and
Heat Pipe

The phase change material has low thermal conductivity. In order for the heat transfer to be more
effective, the thermal conductivity of the phase change materials should be increased. One of the
ways to increase thermal conductivity is to mix the phase change material homogeneously with metal
particles with high thermal conductivity. The cooling performance of the hybrid system with composite
phase change material to be prepared in this way will be compared with the performance of other
systems.

e) System-5: Hybrid Coil Cooling System Performance Using Both a Composite PCM and a
Heat pipe and an Active Cooling System

The cooling performance of an active system with a passive system consisting of composite phase
change material and heat pipes will be examined. The cooling performance of the system will be
compared with the performances of other systems.

3. Conclusion

After the 5 different designed systems are experimentally charged at 1C, they will be discharged at
1C, 2C, 3C and 5C discharge rates, and their performances will be compared with each other and the
most suitable system in terms of cooling will be determined. While examining the cooling performance
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of the systems, both the highest temperature in the battery module and the temperature distribution
between the battery cells will be analyzed. As a result, the system with the best cooling performance
will be determined according to the maximum temperature and maximum temperature difference
graphs at different discharge rates of the systems.

In addition, it is planned to compare the numerical analysis results obtained by modeling System 1 in
the Fluent module of the Ansys program with the experimental results obtained from other designs.
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ABSTRACT

The purpose of this article is to examines the development of solid household waste management in
the European Union(EU)and Bulgaria, classification of waste, methods for determining and forecasting
their quantity, priorities, principles and hierarchy.

Waste management methods and their application by program periods are analyzed.

The legal framework, politics and economics for the purpose are presented.

Keywords:municipal solid waste(MSW)management

Key Words: Municipal solid waste(MSW)management

OzZET

Makalenin amaci, Avrupa Birligi (AB) ve Bulgaristan'da kati evsel atik yonetiminin gelisimini, atiklarin
siniflandiriimasini, miktarlarini, énceliklerini, ilkelerini ve hiyerarsilerini belirleme ve tahmin etme
yontemlerini incelemektedir.

Atik yonetimi yontemleri ve program dénemlerine goére uygulamalari analiz edilir.

Amaca ydnelik yasal gerceve, politika ve ekonomi sunulmaktadir.

Anahtar Kelimeler: Kentsel kati atik (MSW) yonetimi
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1. Introduction

The change in the style and standard of living at the end of the 20th century and the beginning of the
21st century contributed to an increase in the consumption of products and equipment for personal
use, and thanks to their constant updating and short life cycle, the amount of waste generated by each
person is constantly increasing separately. The increase in the share of solid, liquid and gaseous
waste per capita worldwide is also the result of the inefficient use of raw materials and the
reprocessing of end products. For example, in 1994, each European citizen produced an average of
460 kg of solid household waste (MSW), 500kg in 2010, then in 2020 the amount of waste increased
to 680 kg per capita. In 2010 252.1million tons of household waste were generated in the EU (2016
Eurostat application*). Bulgaria is in 9th place in the EU in terms of the amount of household waste
generated per capita in 2010 - 410kg, and in 10 years (2008-18) production waste has increased by
35%. The general trend for 15-20 years is already doubling the amount of waste. That is why the issue
of MSW treatment has become serious with the growth of cities and the industrialization of countries.
This intense increase in the amount of accumulated waste led to the deterioration of the environment
and the health of the population. Sustainable economic and social development, without affecting the
environment, required adequate waste management, an integrated system for their recovery, based
on a large number of technologies. The admission of Bulgaria to the EU in 2007 set a number of
requirements regarding the waste collection and management policy. As part of the EU, the National
Waste Management Program was renewed. The last known operational Program for Development in
Ecology from 2007-2013 adopted in Bulgaria, the politics of Bulgaria in the field of waste management
was formed in the National Program for the Management of Waste Activities 2009-2013 and National
Waste Management Plans 2014-2020 and 2021-2028 of the Ministry of Environment and Water
(Proekt_NPUO_2021-2028_11-02-2021%20(13).pdf), on which projects were implemented (NSI).
Projects in the field of solid waste management are initiated and implemented at different levels:
national, regional, municipal and projects at the level of companies and companies. As a result of the
flow and great variety of waste in the last decade, an updated classification of waste has become
necessary and arrived at for its more precise definition and management. In recent years, the
integrated approach to waste management has been adopted in Bulgaria, as the activities are within
the competence and programs of local authorities by municipality. However, as a result of the Covid-
pandemic, the uncertain political situation and the war in Ukraine in the last 2-3 years, ecology has
remained in the background.

2. Exposure
2.1. Waste Management

The classic definition of waste according to the European environmental legislation is known:
"Substance, object or part of an object, from which the owner gets rid of or intends to get rid of or is
obliged to get rid of' [1]. The classification of waste, as well as its variety and quantity, vary
depending on the respective country, the region to which it refers, as well as depending on the
components of the waste. In the EU great attention is paid to the classification of waste in order to
enable the management and use of statistical data by the community and at the national level of
each of the member countries, including Bulgaria. Depending on its origin, waste is classified into
several categories [2], and a detailed classification is presented in [3]. In practice, waste is most often
classified according to:

* the source of generation (domestic, construction, street, garden, industrial, agricultural,
animal, from waste water, destruction, mass);
Good waste management starts in the first place with the prevention of waste generation, because
after all, what is not produced should not be disposed of. A key tool used to prevent waste generation
is eco-design, which focuses on environmental issues in the conceptualization and design phase of
eco-friendly products.
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* their composition (black and colored materials, paper, glass, plastic and others);

The morphological composition for individual countries is generated within wide limits and depends
on geographical climatic conditions. The composition is also different for individual cities in the same
country as it depends on the number of the population. According to statistics, about 200 million tons
of household waste are generated annually in the EU and this amount is increasing every year. Here
are some examples of countries that show their per capita waste generation and how they manage
their waste. Annually, London (until recently in the EU) produces 4.4 million tons of household waste,
over one ton per household and recycles only 9% of it! The Danish capital Copenhagen recycles
58% of its domestic, commercial and industrial waste, incinerates 24% and only 18% goes to
landfills. As a consequence of the administrative and tax measures with which this was achieved,
waste production in Denmark is increasingly decreasing [16]. Waste from industrial sectors is
significantly more. Designated landfills are almost full and other environmentally friendly methods of
waste landfilling are expensive. Morphological composition of MSW for Bulga- ria the average
composition by location in % is shown in Table 1. as MSW for 2005 are 2.9million tons and 12 million
m3 [6]. Analysis of the data - The largest mass is occupied by paper and food waste 50-53%.
According to data from the World Health Organization (WHO), the accumulation of MSW is
5m3/inhabitant per year, and the coefficient depending on local conditions is 5%.

Table 1. Average composition of MSW by location

Morphological Population (thousands of inhabitants)
MSW composition, % Jo 50 | 50-100 | 100-150 | 150-250 | Hax 250 | Sofia N
Metals 3,8 4.4 4,6 4,8 5,2 5,5 1
Glass 5,2 43 3.6 3.4 33 3.5 2
Plastics 5,7 6.3 6,8 7.4 7.6 7.8 3
Paper 13.4 14.3 14,6 14,8 15,1 15,4 4
Food. waste 38 38 37 36 35 35 5
Building materials 1.7 4.0 4.0 3,9 3,2 1,8 6
Wood and pulp 0.8 1.3 1.3 1.8 2.2 1.6 7
Leather, rubber 1.8 2.3 2,3 33 2,2 2,1 8
Textile 2.8 2.8 2,6 2,1 1,8 1,8 9
Bones 1.6 1,5 1,4 1,1 0,8 0,6 10
Unidentified 28 20 21 23 23 24 11

waste

* the method of processing and burning (flammable, fermenting, inert);
It is evaluated by calorific value or the ability of the waste to release heat in the burning process,
kcal/lkg or kd/kg (Table 2.). The average caloric content is 700 — 2200 kcal/kg. For Sofia 1330
kcal/kg. 1 kcal = 4.1868 kJ.

Table 2. Calorie content for Bulgaria

Settlements kkal’kg
up to 50 thousand/50-100 thousand inhabitants 720/820
100-150 thousand/150-200 thousand inhabitants 860/930
150-200 thousand/200-250 thousand inhabitants 930/980

* the possibility of reuse (waste that can or is directly reused [10]);

* their degree of aggressiveness towards the environment (inert, dangerous).
Waste ceases to be considered waste if it meets the conditions in accordance with Art. 6 of [4].
Because in the EU, the most financial resources are allocated to the management of MSW (about
1/3) and their designation in the Annex to [3], it is precisely these that are considered here.
Moreover, unlike other types of waste (sewage gases, smoke, sewage, etc.), municipal solid waste
management is much more practical and can involve a large number of people. The composition of
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MSW, from a physical point of view, is heterogeneous, varying depending on the standard of living,
scientific and technical development and the development of civilization of each nation, as well as on
the specifics of geographical regions. The amount of municipal solid waste generated varies
depending on the level of urbanization of the country, the type and manner of consumption, the
standard of living and the way of life, the sector from which it is generated. The amount of MSW is
determined using the following methods [5], and the norms for Bulgaria by sites and settlements are
indicated in [6]:

1. Method based on the ecological condition index;

Ba = Round-the-clock accumulation B- (1)

365 = Kkg; m3

(where K is the coefficient of diurnal irregularity, which is the ratio of the maximum value of diurnal
accumulation to the diurnal accumulation:
K Bgmay
5,
AR S A 2

The following limits are recommended for K=1.25-1.40.The coefficient K is used to determine:

B bN
B,max=KB, =K =K-—
: 177365 365 3)

For Bulgaria in 2005: In BG = 2.9 million tons MSW; In BG = 12 million m3 of solid waste.

2. Direct gravimetric method (accumulation rate) - The rate of accumulation is the amount of solid
waste generated on the basis of an established unit of determination (1 person in a city, one
place in a hotel, one bed in a hospital, 1 m? in a shop) for a certain period of time (day and night,
year).

Accumulation rates are of two types—general and differentiated — Table 3, 4.

3. Forecasting - The forecasting of the amount of MSW is done according to the formula:

Bd=Db.N b # const. N # const. (4)

where b is the change over time —b = b (N) =bn

;s

b = .
n ]+J‘;'bu-ﬂ"

' | yeumen, 200.
, m'/inhabitant, year 5)

where bn is the rate of accumulation per 1 inhabitant, b - the rate of accumulation in the future (b. =
5ms/inhabitant per year according to WHO)

| - the base, bo - the base rate of accumulation, a - the coefficient depending on the local conditions, n
- the forecasting time in years [6].
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Table 3. Annual general norms of Bulgaria for the year 2000

Groups | General norms for the year 2000 in Bulgaria
settlements | kg/inhabitant, year m’/inhabitant, year
1| Villages 300 1,9
2| Upto 50 330 1,30
3 50-100 340 1,40
41 100-150 360 1,60
5| 150-250 380 1,70
6| over250 390 1,90
7 Sofia 410 2,10

Table 4. Differentiated norms by objects

Objects for Average annual norms Density
1 piece kg 1, dm’ kg/m’
1 Hospitals - 1 bed 230 700 330
2 Hotels - 1 bed 80 400 200
3 | Kindergartens - 1 place 70 235 300
4 Schools - 1 student 26 120 220
5 Theaters, cinemas 20 90 220
6 Institutions 50 250 200
7 Restaurants - 1 dish 20 60 300
8 Food stores. goods m” 120 460 260
9 | Shops for prom. goods m* 30 150 200
10 Markets m’ 18 36 500

Note: For hospitals, specific hospital waste (surgical materials, etc.) is not included.
According to [1], the concept of “"waste management" includes all activities of
collection,transportation, processing, utilization, disposal, including the control of these operations, as
well as the activities performed after the closure of the sites on which the treatment facilities are
located of waste and which are related to the reduction of the potential negative effect on the health
of the population, the environment or the local aesthetics. According to European legislation,
effective waste management is based on the main priorities: Preventing the generation of waste,
Recycling and reuse and Improving the conditions for disposal and monitoring of waste (Sixth EU
Environmental Action Program (2002-2012 and [1]).The principles underlying waste management
activities are: conservation of resources, preventive measures, prevention, polluter pays, substitution,
proximity and autonomy, subsidiarity and integration. The hierarchy in waste management
establishes the order of priority in waste management based on these principles and priorities. It
provides for actions that should be taken within the life cycle/existence of the waste, from the
moment of production to the moment of its final destruction: Prevention of waste generation;
Minimizing the amount of generated waste, especially those with hazardous properties; Reuse;
Recycling; Utilization - extracting benefit from the generated waste, through the application of various
methods and technologies - composting, energy extraction and others; deposition (Landfilling) — this
method should be applied only when the other treatment methods have been exhausted (Fig. 1 on
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the right). Construction and household waste management is specifically presented in [7]. Waste
management activities have been regulated since 2003 in [1] and related regulations.

most favorable alternative
npeaoTeparABaLe
Hait-6naronpuaTHa A 00pa3yBaHeTo Ha 0TNaAbUN
Gidlie i MWHUMU3NpaHe
0bpa3yBaxero Ha oTNaAbUM
- noBTOpHa ynotpe6a
Hail-He6naronpuaTHa CYPOBHHHHA pecypc
e A
[Aenonupake

least favorable alternative
Figure 1. Hierarchy in waste management

2.1. Waste treatment

From an engineering point of view, the most important activity is the processing of waste, which |
mainly focus on. The methods of waste treatment are diverse, as well as the waste itself and the
source of its origin. It includes the classification [5]:

1. Mechanical processing

1.1. Preparation for treatment - facilities and installations for preliminary treatment of waste
(cleaning, separation and sorting, packaging and pressing, baling, cutting, shredding) are auxiliary
facilities to the main facilities and facilities for utilization and disposal of waste or are independent
facilities for treatment of waste (Fig. 2). Sorting can be dimensional, densimetric, magnetic, optical,
eddy current, infrared, air, manual and mechanical [6]. The first in Bulgaria waste processing plant of
the company ECOBULPAK was opened near the capital's Sofia "Filipovtsi" district. The plant has two
installations - Installation for sorting and recycling of glass and Installation for sorting and baling of
paper and plastlc (flg 3) The total capacity of the plant is 140, OOO tons of mcomlng Waste per year.

Figure 2. Installation for separation of the company "Recyclng Bulgarla The Ekobulpak plant has a
total area of 11,000 m? (photo: Alyosha Dimitrov)

Figure 3. Mechanical procesées and separi'n of NF (hephrites) [6]
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The separation plant consists of five divisions: incoming materials/warehouse, pretreatment area,
electron beam tube processing area, plastic grinding area, and mechanical processing area. The
following values can be accepted as acceptable for the processes: Fe- 50%, NF-30% mixed plastic
and filter dust-20% of the total mass (Directive 2002/96/EC on waste electrical and electronic
equipment). Pressing is applied to a wide range of waste, such as: paper, cardboard, plastic, metals,
some of the biodegradable waste, waste that is used to obtain alternative fuel, etc. Pressing can be
done using hydraulic and mechanical presses (fig.4). Installations and equipment for mechanical
treatment - mechanical treatment of waste in most cases has meaning as preliminary treatment,
previous recovery or final disposal.

o °4

Figure 4. Cleaning and pressing machines [5]

1.2. Minimize, collect and recycle

Traditional waste removal is mainly used in Bulgaria. According to Ministry of Internal Affairs and
Communications data based on the official landfills, the Bulgarian throws out an average of 455 kg of
household waste per year. There are 525-600 organized landfills and many more unorganized small
landfills in the country (according to the data of the Ministry of Environment and Water 5,135 count).
Of these, about 27 meet the requirements for a "sanitary landfill", the most important of which are
Plovdiv, Karlovo, Gabrovo, Sevlievo, Veliko Tarnovo together with Gorna Oryahovitsa and
Lyaskovets, Vratsa with Mezdra, Shumen, Sofia-Sukhodol, Ruse, etc. These landfills have a total
capacity of 12,735,425 tone and they can be used to deposit the household waste of 4,132,557
inhabitants (about 55% of the country's population) [11, 15].

The recycling process is a key step in the Waste Management Strategy, related to the process of
reducing consumption and reusing resources. Recyclables can come from a wide range of sources,
including individual households as well as industrial environments. They can be recycled Plastic
(PET, packaging, bags), aluminum, textiles, paper (magazines, newspapers, books, packaging, etc.)
glass (glass containers), asphalt, metal cans, motor oil, car batteries, printer cartridges, including
biodegradable materials (food products or garden waste). In order to facilitate the processing of the
materials, it is recommended that they be sorted and separated, depending on their type. Products
such as ceramics, wax paper, stickers, toxic material and food packaging, rotors, etc. cannot be
recycled. Compared to recycling, reuse does not require significant additional effort, but can only be
applied to a limited group of wastes and physically interchangeable products.

Construction and demolition waste is highly recyclable and reusable. The main condition for
achieving this is that they are not mixed and contaminated with other waste. This is a basic approach
in sustainable waste management, imposed by the EU's active policy in this direction. The degree of
recyclability of construction waste depends on many factors - share of different types of waste,
degree of preliminary treatment (sorting), contamination with harmful or dangerous substances,
which depends on the processes of waste generation, construction design and applied practice. The
recycling process can be carried out at specialized recycling sites or directly at construction and
demolition sites, as well as combined (Fig. 5). When starting construction waste recycling activities in
Bulgaria, it is recommended to start with the use of simplified recycling technologies, combined with
selective destruction and preliminary treatment at the place of waste generation. Recycled waste in
2010 in the EU averaged 121 kg per capita. In this regard, Germany is the leader with 260 kg per
capita. Followed by Ireland (203 kg), Slovenia (183 kg), Luxembourg (179kg), Austria (178 kg),
Belgium (173 kg), Sweden (166 kg), the Netherlands (164 kg), Denmark (154 kg), etc. .n. According
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to NSI data, 26 thousand tons were recycled in Bulgaria in 2010. The total capacity for recycling
paper and cardboard waste is about 200,000 tons and is mainly concentrated in the enterprises of
the pulp and paper industry and in those producing building boards. The processing of plastic waste
is concentrated in three main enterprises with a capacity of about 12 thousand tons/year. Processing
of waste glass is carried out in 6 enter- prises in the country. The annual amount of processed glass
waste is about 15000 tons/year.

Figure 5. Complete recycling line composed of CDE Global machines
2. Biological treatment. Composting

Biological processing or composting of waste is carried out through the decomposition of organic
substances by various microorganisms. Biological treatment is most often used for the elimination of
biodegradable waste, especially those originating from agriculture, the food industry or the organic
fraction of household waste, as well as for the treatment of industrial or mineral waste (oil sludge,
mine tailings and others.). Typically, biological treatment is aerobic or anaerobic. The choice of the
type of composting varies depending on what the end product is to be achieved - in the field, in bio-
chambers and by bracketing, discussed in detail in [6],[9]. In 1995, more than 13 million tons of
household waste were composted by the EU member states, and in 2008 - about 43.5 million tons,
reaching 17% of household waste, the leading countries being Spain and France. In Bulgaria, it is
planned to build installations for composting and mechanical-biological treatment of biodegradable
waste on the territory of the municipalities, at whose regional landfills over 20,000 tons of waste are
deposited annually. Such are half of all 56 regions, in seven of which regional landfills have already
been built.

Figure 6. Principle of field composting, Beccari static chamber for composting and briquetting machine

[6]

3. Heat treatment. Obtaining energy from waste
From an environmental as well as an economic point of view, it is reasonable and most cost-
effective to utilize the energy of that portion of combustible MSW that cannot be recycled or reused.
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The European Directive 2000/76/EU recommends incineration at a temperature of 1100 °C. The
utilization of solid waste is the most profitable stage in the hierarchy of waste management and can
be: material, biological, energy. Energy recovery is possible for the following types of waste:
biodegradable household waste; general industrial waste; medical waste; waste from sorting centers
and waste from treatment plants. According to data from the World Energy Council, household waste
is responsible for about 6% of the national energy potential of each country. Bulgaria is in one of the
last places in Europe in terms of using the energy potential of household waste.

4. Thermal methods. Combustion
4.1. General incineration of sorted or unsorted MSW. Stoves
4.2. High temperature heat treatment method.
4.3. Mass burning on a movable grate (grill).
4.4. Fluidized bed combustion. Thermochemical conversion
4.5, Integrated MSW incineration systems.
Plants and incinerators. Co-incineration. Energy utilization (Fig. 7).

Incineration is a thermal method of waste disposal by complete oxidation of MSW at high
temperatures, usually using heat or electricity and the products obtained as a result of combustion.
The incineration of household waste is carried out at temperatures of 1000- 1100 °C. In the case of
incomplete combustion, however, they can emit acid gases and dioxins, which are dangerous for
health and the environment. In order to ensure the complete decomposition of hazardous waste, it is
necessary to carry out the incineration under controlled conditions at a sufficiently high temperature.
For this reason, the EU has drawn up environmental standards for incinerators. The maximum
permissible values defined in the EU waste incineration directive are indicated in,[6]. Products that
can no longer be used, and their form and composition represent an environmental hazard, are
subjected to the incineration process. It is recommended to presort the waste before its incineration,
and the sorting is necessary to remove those wastes that generate toxic substances or for those of
them that make burning difficult,[6]. Co-incineration is energy recovery of a certain type of industrial
waste and is widely used in power and heat plants, cement plants and steel foundries. Incineration
as a disposal method is most widely used in Denmark, Norway, Switzerland and Sweden. In
Bulgaria, co-incineration is carried out in industrial combustion installations of 5 cement plants - the
total amount of energy-utilized waste in them is about 2600 tons. The "Zlatna Panega Cement" and
"Devnya Cement" cement plants make a serious contribution to the disposal of inorganic waste.

|

Figure 7. Complex for incineration of household waste - production of thermal and electrical energy -
over 3000 kg/h
4.5. Pyrolysis and thermal destruction

Pyrolysis is a process of heat treatment of solid waste, through which thermal decomposition occurs
at high temperature, in the absence of oxygen, of chemical products and especially of organic
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products, discussed in detail in [6, 12]. The goal is to obtain secondary products and reduce the
volume of solid waste. A high-temperature pyrolysis plant” for processing 25 tons of waste per day,
requiring an area of approximately 25m?, is shown in fig. 8, and on the right a plant for pyrolysis of
tires, plastics and others of the company "Pirotex", Bulgaria.

Figure 8. High temperature pyrolysis plant and closed pyrolysis plant. Installation for pyrolysis of
tires "Pirotex"

4.6. Autoclave (hydrothermal) facilities.

Thermal drying and combustion of sludge Sludge is the result of the wastewater treatment process.
There are several characteristics of sludge, of which the amount of wastewater has the greatest
influence on the costs of its treatment, because it determines the volume of sludge, as well as the
costs of its transportation and disposal (EU Directive 2000/76, Directive 86/278/EEC on sewage
sludge). The combustion system consists of 2 processes which are shown in fig. 9): Sludge drying
system and Sludge incineration system. Thermal drying is an expensive method, therefore it is rarely
applied and only after a thorough technical and economic justification. In some EU countries such as
the Netherlands and Belgium, the use of sludge in agriculture is prohibited. In Bulgaria, the
conditions for the utilization of sludge are regulated in the Ordinance on the order and manner of
utilization of sludge from wastewater treatment through its use in agriculture. Sludge from waste
water treatment plants containing oils and petroleum products is disposed of in the incineration
plants of "Lukoil Neftohim Burgas".

m
83
;
!
‘.-
0

Figure 9. Sludge drying system

5. Gasification and fermentation

5.1. Dry methanation — BEKON. Continuous dry fermentation process
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The principle of the method is fermentation of biowaste with up to 50% dry matter content.
Fermentation takes place at a "mesophilic" (fermentation-friendly) temperature of 34- 37°C, which is
regulated and maintained by the heating system built into the floor and walls. The biogas obtained
during fermentation (consisting mainly of up to 65% methane CH4 and up to 35% carbon dioxide
COy) is fed to a co-generator (Fig. 10). Through the co-generator, which is a gas engine connected to
an electric generator and equipped with heat exchangers for flue gases and oil cooling, biogas is
converted into usable electricity and heat. The "Continuous" process means that during the so-called
dry fermentation no material is added or removed and the biowaste remains in the fermenters until
the end of the fermentation process (residence time).

Waste Cogenerator Biogas Concrete fermenter

Berowen Qapuenrop
Opo-c-v'm-\- u-: rm

Slag Solid fuel Biomethanol and diesel Cogenerator Heating and drainage installations
Figure 10. Schemes of methanation using a cogenerator [6]

5.2 Gasification of organic waste. Utilization of biogas from landfills

Biogas, which is obtained from solid waste during their decomposition, is called landfill gas. This gas,
mainly consisting of methane (which contributes 32 times more to the greenhouse effect than carbon
dioxide COg, if it is not used for energy needs and is released freely into the atmosphere), is obtained
directly from landfills and which, after the necessary purification, is usually fed into cogeneration
plants (Fig. 11). Unfortunately, through this technology - the drilling and laying of tubular perforated
gas collector probes - not all the formed gas is extracted. In addition, the extraction of this gas can
only begin on the territory of an already mothballed section of the landfill and for a limited period of
years. Also, its receipt is uneven in individual years, on individual layers of the landfill and in different
annual seasons, and covers no more than 20% of the MSW deposited in the landfill. In this way, 80%
of the old, as well as all newly arriving amounts of solid waste, remain in the landfill, not reducing, but
on the contrary, increasing its area and continuing to poison the environment with the generation of
greenhouse gases and poisonous effluents. According to NSI data on household waste for 2010, the
residual capacity of landfills for household waste has decreased by 31.15% compared to 2005. All
this shows that this method is inefficient and, moreover, it is also capital consuming. There is also a
controlled production of biogas from organic waste using appropriate installations. Such type of
installations are found in animal farms, sewage treatment plants, food processing plants, etc.,
especially those that can provide a constant flow of raw materials. Although landfill gas extraction is
gaining more and more popularity and distribution, it is appropriate to use it only where there are
protected landfills, but it should not be planned in MSW energy utilization strategies.

There are two main ways of the gasification process - direct and reverse. The thermal gasification
equipment market mainly offers gasifiers using the direct gasification process. They work at high
pressure, of the order of 2MPa, where the organics undergoing thermochemical decomposition move
against the air blowing supplied under the grate, which plays the role of a gasifying agent. As a result
of this process, gas is produced, which, passing through the organic layer, is taken to the upper part
of the gasifier. In the opposite way of thermal gasification, the biomass subjected to gasification and
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the gasification agent (steam- air blowing) move in one direction. In plasma gasification, the
synthesis gas leaves the plasma reactor at a very high temperature and for this reason its cooling is
necessary [6].

= 20

2> eitung
5 Warmevertraucher

Legend: 1 — gas sources, 2 — gas pipelines, 3 — gas gathering station, 4 — used gas, 5 — unused gas,
6 — moisture removal, 7 — pumping station, 8 — flare device, 9 — gas engine, 10 — gas generator, 11 —
transformer, 12 — 20kV power line, 13 — heat consumers

5.3 Plasma technologies
(plasma gasification, specially published in [13])

6. Microwave installations
7. Biotechnological methods

The most tangible and significant benefit of maximizing the biological treatment of biowaste is the
prevention of greenhouse gas emissions, which in 2020 reach approximately 10 million tons of CO:
equivalent from the "Waste" sector alone. The most important effect of better municipal waste
management is to limit greenhouse gas emissions. Therefore, one of the main goals of the "Europe
2020" Strategy and the Kyoto conference is to reduce the emission of greenhouse gases by 20% by
2020 compared to the level of 1990 (CO2 to 10 million tons). By 2026, Bulgaria must reduce
emissions by 40%. Recycling (75%) and incineration (25%) will play a major role in avoided
emissions. The price of carbon allowances is 6 euros/ton, but experts expect it to reach 25 euros/ton
in the next few years.

7.1. Medical waste treatment and sorting centers.
Processing of nuclear power plant fuels [13, 14] The human health care waste treatment plant

+CONVERTER” is designed to operate at a temperature of 155°C in the presence of saturated steam
in a special mode of operation.
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Charging a sterilizing Cell pump and air filter

[

Motor Sterile waste Water

Figure 12. Scheme and appearance of medical waste treatment facility

7.2. Processing to fuels
(Directive 75/439/EEC on the disposal of used oils)

8. Landfilling. Landfills

The main way of managing waste, including hazardous waste in Bulgaria, is landfilling. Of the 3.1
million tons of household waste generated in Bulgaria in 2010, 3.04 million tons have been treated
with Landfilling being the only applicable method. Bulgaria's membership in the EU imposed the
obligation to close the currently existing illegal landfills and to build 54 new landfills for waste
collection by 16.07.2009 (Directive 1999/31/EC). As of 2010, the number of landfills was 172. This
method will play an important role during the next planning period in Bulgaria, and landfills will be an
important element of the future waste treatment infrastructure. The main process that takes place is
decomposition of organic matter in anaerobic conditions. Additional processes are aerobic. There are
three main types of schemes: Landfilling of sections with pronounced terrain, Trench and High. The
design and operation of landfills are discussed in detail in [6]. Waste treatment techniques and
technologies are also presented in [17, 18, 21].

9. Politics and economics

The policies of individual EU member states regarding the waste disposal methods used are
different. How waste is treated and the relative share of each of the main waste treatment methods in
individual EU countries is shown in [19, 20]. In general, the trend in management is an increase in
recycling and incineration, at the expense of a decrease in landfilling and composting. About 0.75%
of the EU's GDP is allocated annually to waste management. According to NSI data, the costs of
waste recovery and disposal for Bulgaria in 2010 amounted to 674,000 thousand BGN, which
represents 0.95% of GDP. Almost 35% of them are for fixed assets acquisition; for 2016 - 1.6%. The
main source of funds for financing waste activities in EU member states is the European Regional
Development Fund (ERDF). In Bulgaria, the ERDF provides 366.7 million euros for financing
activities related to waste management for the period 2007-2013, and in 2020-22 a Sustainable
Development Program was proposed and started its operation. Waste management is a key
component in a business's ability to maintain 1ISO14001 accreditation. Despite the efforts, there are
still significant differences in the quality of the environment and human health in European countries.
The complex relationships between environmental factors and human health, taking into account the
multiple pathways of impact and interaction, must be considered in a broad spatial, socio- economic
and cultural context. This is precisely what the author's participation in this conference is for.
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10. Conlusion

EU Member States and Bulgaria are developing awareness campaigns to educate the public and
encourage consumers to look for products that produce less waste and thus lead to a more efficient
use of resources. The article proposes a classification of MSW processing methods and their
application, sources and the legal basis for the purpose, the politics and economics of the subject are
discussed.
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Finland 76 8 1 11 3 1
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(2012,
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Source: Eurostat (online data code: env_wasgen)
eurostatF

164


mailto:skartunov@abv.bg
https://www.google.com/url?sa=i&url=https://wasteconcepts.cleaner-production.de/images/Ergebnispublikation/Ergebnispublikation_Bulgarien_FINAL_bul.pdf&psig=AOvVaw03ar1STBhXfHeM117aEHDy&ust=1669033783000000&source=images&cd=vfe&ved=0CAMQjB1qFwoTCICKxMHhvPsCFQAAAAAdAAAAABA6

3. RUMELI SURDURULEBILIR CEVRE ICIN ENERJI VE TASARIM SEMPOZYUMU

3rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
2-3 Subat 2023 / February 2-3, 2023

Silivri, ISTANBUL

ZERO ENERGY BUILDINGS AND
ENERGY SUSTAINABILITY IN BUILDINGS FOR TURKEY

SIFIR ENERJILI BINALAR VE }
TURKIYE ICIN BINALARDA ENERJI SURDURULEBILIRLIGI

Ahmet CAN
Istanbul Rumeli University Faculty of Engineering and Natural Sciences
ahmet.can@rumeli.edu.tr ORCID: 0000-0002-1460-6615

OzZET

Klresel iklim degisikliginin dinyanin bir¢ok bdlgesinde ve dinyadaki canli yasami uzun suredir
olumsuz etkiledigi glinimizde yasanmaktadir. Kiresel anlamda iklim degisikliginde c¢ok belirgin
sekilde etkili olan karbondioksit salinimidir. iklim krizinin etkilerinin son derece hizli arttigi 2020 yili
itibariyle, maksimum degerini géren karbon salinimlarinin azaltiimasi hikimetler, bireyler ve 06zel
sektdr igin bir zorunluluk haline gelmistir. Kuresel sicaklik artisini 2021 yili sonunda 2 °C derece ile
sinirlandirmayr ve mumkiinse 1,5 °C derecenin altinda tutmayi hedefleyen Paris Anlagsmasi 2015
yilinda dizenlenen COP21 zirvesinde kabul edilmistir. Tirkiye’nin 11 Ekim 2021 tarihinde 193. llke
olarak imzaladi§i Paris anlasmasina gore; her llke, atmosfere atti§i karbon dioksit emisyonlarini 1990
yili degerlerini esas alarak 2030 yilinda %50 oraninda ve 2050 yilinda da %100 oraninda azaltacagini
kabul etmistir.

Bu calismada konu kapsaminda en énce sifir enerjili binalar i¢in nelerin yapilabilecegi, mikemmel bir
sifir enerjili bina tasarimin unsurlarinin neler oldugu degerlendirilmistir.

Anahtar Kelimeler: Paris anlasmasi, neredeyse sifir enerijili bina, iklim degisikligi

ABSTRACT

It is experienced today that global climate change has adversely affected life in many parts of the
world and the world for a long time. Globally, it is the emission of carbon dioxide that is very effective
in climate change. As of 2020, when the effects of the climate crisis increase extremely rapidly,
reducing carbon emissions, which see its maximum value, has become a necessity for governments,
individuals and the private sector. The Paris Agreement, which aims to limit the global temperature
increase to 2 °C degrees by the end of 2021 and to keep it below 1.5 °C degrees if possible, was
adopted at the COP21 summit held in 2015. According to the Paris Agreement signed by Turkey as
the 193rd country on October 11, 2021; Each country has accepted that it will reduce its carbon
dioxide emissions into the atmosphere by 50% in 2030 and 100% in 2050, based on 1990 values. In
this study, what can be done for zero-energy buildings and what the elements of a perfect zero-energy
building design are are evaluated within the scope of the subject.

Keywords: Paris agreement, almost zero-energy building, climate change
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1 INTRODUCTION

Global climate change affecting the world and our country with the latest amendment made in the
energy efficiency legislation, the use of renewable energy in new buildings of certain sizes has
become mandatory. The concept of Near Zero Energy Building (NSEB) has been added to the
regulation related to the regulation published by the Ministry of Environment, Urbanization and Climate
Change in the Official Gazette dated February 19, 2022, and this concept has been defined as "a
building with high energy performance and at the same time a certain amount of renewable energy
use”. With the regulation, as of January 1, 2023, all buildings with a total construction area of more
than 2,000 m? must be constructed in accordance with the NSEB principles and at least 10% of the
primary energy needs of these buildings must be met from renewable energy sources. In addition, it is
another requirement that NSEB buildings have energy performance class B or better in the Energy
Performance Certificate.

However, with the two temporary articles added to the regulation, it was stipulated that the building
construction area required for NSEB projects would be 5,000 m2 between January 1, 2023 and
January 1, 2025, and the renewable energy usage rate would be 5%.

Today, climate change has reached a level that is difficult to compensate in the world and in Turkey.
Scientific findings show that the most important cause of this crisis is greenhouse gas emissions.
While the whole world is developing various policies to reduce greenhouse gas emissions, Turkey has
also demonstrated its sensitivity in this area by signing the Green Agreement and the Paris
Agreement.

Countries that have signed the Paris Agreement have chosen the goal of achieving Net Zero
emissions, mostly by 2050.

The European Union has set out to reduce its net emissions by at least 55 percent by 2030 compared
to 1990 and to become the "first climate neutral continent” by 2050.

What happens if emissions do not decrease? The answer to this question* “It is necessary to develop
policies and strategies to keep the global atmospheric temperature increase between 1.5-2 °C. If the
global temperature increase exceeds 2°C, results such as desertification on a large scale, the
destruction of corals, the extreme heat affecting nearly half a billion people, and hundreds of millions
of people falling below the poverty line may occur. These can be added that food security, biodiversity
and forests will be at great risk. In addition, these effects can cause large waves of migration.
Economies deteriorate and life on planet earth becomes difficult.

* o«

2. THE PARIS AGREEMENT AND ITS IMPORTANCE FOR TURKEY

4 November 2016, pursuant to article 21(1); The Convention enters into force on: At least 55 Parties to
the Convention have deposited their instruments of ratification, acceptance, approval or accession for
a total of at least 55 percent of total global greenhouse gas emissions on the thirtieth day from the
date of recognition [1]. Note: The Paris Agreement was adopted on 12 December 2015 at the twenty-
first session of the Conference of the Parties to the United Nations Framework Convention on Climate
Change, held in Paris between 30 November and 13 December 2015. Pursuant to Article 20; The
Agreement will be open for signature by States Parties to the United Nations Framework Convention
on Climate Change and regional economic integration organizations at the United Nations
Headquarters in New York from 22 April 2016 until 21 April 2017 [1].

3. EFFECT OF BUILDING HEATING AND CARBON DIOXIDE EMISSIONS IN THE ATMOSPHERE

25% of energy-related emissions originate from buildings. Energy consumption is the biggest factor in
greenhouse gas emissions both in the world and in Turkey. Energy consumption in buildings has the
largest share and a transformation that will take place in them has priority. It has been determined that
approximately one fourth of energy-related emissions in Turkey originate from buildings. Even this
ratio has clearly revealed the importance of Zero Energy Buildings in the fight against climate change.
Energy consumption has negative effects not only on the environment but also on the economy. 70%
of the current account deficit in Turkey is due to energy. This ratio has grown even more in 2021.
According to the data of the Turkish Statistical Institute (TUIK), Turkey's total imports in 2021 were
271.4 billion dollars, while its total exports were 225.3 billion dollars. The difference is 46.1 billion
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dollars. The difference between energy imports and only energy imports reached 42.1 billion dollars.
90 percent of the difference is due to energy. The goal is to contribute to the Turkish economy by
reducing energy consumption with Zero Energy Buildings.

3.1 The Rate of Carbon Dioxide in the Atmosphere and Global Climate Change

The rate of carbon dioxide in the atmosphere is given in ppm and means the number of carbon dioxide
particles in one million particles. This value, which was at the level of 280 ppm before industrialization,
has not exceeded the level of 300 ppm for the last 800 thousand years. The fact that the carbon
dioxide concentration value in the atmosphere exceeds 350 ppm means that the reliable limit in terms
of climate change has been exceeded. The reliable limit monthly average value was exceeded by
350.39 ppm, which was first measured in January 1988. It was determined as 317.71 ppm in the
measurements made in March 1958 by the Mauna Loa Station operating in Hawaii under the US
National Oceanic and Atmospheric Administration. In the measurements made by the USA Mauna Loa
Station in 2019, the average of carbon dioxide rate in the atmosphere in August 2019 was determined
as 409.95 ppm, with an increase of 2.96 ppm compared to the same period of the previous year. The
rate of carbon dioxide in the atmosphere exceeded 415 ppm for the first time on 12 May 2019 and was
measured as 415.27 ppm. It is understood that the increasing trend continues with the value recorded
as 415.64 ppm on May 15, 2019.

3.2 EU Council Consensus for Zero Emission Buildings

The EU Council agreed on the Zero Emission Buildings Target on 27 October 2022. The Council has
set a goal of achieving zero emissions in buildings by 2050. The member states of the Council of the
European Union have agreed on the amendment proposals containing important updates in the
Energy Performance of Buildings Directive. According to the proposal of the Council, all new public
buildings to be built in the European Union countries from 2028 and all other buildings from 2030
should be built according to zero-emission principles [2],[3].

4. ZERO ENERGY BUILDING

The building, which has a very low energy need for heating, cooling, lighting and other consumptions,
and which supplies this need entirely from renewable energy sources, is a zero-energy building.
These buildings combine the concepts of energy efficiency and renewable energy generation to be
able to have very low energy needs and to produce the amount of energy they need by producing
them on-site (or away) through renewable sources for a certain period of time. Net Zero Carbon
Building, which is beyond this concept, is the buildings where the amount of carbon dioxide emissions
released annually by the World Green Building Council (WorldGBC) is zero or negative.

The shortest way to reach the Zero Energy Building is the building built with Passive House standards.
Passive House standards are the universal prototype and can be applied in any climate zone. When a
building is designed and implemented with Passive House Standards, 95 per cent less energy is
consumed than ordinary buildings. This means a very high reduction in harmful gases released into
nature.

4.1 Generating Energy from the Sun

In this context, it is obligatory to invest in thermal or photovoltaic solar energy in new buildings.
According to the principles agreed by the member states of the European Union, all new buildings
must be designed in such a way that the solar energy-based energy production potential is used most
efficiently [4]. First of all, all new public and non-residential buildings with a floor area of more than 250
square meters by 31 December 2026 must be designed according to this principle. The requirement
will also apply to all existing public and non-residential buildings with a floor area of more than 400
square meters until 31 December 2027. Until 31 December 2029, all new residential buildings must be
designed to utilize solar energy at the highest level, regardless of their surface area. Exceptions may
be made for buildings to be constructed for historical, religious and defence purposes.
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4.2 Entire Building Stock to be Zero Emissions by 2050

In line with the goal of achieving zero emissions for the entire building stock by 2050, the Council of
Europe has proposed some principles for accelerating the renovation of existing buildings and phasing
out buildings with poor performance. Accordingly, EU countries will establish minimum energy
performance standards for buildings that will correspond to the maximum amount of primary energy
that can be used per square meter. Country governments have deemed it necessary to identify the
parts of the national building stocks with the lowest efficiency values, based on the energy use values
determined as of January 1, 2020. It is necessary to identify the buildings in such a way that the first
part of 15% includes the buildings with the lowest efficiency value. In the second part, there should be
relatively less bad buildings with an efficiency value of 25%. In the first stage, all non-residential
buildings in the most inefficient 15% section by 2030 will need to increase to the efficiency value of the
existing 25% section by 2030. Until 2034, however, all of these buildings will need to be renewed in
such a way that they fall below the energy efficiency threshold already determined for the 25% section.

4.3 Adding Energy Performance Criteria A® and A*

States will also set their National Plans for building stocks to be completely zero emissions by 2050. In
addition, A° categories for zero emission buildings will be added, and A+ categories will be added for
buildings with renewable energy sources.

At the same time, there will be requirements for transport infrastructure such as charging points for
electric vehicles and parking spaces for bicycles in building designs. Member states will prepare
roadmaps with national targets for 2030, 2040 and 2050 and publish national building renovation plans
for the primary and final energy consumption of building stocks and reduction of greenhouse gases.
States are required to prepare their initial plans by 30 June 2026 and update them every five years
thereafter. It has been determined that 40% of the final energy consumption and 36% of the energy-
related greenhouse gas emissions of the European Union countries occur in buildings. According to
the council's data, 75% of existing buildings in EU countries are energy inefficient buildings and
require large-scale renovations to reach the required efficiency requirements. In Turkey, it is
necessary to carry out studies and reveal the results from one aspect, "personal buildings and public
buildings, on the other hand, buildings constructed before laws and standards are determined,
buildings constructed after international and national laws and standards are adopted, and buildings to
be constructed" [5],[6]. Accordingly, it is necessary to prepare, announce and implement timed
business plans.

4.4 Amount of Energy to be Consumed Annually Per Unit Area in Buildings

The amount of energy to be consumed per unit area in buildings annually is defined by the “Regulation
on Energy Performance in Buildings” published in the Official Gazette dated 05 December 2008 and
numbered 27075 and it is obligatory to comply [7]. Exterior climatic conditions, interior space
requirements, local conditions and cost-effectiveness are determined by calculation rules that will
enable the evaluation of all energy uses of the building [8].

It should be classified according to primary energy and carbon dioxide (CO2) emission values [9]. The
minimum energy performance criteria for new and existing buildings to be renovated [10] and the
applicability of renewable energy sources are explained in the relevant standards and regulations
[71,[8].

It was announced on September 27, 2022 by the Ministry of Energy and Natural Resources, General
Directorate of Energy Affairs, Department of Energy Supply Security, Markets and Statistics that the
preparation of the National Energy Plan has come to an end in the studies carried out for Turkey's
goal of being carbon neutral in 2053.

4.5 Energy Efficient Building Evaluation Sizes

The dimensions taken as a basis in the preparation of energy identity cards of energy efficient
buildings are given in Table 1 [10],[11].
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Table 1. Building energy efficiency assessment magnitudes.

Energy Efficient Building Evaluation Magnitudes (The values given are an example for an F Energy Identity Class Building)

AV, 0,61 1/m According to Building Energy
Regulation

Building useful area An 670,2 m? According to Building Energy
Regulation

Specific transmission heat loss Hr 1,3 W/(mK) DIN V 4108-6,

Heating Heat Requirement Qn 150,0 KWh/(m?3yil) in accordance with DIN V

Domestic hot water heat Quw 12,5 KWh/(m?3yil) 4701-10 and

requirement according to the calculation

Number of installation costs ep 1,8 rules described in the norms

Primary energy requirement Qr=(Qn+ Quw).ep 292,5 kWh/(m?yil)

CO; emissions* 79,0 kg CO2/(m?yil)

*Ay building utilization area Compliant with GEMIS 4.13

associated

4.6 Energy Efficient Building Rating Scales

The rating scales of energy efficient buildings are shown in Table 2. Values close to the actual values
reached in a building that does not comply with the standards are given as an example in the last
column of Table 2.

Table 2. Energy efficient building rating scales

Very little Little yiiksek  very high Really achieved

Building envelope I I 150,0 kWh/(m?2year)
Heating heat 20 40 60 100 125 150 200 250>>>
requirement associated

with the Ay surface

Plumbing Technique I I I I I I I I I 1,80

Number of installation 1,2 14 16 18 20 225 25>>>
costs according to
primary energy

I T T 1T 1T 1T 11 1

COp-Emissions 200 27,5 37,5500 625 750875 100 125>>>| /9.0kg CO,/(myear)

4.7 Building Energy Requirements Change with an Energy Efficient Building Approach

The decrease in the requirement of energy efficient building heating energy achieved with exemplary
project applications in twenty years is shown in Figure 1 [11].
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The variation of costs depends on the ratio of the heat losses of the external components of the ultra-low
energy house in relation to the usage area is shown in Figure 2.
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Figure 2. Building structural element energy requirement

5. CONCLUSION AND EVALUATION

Economic, political and environmental processes play a role in development. Individual fireplaces were
replaced with hot water central heating systems. Due to the low heat requirement of today's homes,
temperatures in the heating system can be reduced, thereby reducing distribution losses. Experience
so far has made it possible to reach the optimum system temperature with water temperatures of 45
°C. In addition to the exponentially increasing size of the heating zone, smaller temperatures also
require pumps significantly larger operating energies. Due to low heating circuit temperatures,
alternative heat generators can be integrated with more efficient devices such as solar collectors.

It is predicted that the use of promising heat pumps for the heat supply of buildings will also come to
the fore from now on and replace boilers. The debate on whether the additional heat gained from the
soil, water and air during the heating process with heat pumps is renewable or not is subject to the
EU's Directive on Encouragement and Support for the Use of Renewable Energy Resources
(2009/28/EC, RES Directive, Article 2) and the Energy Performance of Buildings Directive.
(2010/31/EU, Article 2). District heating, solar and wind energy, especially flexible, hybrid systems
where energy sources are used together should be preferred. Performance should be prioritized in
incentives to be given to new systems. The use and production of low-efficiency systems and devices
should be prohibited within the framework of the law. In order to ensure that these applications are
preferred, long-term, low-interest loans can be extended and advantageous energy tariffs can be
arranged by the user. Recent climate changes have brought importance to the approaches to net or
nearly zero energy (nZEB/NZEB) building standards. On the one hand, weather conditions that make
life difficult have increased awareness of climate and energy efficiency and led to the setting of
political/regulatory targets. On the other hand, the characteristics and expectations of modern office
buildings where thermal comfort is in question are defined.
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Abstract

Climate change, environmental pollution and geopolitical situation that we all witness, firmly
establishes dedication of our society to affordable, secure and sustainable energy. Ambitious goals of
European Green Deal on climate neutrality require bold action to decarbonise different energy sectors.
European existing buildings are responsible for 40 % of energy consumption and 36 % of greenhouse
gases of the EU. The building stock in Croatia accounts for 44,23 % of final energy consumption.
Heating sector, being among most relevant, must utilize low carbon technologies based on local
renewable energy sources. One such resource, recognized and highlighted as significant in national
energy legislative framework, are heat pumps.

This paper presents potential of different source heat pumps application. Examples of good practice
will be presented for sea water, ground and air source heat pumps. The main issue for further uptake
of this technology is investment to overall technical knowledge and capacity of different target groups,
ranging from planers, designers, scientific and professional staff to state and local levels.

Key Words: Decarbonisation, CO2 emission, heat pumps,

1. INTRODUCTION

The use of heat pumps is largely motivated by the fact that in the total exchanged heat, a smaller

part is spent on invested energy, and a larger part on renewable energy from the environment. The
best efficiency of heat pumps is demonstrated when used in low temperature and medium
temperature heating systems with flow temperatures up to 55 °C, but their application is also possible
for high temperature regimes, up to flow temperatures of 90 °C. When it comes to industrial
applications, commercially available heat pumps allow flow temperatures up to 140 °C but require high
temperature heat sources due to the limitations of the temperature difference of the heat reservoir (30
- 90 °C).
The heat pump market has seen a progressive increase in the number of installed units at the
European Union level for several years. According to data from the European Heat Pump Association
(EHPA), in 2021 an annual increase of 34% in the number of installed devices was recorded (Figure
1).
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Figure 1: Annual number of newly installed heat pumps in the EU21 countries

High efficiency of energy conversion and use of shares of renewable energy from the
environment in the case of heat pumps enables energy savings and a reduction in carbon dioxide
emissions compared to fossil fuel systems. The possibility of reducing CO2 emissions depends on the
structure of the power system as an energy source for drive and the efficiency of the device itself. The
wind at the back of heat pumps is a series of directives as part of the 'Clean Energy for All Europeans'
package, which aims to provide regulatory preconditions for the energy transition. Of particular
importance is the Directive 2010/31/EC on the energy performance of buildings, which introduced the
concept of almost nearly zero energy buildings (nZEB) and which has been transposed into the
national legislation of EU Member States in recent years. In particular, in Croatia, the decision is in
force that all new buildings from January 1, 2021 must be nearly zero energy buildings. Depending on
the category of building, the maximum amount of primary energy for heating, cooling, ventilation and
lighting and a minimum amount of 30 % of the required energy from renewable sources is prescribed.

European Green Deal (COM 2020) is the main strategic development document for the EU
and the basis of efforts to achieve climate neutrality by 2050. It requires a reduction of greenhouse
gas emissions up to 60 % and a major contribution to ambitious targets is expected precisely in energy
sector, given that only heating and cooling consume approximately 51% of final energy and generate
27% of total CO2 emissions. It is expected that heat pumps will play a role in the future energy system
within several elements of the European Green Deal, and above all in the elements of clean energy
supply, clean industry and energy renovation with efficient use of energy and resources.

The properties of the heat reservoir greatly affect the heat pump operation, primarily capacity
of the heat source, temperature variability during the year and investment and operating costs of using
a particular form of heat reservoir. The most common division of heat sources is into environmental
air, ground, water and waste heat (Figure 2).
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Figure 2: Various designs of heat pumps (1a — evaporator, working fluid water; 1b — evaporator,
working fluid air; 2 — compressor; 3 — condenser; 4 - expansion valve; 5 - vertical ground source heat
exchanger; 6 - pumping and submersible well; 7 — horizontal ground source heat exchanger)

2. HEAT PUMP TECHNOLOGIES

2.1 Ground source heat pumps

Ground is the most widespread heat reservoir after air, but soil exploitation requires higher
investment costs related to the performance of the ground heat exchanger. The main advantage of the
ground, as a heat reservoir, is its thermal inertia. There are significantly smaller temperature
oscillations throughout the year compared to the air. At depths greater than 2 meters, the seasonal
amplitude of temperature is less than 10 °C, and with the increase of depths below 10-20 meters, the
time variability of the ground temperature disappears. Heat exchange with ground is conditioned by
the thermal properties of the soil and the performance of the ground heat exchanger.

Depending on the type of ground heat exchanger, systems can be divided into horizontal and
vertical (Figure 3). In both cases, these are intermediate systems in which an intermediate energy
transmitter (a mixture of water with a water coolant) flows through the ground heat exchanger,
exchanges heat with the ground and transfers it to the heat pump on the evaporator or condenser,
depending on whether the system operates in heating or cooling mode.
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Figure 3. Vertical borehole heat exchanger coupled to the heat pump (1 — evaporator, 2 —
compressor, 3 — condenser, 4 — expansion valve, 5 — borehole heat exchanger) [3]

Figure 4 shows a ground water heat pump with a heating capacity of 15-70 kW used for
heating business entity in Velika Gorica. Eight borehole heat exchangers with a depth of 100 m in the
design of double U-tubes are laid in the ground. The distribution of the heating system is combination
of underfloor heating and fan convectors.
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Figure 4: Ground source heat pump with eight borehole heat exchangers
2.2 Water source heat pumps

Water as a heat reservoir includes surface waters (lakes, rivers, seas) and groundwater.
Ground and groundwater systems in the literature are grouped into the category of geothermal heat
pumps with division into direct and indirect systems. The main advantage of water is its lower
temperature variability throughout the year, which is more expressed for water abstraction at greater
depth, and good heat transfer between the liquid and the wall of the heat exchanger. The biggest
disadvantages of using water are its availability, either due to physical or legal restrictions, and the
composition of water that can favor the occurrence of corrosion and microbiological contamination of
pipe and heat exchanger surfaces (installation of intermediate heat exchangers).

2.2.1 Sea water heat pumps

Seawater heat pump systems in the heating mode use thermal energy of the sea as a
renewable heat source (Figure 5b), while in the cooling mode the heat taken from the ambient is
transferred to the sea (Figure 5a). Given the corrosive property of seawater, seawater does not
exchange heat with the refrigerant in the heat pump evaporator but transfer heat to an intermediate
working medium on a corrosion-resistant intermediate heat exchanger.

ARRANNY

m_m
i .

Figure 5: Sea water heat pumps— water in the mode of a) cooling; b) heating

The depth of the sea at which seawater is abstracted for the operation of heat pumps is O -
20 m. The deeper the sea, the smaller the seasonal temperature oscillations of the water. The
considered depth of the sea is the surface layer of the sea and the temperature changes in this layer
are called thermohaline properties of the sea, resulting from several physical factors such as heat
exchange with the atmosphere, sea motion caused by natural phenomena such as wind or human
factors (movement of ships, etc.) [2].

Interreg project SEADRION

The SEADRION project — "Encouraging the development of heating and cooling technologies
using seawater heat pumps in the Adriatic-lonian region " is a co-financed project from the European
Regional Development Fund whose purpose is to improve innovation capabilities in the field of heat
pumps and increase the number of seawater heat pumps in the Adriatic-lonian region. The main
objective of the project is to establish a transnational network of seawater heat pumps in order to
support scientific and technological cooperation between research institutions and companies to
improve the innovation capability of the heat pump sector and the use of heating and cooling based on
seawater - water heat pumps in the Adriatic-lonian region.

The project was attended by 6 institutions from 4 countries: Faculty of Mechanical Engineering
and Naval Architecture, University of Zagreb - UNIZAG FSB, as lead partner, and Dubrovnik
Development Agency - DURA (Croatia), GoriSka Local Energy Agency - GOLEA and Municipality of
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Izola (Slovenia), Centre for Research and Technology - CERTH (Greece) and National Agency for
Natural Resources - AKBN (Albania).
The project lasted from 2018 to 2021, during which three sea water - water heat pump pilot

plants were installed, two in Croatia and one in Greece, with the aim of defining problems and
obstacles encountered during the implementation of such systems (administration, execution,
environmental impact) and monitoring their operation (consumption, efficiency, savings). Also, as part
of the project, energy and economic analysis and environmental impact analysis of the application of
the seawater - water heat pumps for representative facilities of each of the four partner countries was
carried out, with the aim of creating a sample.

Figure 6: Pilot plant Rector's Palace, Dubrovnik

Pilot plant built at the Rector's Palace in Dubrovnik (Figure 6) has capacity of 432 kW. The
heating temperature regime is 50/45 °C. The water abstraction is at a depth of 7 m.

2.2.2 Ground water heat pumps

Two wells are needed to pump groundwater, pumping and submersible, with as much
distance between them as possible (Figure 6. The pumping well should ensure enough water at all
times of operation, that is, the abundance of the pumping well is the most important condition for the
design of this heat pump. The submerged pump is usually installed at a depth of 25 to 30 m
(depending on the depth of the aquifer) in order to reduce the pump's operating costs and a free well
height is left under the pump, which allows the accumulation of sand and impurities. When
dimensioning the system, the flow of the groundwater pump is calculated on the temperature
difference of the water on the evaporator from 3 to 5 °C. The literature cites the data on 0.25 m3/h
water flow per 1 kW of evaporator capacity.
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Figure 7: Qualitative display of groundwater water heat pump
Figure 8 shows the Palace hotel in the center of Zagreb, which uses a water/water heat pump
with a capacity of 420 kW for heating and cooling. The system was renovated in 2016. Existing
heating system of 60/50 °C was kept, while the cooling mode is 11/16 °C. At a depth of 20 m
underground water is abstracted in a capacity of 18 I/s and covers the heat load in the heating mode
of 350 kW.

Figure 8: Hotel Palace in the center of Zagreb uses a water/water heat pump
2.3 Air source heat pumps

Environmental air is the largest and most affordable heat reservoir. Its exploitation does not
require high connection costs but only an accessible and safe space in which an outdoor unit can be
installed (Figure 9). The outdoor unit can represent a source of noise due to built-in fans and
compressors, which is necessary to consider when choosing the installation site.
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Figure 9: Qualitative display of air/water heat pump (split version) for space heating and cooling

The biggest disadvantage of air, as a heat reservoir, is the high variability of temperature
throughout the year, which affects the capacity and efficiency of the heat pump. For this reason, heat
pumps of this type are mostly not dimensioned for peak heat load, but the systems are performed in
combination with an additional heat source (most often an electric heater). In addition, in the winter
months, hoar frost and ice may appear on the evaporator pipes due to moisture in the air, which
further impairs the efficiency of the device. However, regardless of all these shortcomings,
performance of the device is being improved every day, efficiency is getting higher and air/water heat
pumps have the highest growth in the number of installed units in practice.

Currently, the IRl 2 development research project is being implemented, financed from the
program of the European Structural and Investment Funds: Research and development of an air/water
heat pump with natural refrigerant. As part of the project, a Croatian air/water heat pump was
developed and produced. At the Faculty of Mechanical Engineering and Naval Architecture, a
sophisticated pilot plant has been put into operation in a relevant environment where developed heat
pumps will be tested (Figure 10).

Figure 10: Laboratory setup with air/water heat pump on FSB
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3. CONCLUSION

Heat pumps as a technology are an indispensable factor in the goals of achieving a competitive
low carbon economy and climate neutrality of the European Union by 2050. For many years, the
existing regulations have been aimed at encouraging the use of heat pumps, and the same is
expected from future changes of regulations at the EU level. Uncertainty in the supply of conventional
energy sources and rising prices of natural gas and electricity put new challenges in the application of
sustainable and energy-efficient systems. The transition to alternative heating systems therefore
requires a comprehensive approach to energy planning, implementation and operation. The paper
gives an overview of heat pump technology with examples of implemented systems in practice with
water, ground and air as heat sources. The fundamental challenges for the wider application of heat
pump technologies in Croatia are contained in financial mechanisms for investing in technology that
are more demanding compared to conventional heating systems. Also, an indispensable part is
investing in professional capacities at different levels.
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ABSTRACT

PV modules convert only 10-20% of incoming solar radiation into useful work, while 40-50% of the
radiation is converted into heat. The accumulated thermal energy causes thermal stress on the PV cells,
thereby significantly reducing the electrical conversion efficiency. The increase in temperature on the
PV Panel adversely affects the maximum output power, which can be described as the performance of
the panel, and the current and voltage values produced under load and unloaded operation. In this
study, the behavior of a Mono-Crystal solar PV panel under different temperature values was
experimentally investigated. It has been determined in the experimental results that different
temperature values on the PV panel affect the electrical power output. It has been determined that
increasing PV panel surface temperature has a negative effect on electrical parameters such as current,
voltage and power generation and reduces PV panel efficiency. The maximum power produced by the
loaded circuit is 15.01 W at 44.71 °C at the PV panel temperature. It has been observed that when the
PV panel temperature rises up to 75 °C, the power drops to 12.92 W with a loss of about 14% from the
maximum generated power. In addition, at the end of the study, suggestions are given to increase the
PV panel efficiency by controlling the operating temperature of the PV module with a suitable
experimental setup containing PCM to be placed on the back of the PV module in order to reduce the
losses in power generation caused by heating in the PV panels and thus increase the PV panel
efficiency.

Keywords: PV surface temperature, PV panel, PV power variation

1. Introduction

Energy is the foundation of any country's economic development and plays an important role in
improving the quality of life of the people living there. The importance of energy in almost every aspect
of development and historical data reveal a significant relationship between energy availability and
economic activity. Although fossil fuel plays an important and reliable role in this regard, its non-stop
use for a period of time has created serious problems with regard to global warming and climate change.
Increasing awareness of environmental degradation and energy scarcity has prompted many
researchers to seek clean and renewable energy sources [1]. The use of solar energy has started to
attract attention because it is clean and sustainable. One of the most promising technologies for solar
energy use is photovoltaic (PV) power generation technology. Solar photovoltaic capacity increased
rapidly at a high of 100 MW per day in 2013 and total capacity increased by 177 GW in 2015 [2]. Although
PV systems have been commercialized and widely used, most PV panels have a photoelectric
conversion efficiency of only 15-20% under ideal operating conditions [3].

PV materials and devices convert sunlight into electrical energy. A single PV device is known as a cell.
An individual PV cell is usually small and typically produces about 1 or 2 watts of power. These cells are
made of different semiconductor materials. In order to withstand the open air for many years, the cells
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are sandwiched between protective materials in a glass and/or plastic combination. The main layers of
a solar PV panel are: outer glass, anti-reflective coating (ARC), PV cells, ethylene-vinyl acetate (EVA),
metal back contact, and polyvinyl fluoride (PVF) film. The thermo-physical properties of these layers are
presented in Table 1 [4]. Photovoltaic panels can have different layers, depending on the design
technology and manufacturer. To increase the power output of PV cells, they are connected together in
chains to form larger units known as modules or panels. One or more strings are then connected to the
electrical grid as part of a complete PV system. Thanks to this modular structure, PV systems can be
installed to meet almost any electrical energy requirement, large or small.

Table 1. Properties of photovoltaic panel layers

Thickness (m) Thermal Density (kg/m3®  Specific heat

Conductivity capacity (J/kg.
(W/m.K) K)

Glass 0.003 1.8 3000 500

ARC 100 x 107° 32 2400 691

PV Cells 225x107° 148 2330 677

EVA 500 x 107° 0.35 960 2090

Back Contact 10 x 107 237 2700 900

Tedlar 0.0001 0.2 1200 1250

The concept of Standard Test Conditions (STC) is needed to describe the performance of a PV cell [5].
The reference electrical power produced by a photovoltaic panel is defined for the average temperature
of a cell at 25 °C and the solar radiation intensity of 1000 W/m2. Under these conditions, the PV cell
produces the maximum power measured in Watt-peak (Wp). This value is valid for manufacturers, but
the power of a PV cell under real operating conditions depends on temperature changes and solar
radiation level. Most solar radiation reaching a PV cell is converted to thermal energy, not electricity,
which increases the cell temperature [6]. Temperature increases in photovoltaic (PV) modules cause
immediate efficiency losses and can accelerate long-term degradation Silicon PV modules operating at
high temperatures show lower efficiency in converting solar energy into electrical energy. When the rate
of solar heat obtained with PV is higher than the rate of heat lost to the environment, temperature rise
is inevitable. An increase in silicon cell temperature by 1 Kelvin reduces the absolute conversion
efficiency by 0.08%, reducing the power output by 0.45% [7]. A temperature increase of 15 K reduces
the power output by about 7%. Silicon solar cells accounted for approximately 86% of the current global
market PV in 2012 [8]. This is because silicone is widely used, non-toxic, easily doped [9]. Figure 1 (a)
shows the variation of the output power, (PL) and voltage (UL) of a solar cell at four different temperatures
at constant solar radiation [10]. The graph shows the initial power increase with voltage before
regressing. The temperature dependence of the maximum output power Pm(T) reflects the decrease in
power as the temperature increases. In Figure 1(b), a plot of the output power and voltage of a PV panel
highlights the effect of temperature rise on the power reduction of a silicon PV panel.
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Figure 1. (a) Power variation with silicon solar cell voltage (b) Power variation with voltage of silicon
panel temperature

A study was conducted by Siddiqui et al. [11] in which they developed a three-dimensional numerical
model that can predict the thermal and electrical performance of the PV panel for changing
environmental and operating conditions. The results range from 8.47% to 10.5% in efficiency with
linearly increasing electrical energy. Pantic et al. [12] developed linear and nonlinear models to estimate
the effect of solar temperature on output power and efficiency. The results were compared with five
different models and showed that the nonlinear model fitted much better with changes in solar radiation
intensity and temperature of the solar module. Xing Ju et al. [13] presented an improved method for
estimating the temperature of solar cells operating under high concentration conditions when the solar
cell temperature is in the range of 10—-120 °C. The temperature variation of photovoltaic panels has also
been numerically investigated in various studies throughout the literature. Hamrouni et al. [14] presented
a study using MATLAB/Simulink software. Razhaghi and Mosavi [15] reported the study and simulation
of photovoltaic systems using MATLAB Simulink, and the radiation or temperature input reflects
significant changes in the maximum power point. One study showed that a 22°C drop in cell temperature
resulted in a 10.3% energy gain in the PV module [16]. Another study reveals that for every 1K increase
in surface temperature, the decrease in open circuit voltage is 0.45% and the increase in short circuit
current is 0.09% [17]. Similarly, there is another study reporting that for every 1°C increase in surface
temperature of a silicon solar cell, the decrease in open circuit voltage is 2mV [18]. From these studies,
it can be concluded that the decrease in open circuit voltage is greater than the increase in short circuit
current.

In this study, the effect of PV cell temperature on electrical energy generation and power variation was
analyzed. All analyzes were carried out under laboratory conditions under halogen lamps with an
irradiance of 1000 W/m?2,

2. Experimental setup

It has also been determined by this experimental study that the increase in temperature reduces the
band gap of the solar cell, which affects the electrical parameters of the solar cell such as maximum
power Pmax, open circuit voltage Voc and short circuit current Isc. The presented study has been proven
by performing experimental studies under 1000 W/m? constant irradiation. Ideally, to run the module at
its maximum power point, we can calculate the load resistance from ohms law as:

Vmp
Ripaa = I
mp

In this study, a 25 W monocrystalline solar panel was used. The electrical parameters of the solar panel
used are shown in Table 2.
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Power Pm (W) 25W
Voltage (Max. Power) Vmp (V) 20.84V
Current (Max. Power) Imp (A) 1.23A
Open Circuit Voltage Voc (V) 24.62V
Short Circuit Current Isc (A) 1.28A
Cell Numbers 36
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Open circuit voltage (Voc) and short circuit current (Isc) are the two main electrical parameters often
used to characterize solar cells. In this experimental study, an aluminum resistor of 50W 22R Ohm was
used as the load resistor. The schematic representation of the connection of the solar panel under load
in the study is given in Figure 2.

Yak
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000 |
oryI e

Figure 2. Schematic representation of the connection of the solar panel

As a result of the experimental study, a linear decrease occurred in the maximum output power (Pmax),
voltage at load (Vmp) and current at load (Imp) with the increase of the temperature of the solar panel.
The experiment was carried out from 20 °C to 75 °C under a constant power of 1000 W/m?2. This constant
power was obtained with halogen lamps and the experimental setup is shown in Figure 3.
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Figure 3. Experimental setup

During the experiment, surface temperature measurements were made from 3 different points of the PV
panel and the surface temperature value of the panel was determined by taking the average of these
temperature values. This method was used to get the average value of the panel surface temperature
when the panel surface was heated with a halogen lamp. The comparison of the temperature values for
each thermocouple measured is shown in Figure 4. By taking the average of these obtained temperature
values, the average surface temperature of the PV panel was determined and it is shown in Figure 5.
Figure 6 shows the temperature profile of the solar panel at 25.7 °C recorded using a thermal camera.
K type thermocouple was used for temperature measurements, “Measurement Computing USB-2416"

was used as data collector for data collection. In addition, a digital multimeter was used to measure
voltage and current values.

Temperature Values

@ Temperature_1

B Temperature_2

Temperature (°C)

A Temperature_3

Time (Minutes)

Figure 4. PV panel surface temperature values
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Figure 5. PV panel average surface temperature

The power variation produced against changing temperature values is shown in Figure 7. During the
temperature change, the highest voltage value produced from the panel was measured as 18.31 V, the
lowest 16.99 V, the highest current value was 0.82 A, the lowest 0.76 A, while the maximum power was
15.01 W, and the minimum power produced was 12.92 W.

e

Figure 6. Temperature recorded at 25.7 °C using a thermal camera
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Table 3. Voltage, current and power values

oltage e Power (P
18,05V 0,811 A 14,63855 W
17,88V 0,8A 14,304 W
18,09 V 0,81 A 14,6529 W
18,02V 0,808 A 14,56016 W
18,31V 0,82 A 15,0142 W
18,18V 0,814 A 14,79852 W
17,98 V 0,806 A 14,49188 W
17,69V 0,793 A 14,02817 W
17,28V 0,775 A 13,392 W
17,07 VvV 0,765 A 13,05855 W
16,99 V 0,761 A 12,92939 W

3. Results and Evaluation

Solar energy, one of the renewable energy sources, has become more attractive especially in remote
areas where access to other power sources is difficult. The output power of the solar power system
depends on the solar radiation and the surface temperature of the PV panel. Solar panel temperature
has a great influence on the efficiency of a photovoltaic system, especially in a large system. It is also
known that temperature has an effect on other output parameters such as Pmax, Vmp and Imp. Therefore,
site selection is very important for installing a solar PV system. A low temperature location should be
chosen to install solar panel systems because every watt lost in a higher temperature environment
means a greater loss of efficiency. The importance of solar PV panel temperature should not be
neglected as stated in this study. In the present study, the power variation with increasing PV panel
temperature was determined experimentally. In the experimental analysis, the variation of the panel
surface temperature was observed under constant radiation. The response of the solar panel to
temperature changes under load was measured. As can be seen from the graphics, the surface
temperature of the solar panel increased from 20 °C to 75 °C, and on the contrary, the voltage value
decreased from 18.31 V to 16.99 V and the current value decreased from 0.82 A to 0.76 A, respectively.
The results show that if the solar panel is used under direct sunlight with constant radiation, the
temperature of the PV panel will increase gradually and the power obtained will decrease when a load
is placed on the circuit. The maximum power produced by the loaded circuit is 15.01 W at 44.71 °C at
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PV panel temperature. It has been observed that when the PV panel temperature rises up to 75 °C, the
power drops to 12.93 W with a loss of about 14% from the maximum generated power.

Each increase in silicon cell temperature reduces the conversion efficiency and reduces the power
output. When the active and passive cooling methods applied to reduce temperature rises are
compared, passive cooling methods can be preferred because they do not require an extra energy
requirement and thus are more economically feasible. Among these techniques, the phase change
material (PCM) absorbs thermal energy at a constant phase change temperature. On initial heating, the
PCM heats up sensitively and absorbs latent heat when it reaches its melting temperature. For
subsequent studies, the operating temperature of the PV module will be controlled with a suitable device
containing PCM to be placed on the back of the PV module. Thus, it is aimed to minimize the solar panel
power drop caused by the temperature increase.
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ABSTRACT

Type Il organic matter rich carbonates of the Upper Cretaceous in the Middle East
and North Africa, including southeastern Turkey, are recognized as major
unconventional hydrocarbon source rocks. A workflow for derisking productivity of
an unconventional play is examination ofthe S1 X 100/TOC ratios, which represent
potentially producible fluid oil and gas volumes or oil saturation index (OSI).
Analyses show that the Upper Cretaceous Karababa and Karabogaz formations of
the southeastern Turkey have producible fluid oil and biogenic gas potantial.

Keyword: Shale, Oil, Gas, Southeast Turkey

1. Introduction

Over the past decade or so, two technologies (i.e., horizontal drilling coupled
with large-scale, multistage hydraulic fracturing) have made it possible to
extract hydrocarbons trapped in self-sourced shale plays'2. The Upper
Cretaceous Karababa and Karabogaz formations of the southeastern Turkey extend
from Osmaniye in the west to Diyarbakir in the east, an area nearly 300 km long
and 150 km wide (Fig. 1). The formations are similar to the unconventional fluid oil
and biogenic gas producing the Niobrara Formation of North America. The aim of
this study is to examine producible fluid oil and biogenic gas saturations of the
Upper Cretaceous carbonates of the northern Arabian plate in southern Turkey
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based on their organic matter content, fluid oil and biogenic gas saturations,
maturity and sorption coefficient.

Recent studies show that sorption coefficient ranges from 100 to 40 mg oil/g TOC
to fluid oil and less than 40 mg HC/g TOC for biogenic gas 4. The correction of S1
for “evaporative loss” is an important step to restore the present-day values to
original values. API gravity is a major control on evaporative loss from C15+ (lower
boiling-range-point components) and can be represented by;

%C15+loss = %O0ilAPIgravity-

20:799/0.412. S1correction factor (S1cf)

= 1/(1 -%C15+loss)

Equivalent vitrinite reflectance (%Requ) formula of %Requ=0.0165 X Tmax - 65,143
was applied to the samples.
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2. Findings

Analysis of 123 samples from the 13 wells of mature areas (oil potantial areas with
0,6-0,91 %Requ) show that the TOC contents of the Cretaceous source rocks
range from 1.03 to 7.82, with an average of 2.5% wt. Average OSI values and
corrected OSI valules are 82,94 and 116,51 mg oillg TOC, indicating likely
presence of producible fluid phase oil saturations at those well locations.

Analysis of 53 samples from the 11 wells of immature areas (biogenic gas potantial areas with 0,35-0,58
%Requ) show that the TOC contents of the Cretaceous source rocks range from 1.11

to 16.29 with an average of 4,87% wt. Average OSI values and corrected OSI

valules are 65,42 and 72,61 mg oil/g TOC, indicating likely presence of producible

biogenic gas saturations at those well locations.

3. Conclusions

Nearly half of the 48,904 BOPD of conventional oil produced from the Turkish
sector of the northern Arabian plate is sourced from organic-rich levels and
produced from naturally fractured tight reservoirs the Cretaceous carbonates.
Analyses show that the Upper Cretaceous Karababa and Karabogaz formations of
the southeastern Turkey have producible fluid oil and biogenic gas potantial.
Unfortunately, no wells have been drilled for unconventional fluid oil and biogenic
gas, so far.
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ABSTRACT

Jabir bin Hayyan is a founding and pioneering scientist in the Medieval Islamic World. He is known as
the father of chemistry. Jabir produced the classification of substances, precision measuring
instruments used in chemistry, scales, instruments used in experiments, and revealed how to use
them. He is the owner of hundreds of works in the fields of science in which he works.

Jabir described and applied the practices and techniques that are the basis of laboratory operations.
Evaporation, sublimation, melting, condensation, crystallization, distillation, calcination (roasting),
filtration, purification, oxidation are some of these techniques. He developed the retort, which
facilitated distillation. He contributed to the development of casting techniques with his work on metal
refining and steel preparation. Its substances were classified as gases, metals and minerals. He
explained the gas-pressure relationship. He established the first chemistry laboratory. He used the
precision scale. He implemented the units of weight and measure. He explained the use of the water
bath and the chemical furnace. He prepared fabric and leather dyes and hair dyes. He made
varnishes that made the fabric waterproof and protected the iron. He used manganese dioxide for the
production of colored glass; and iron pyrite to write in gold. He made researches on glazing tiles and
ceramics and developed products. He developed a type of paper that does not burn in fire and ink
that can be read at night. The refining of metals and the preparation of steel contributed to the
development of casting techniques.

Cabir Bin Hayyan made determinations showing the atomic structure of substances and said that
certain amounts react with certain amounts in chemical reactions. He talked about the splitting of the
atom and pointed to nuclear energy.

Cabir draws attention with his contributions to the science of chemistry and chemistry technologies as
well as to the system of scientific thought. He argued that experimentation and the results of
experiments would not be conclusive. He explained the features of scientific thought. He put
experimental studies and observation at the center of science. He appears as a scholar who collects
and applies skepticism, which is the basis of scientific studies.

In this study, Cabir's scientific and intellectual life and discoveries are discussed. In addition, the
system of thought that Cabir put forward based on Chemistry is presented through the eyes of science
historians.

Keywords: Cabir Bin Hayyan, Fuat Sezgin, history of chemistry science, scientific thought, chemical
technologies

1. Introduction

History of science is a discipline that explores the relationship of science with economic, political,
religious and social context. Since science is in constant interaction with social values, history of
science courses have an important place in helping individuals acquire cultural, religious and moral
values.[1]

The history of science also demonstrates when and under what circumstances a society can
contribute to science with examples. While making these contributions, it also reveals what kind of
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effort scientists have made, the methods, tools and equipment they use. It is better seen how the
scientific results obtained are put into practice and what kind of changes they cause in human life.
Therefore, science education presented together with the history of science and philosophy of science
reveals the value and importance of science. This increases student motivation.

The philosophy adopted throughout the current curricula in our country requires reference to national
values and cultural awareness.[2] When considering these references, it can be better understood
that history of science becomes a very important tool for students to obtain culture and the human
values. However, it is argued in the courses and curricula that the relationship between science and
culture can not be established properly. The history of science and philosophy of science can not be
presented adequately and accurately, especially when teaching subjects.[3]

It is a general opinion that scientists from our own history are not sufficiently included in the curriculum
and textbooks. Science historian Fuat Sezgin, with his intense and comprehensive studies, revealed
the contributions of Muslims to science and the scientific discoveries of Turkish-Islamic scientists with
documents. Most inventions and developments in science did not start in the West/Europe with the
Renaissance. Scientific studies were carried out by Muslims for in 8-16th centuries. Westerners also
learned from Muslims. However, these facts have not been sufficiently reflected in the textbooks yet.
In this study, the innovations brought by Cabir bin Hayyan, known as the founder of chemistry, to both
scientific method and philosophy of science and chemistry science and technologies will be discussed.
Scientific studies are carried out using scientific methods. For this purpose, careful observation and
experiments are needed. We observe the same universe as everyone else. Each researcher/observer
should be able to show what he sees to others. Since we all share and perceive the same universe
and nature, we are in cooperation. We work with the collective method. With joint work, science
becomes the common property of all humanity.

Jabir appears as a scientist who understood the importance of the experimental method in natural
sciences and applied this method in all his studies. His statement, "We did not mention what we
heard, what we were told or what we read, but only we discussed the characteristics of what we
observed after experiencing it"[4] is famous. We see that medieval chemists were largely under the
influence of Jabir. Many philosophers and scholars, especially Abu Bakr er-Razi (865 - 925), and
Avicenna (980 - 1037), recognize him as a master. Roger Bacon (1219/1220 - 1292) with his work on
systematizing experimental science referred to him as "the master of masters".[5] It is reported that
Francis Bacon learned the scientific method from his works and Rene Descartes (1596-

1650) imitated him.[6]

He became famous with the following statement that revealed the importance he gave to
experimentation: "The first important thing in the science of chemistry is to make practical applications
and conduct experiments, because a person who is not in practical application or experimental studies
can not reach even the lowest levels of science. O son, do experiments so that you can acquire
knowledge. The scholar delights not in the abundance of matter in his hands, but in the perfection of
his experimental methods”

1.1 Purpose and Scope of the Study

In this study, we will discuss the scientific studies of Cabir bin Hayyan and the innovations he brought
to scientific thought. Science historian Fuat Sezgin has done the most comprehensive study on Cabir
bin Hayyan. Fuat Sezgin prepared a habilitation thesis on Cabir bin Hayyan at Frankfurt University,
where he worked as an academician (1965, Institut flir Geschichte der Naturwissenschaften) and was
awarded the title of professor a year later.[7]

Cabir bin Hayyan, who has little information about his family, was born in 721 to a Turkish Pharmacist
father. The exact date of his birth is not known and it is accepted that he died at the age of 96 in
approximately 815 (H. 200). According to a rumor, his real name is Kayahan. He was born in Tus,
Khorasan, and immigrated to Kufa with his family at a young age. His first teacher was Cafer-i Sadik,
known as the 6th Imam. He specifically states in his own works that the source of inspiration in
science is Cafer-i Sadik. Upon the Imam's death in 765, he entered the service of the Abbasids during
the reign of Harun Rashid. In a short time, Cabir continued his studies at Harran University as reis-ul
muderrisin, corresponding to the current rector's office.

Cabir bin Hayyan has more than 1000 books written in the fields of chemistry, medicine, physics,
astronomy and philosophy. Most of his books belong to applied physics and chemistry, theoretical
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chemistry. He also has books on physics, chemistry, mathematics, astronomy and the history of
religions.[8]

Although Jabir's work spread to medicine, astronomy, mathematics, philosophy and other fields of
science of the period, he is considered a first-degree chemist. We can say that the British historian of
science Eric John Holmyard (1891-1959) was the first to determine his distinguished place in the
history of chemistry and to see that he turned chemistry into a systematic experimental science. This
researcher is of the opinion that in the history of sciences, Jabir has a special place not only as a
chemist, but also as a physician, philosopher and astronomer. German chemist and historian of
science Edmund Oscar von Lippmann (1857 - 1940) states about Jabir’s place in chemistry that is
equivalent to the founders of modern chemistry, such as Robert Boyle (1627-1691), Joseph Priestley
(1733-1804) and Antoine Lavoisier (1743-1794). [9]

2. Jabir's Inventions and Theories

We mentioned that Fuat Sezgin did the most comprehensive studies on Cabir bin Hayyan. Sezgin
summarizes Hayyan's contribution and level to the science of chemistry as follows:[10]

“Cabir learned the science of chemistry from some teachers and books from the cultural centers that
joined the Islamic world. The high level reached by this science in Jabir can be easily followed from
the books that have reached us. He brought the science of chemistry to a level that could only be
surpassed in the 18th and 19th centuries which were based on numerical and experimental
foundations, aside from the next minor contributions. Over time, he appears as a natural philosopher
who expanded his field with all natural and philosophical sciences, apart from chemistry. He thought
that the whole universe was based on mathematical measurements, and called it "the
balance(mizan)". He believed that man could tear all the veils of secrecy of the universe, and that
animals and humans could be created by chemical means.”

We can summarize the scientific horizon and innovations that Jabir bin Hayyan brought to scientific
thought as follows:

Cabir bin Hayyan is a scientist who established a laboratory for the first time in the history of all
sciences, especially in the field of chemistry, and brought the way of observation and experimentation
to scientific research for the first time. Cabir bin Hayyan surprises with the new explanation
approaches he brought to the field of imagination (tahayydl), theory (nazariye) and
experiment/experience. He brought up the issues that came to the fore only in the 20th century and
whose reality was reached. For example, he said that scientific studies can make changes even in
living things. He explained this thought with the following words: “God has given us physical laws. With
these, we can make plants, animals and even humans similar to them. Allah has endowed human
beings with such abilities that humans are capable of unraveling all the veils of mystery in the universe
with it.”

It is discussed how Cabir reached the explanations that drew the limits of genetics, which came to the
fore only at the end of the 20th century. We can say that Jabir had the idea that all natural events and
features could be solved by number laws and mathematics in reaching these ideas. He saw and
stated that the properties of the goods are suitable for measurement and that these properties can be
based on numerical ratios. The following statement is noteworthy in this regard:

“Chemical events occur in nature by the will of Allah Almighty. A chemist is a person who performs
chemical reactions that occur in nature. A scientist is a person who can come up with other inventions
starting from a discovered invention.

He is known as the scientist (scholar) who had the first word about the nuclear science as well as the
genetics of Jabir bin Hayyan. The Greek philosophers said that the atom can not be split. On the
contrary, Jabir said that the atom can also be split and that it is full of energy and mobile. We see that
Hayyan uses the concept of "particle (zerre)" instead of atom[11]. He stated there will be a great
energy coming out as a result of splitting the “particle”. He became famous for his saying:

“Cuz-U la yetecezza (indivisible), which the Greeks call atom, is also broken up and energy is
produced from it. This is such an energy that it is not like an analogy but it is like the power of Allah.
Such a smash of a bubble could, God forbid, destroy a city like Baghdad.”

With his studies on the atom/element, Jabir refutes the thesis of Greek scholars that "atom is the
smallest unit of matter that can not be broken apart". “There is movement in every particle, as in the
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movement of stars and planets in the sky. One of the most important properties of every substance is
motion. Even the smallest particles have movement, and this is their smallest feature. There is no
such thing as stagnation and inactivity. Movement is the art of the unique Creator of the universe in
creation.”

2.1 Cabir's Studies in Chemical Science and Industrial Chemistry

We can summarize the information about Cabir's discoveries, which are also included in Fuat Sezgin's
book on Architecture, Geometry, Physics and Chemistry in Islamic Civilization, as follows: [12 ]

Cabir bin Hayyan used different methods such as distillation, crystallization, filtration and evaporation
to separate the ores and determine which basic elements they consist of. For this purpose, he used
various laboratory tools and equipment. He discovered substances such as hydrochloric acid, nitric
acid, citric acid (found in lemons and oranges), and acetic acid (found in vinegar). He called
substances that neutralize acids "alkaline". He discovered that a certain amount of alkali (base) is
required for acids to neutralize. Along with the acids he discovered, he showed the ways of producing
king’s water (a mixture of nitric acid + hydrochloric acid), which dissolves gold. He introduced methods
of purification of gold and mercury elements. He classified salts as water-soluble substances. The
alum was purified by crystallization. He developed techniques and routes for the production and
preparation of other chemicals, such as the production of mercury oxide, silver nitrate, arsenous acid,
citric acid, tartaric acid, and potassium nitrate.

It is known that Cabir bin Hayyan used more than twenty laboratory instruments. He also states that
chemical furnace models are included in the book named Liber florum Geberti, which is among the
Latin sources about Cabir bin Hayyan and contains pictures of chemical furnaces.[13] Similar tools
were made in the Museum of the History of Science and Technology in Islam and are exhibited
there.[14]

To summarize, Jabir bin Hayyan is the founder of chemistry as a science based on quantitative and
qualitative principles. He is the inventor of sulfuric acid, nitric acid, sodium carbonate and potassium.
He studied poison and the structures of poisonous substances. He collected his experiences on this
subject in his book called Kitab-is-Simum.

Dr. Sigrud Hunke (German doctor of philosophy, 1913-1999) says the following about Jabir: “Instead
of the simple smelting methods of mines known up to that time, Jabir developed methods of smelting
with the help of nitric acid, sulfuric acid and gold melting water that he produced himself. In this way,
Jabir and those who came after him made innumerable syntheses. Of these, they obtained many other
compounds, such as mercury oxide, cinnabar (former name for red lead oxide), arsenic, ammonia,
silver nitrate, alum, bluestone, and caustic potash.

Jabir became a researcher who constantly pondered how his discoveries would be reflected on
society. According to Cabir, nature contains all kinds of technological secrets for people. Chemistry,
which is a basic science, will be useful to the extent that it is reflected in daily practices. Jabir was
preparing hair dyes with his experimental works, inventing varnishes that made the fabric waterproof
and protected the iron. He used manganese dioxide in glass production and iron pyrite to write in gold.
He developed a type of paper that does not burn in fire and ink that can be read at night. He showed
how to dye and tangle leathers with liquids from plants. The first to make and use the still is Jabir bin
Hayyan. His great book on chemical properties covers topics such as weights and units of measure,
chemical compounds, and dyes. These works describe the use of a water bath and a chemical oven.
Cabir states that the knowledge and principles to be obtained through experimentation are certain and
changeable; He knew that knowledge could be falsified or verified by research. He emphasized that
knowledge is based on probabilities rather than certainties (zanni and ihtimali). He underlined that the
basis of his method is ‘consistent observation and solid experience'. This approach forms the basis of
modern science today. Therefore Cabir is considered to be the first practitioner of the scientific
method in experimental work.

2.2 Laws of Multiple Proportions and Definite Proportions (or law of constant composition)

According to Cabir, matter is in the form of particles called granules. The task of chemistry is to
separate or combine these particles with each other. The particles he was talking about were the
smallest elements of matter, which had long been considered indivisible, namely atoms. More
generally, they are compounds or minerals.
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According to Cabir bin Hayyan, the identity of each substance under investigation can be determined
by the analysis method for the elements. According to him, every element or compound maintains its
identity as a pure substance. The appearance of any sample as different indicates that it is mixed with
a foreign substance, not the change of the substance it represents. Thus, with Cabir's work, the
understanding of chemical transformation settled on a certain basis.

As it is known, the science of stoichiometry in the chemical industry is based on determining how
much of each component is required for the production of a chemical in the desired amount. With the
discovery of Jabir, this determination task was freed from the trial-and-error, that is intuitional or
estimation

In summary, we can say that Jabir's atomic models are based on two laws. These; (I) the law of
conservation of mass and (ll) the laws of constant and multiple proportions. The law of consant
proportions states that there is an unchanging ratio between the masses of the elements that make up
a compound. Conservation of mass yields a product equal to the amount of products formed after the
reaction. This is what was unknown until then.

The historian of science Leicester draws attention to the importance of these discoveries (conservation
of mass and the law of constant proportions): It was so important that firstly, chemical bodies are
composed of a set of basic properties in certain proportions, and contrary to the ideas of the ancient
Greeks on this subject, these basic properties can be separated and be recombined in proportions
and thus new objects can be formed.[15]

He expresses that the elements in the compounds are in the ratio expressed by numbers, and that the
reactions are not random, but interact with each other in certain proportions and amounts:

"Properties of things (havass) are measurable and based on numerically detectable proportions,
especially in the field of chemistry. For example, if the vinegar loses its sour taste with the addition of
murdeseng (lead oxide of Cabir), it means that the vinegar actually has a specific composition that can
be expressed in numbers. In this example, the lead oxide’s ability to alter vinegar is not accidental, on
the contrary, it depends on the internal properties of the object, and this arbitrary alteration is the task
of the chemical process .[16]

However, properties related to the interior of the atom, such as the number of bonds formed or broken
and formed while forming a compound, began to develop in the early 20th century. Because until this
century, the inside of the atom was an enigma.

2.3 Classification and Measurement-Based Chemistry

Cabir also did the first classification studies on substances. He divided the objects into three classes
according to their properties. This classification guided later classifications. Jabir's classification of
substances into three is very similar to today's classification:

(I) Substances that evaporate when heated, such as sulfur, arsenic, mercury and ammonium chloride
(volatile ores); (1) metals such as gold, silver, lead, copper, iron; (lll) substances (saltz, minerals,
stones) that can not be hammered into form but can be pulverized. This view of Jabir was the
beginning of today's classification of elements into metals and non-metals.

The discovery of precision measuring instruments used in the science of chemistry also belongs to
Cabir. He manufactured the tools used in the experiments; also showed how to use them. A precision
balance that can measure weights 6,480 times smaller than the unit of weight, which is approximately
1 kilogram, is also among the inventions of Cabir.

2.4 What Did Science Historians Say?

Science historian the book prepared and presented by Esin Kahya [17 ], we have the opportunity to
learn extensively about the scientific side of Cabir ibn Hayyan and his contributions to science. One of
those who did extensive research on Jabir was the historian of science Eliezer Paul Kraus (1904 -
1944). He commented on his works and ideas in his book. There are also studies on Jabir by Pierre
Lory, Paul Kraus, Lory, H. Corbin as well as other historians of science. Suleyman Hayri Bolay made a
study that evaluated all these studies collectively.[18]

Fuat Sezgin, who made the most comprehensive studies on Jabir, says: “Muslims established the
science of chemistry as an experiential science in the 2nd century A.H. The man who founded it was a
great person, a great scientist, Jabir Ibn Hayyan. The books of Cabir ibni Hayyan were transferred to
Europe in the 12th century, they called him Geber. This man made such progress in the science of
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chemistry that we see some new movements that can only be added to it in the 18th and 19th
centuries.”[19]

Chemistry historians agree that Jabir is the "Ancestor of Chemistry". Chemistry historian E. J.
Holmyard (1891-1959) states that “Cabir contributed as much to chemistry as Boyle and Lavoisier.”
Science historian and archaeologist M. Mayerhoff said, "The development of chemistry in Europe is
based directly on Jabir."

Roger Bacon (1214-1291) says his discoveries in chemistry were more important than Joseph
Priestley (1733-1804) and Antony Lavoisier (1743-1794).

Experimental studies that can be considered the basis of modern chemistry Along with Cabir bin
Hayyan, ZunnGn-i Misri (d. 860), Raazi (860-925), ibni Sina (980-1037) and Mecriti (?-1007) made
important studies in the field of chemistry.

The science of chemistry began to reach Europe from the 12th century. Europeans released hundreds
of books under the name of the Latin World "Geber", that is, Jabir. When we research them, we see
that some of Cabir Hayyan's books have been changed or they have been made with minor additions.
Science historian Henry M. Leicester's book The Historical Background of Chemistry, (Dover, New
York 1971, p. 66.), states that Muslims' contribution to the development of chemistry is important in
several respects. The author lists them as follows: First, as seen for the first time in the works of Jabir
bin Hayyan, Muslims saw that chemical bodies were composed of a set of basic features in certain
proportions. Contrary to the ideas of the ancient Greeks on this subject, it was discovered that these
basic properties were separated and recombined in certain proportions and thus new substances were
formed. These discoveries bring to chemistry both an analytical and a synthetic research method.
Secondly, it is discussed that these properties exist in a certain balance/ratio (= mizan) in objects.
Third, and perhaps most importantly, we can see all the elements of a modern chemistry experiment in
the descriptions of the experiments. For example, there is an experiment by Mecriti on the oxidation of
mercury. In this experiment, almost every element that should be in a classical chemical reaction is
included: a) reactants, b) their quantities, c) reaction conditions, d) substances obtained at the end of
the reaction, and e) their quantities.

When we look at Antoine Laurent Lavoisier's (1743-1794) Introduction to the Science of Chemistry
(Troite Elementaire de Chimee) written in 1774, we see this: What a new chemical
substance/compound name; nor is there information that expresses a hew concept of chemistry. In
this work of Lavoisier, he systematized only the chemistry knowledge that existed before him; re-
explained. He gave new symbols to known chemicals and compounds.

3. Conclusion and Evaluation

As a result, Jabir used the measurement and weighing processes skillfully and brought a new
perspective to the element concept and became the founder of experimental studies in chemistry. In
addition, Jabir was the first to reject the thesis that the atom is indivisible. He is the inventor of
waterproof paper and stainless steel. It is known to obtain aqua regia which dissolves platinum and
gold. Many chemistry terms used by him for the first time are still used today. Presenting his research
as a synthesis of mathematics and experiment, Jabir introduced chemistry as the art of transforming
matter. He invented many laboratory materials such as retorts, tubes, furnaces for the first time. He
produced the tools that can be used in experiments. He explained how to use it.

We can say that the most important quality of Cabir bin Hayyan is empiricism. The foundations of
chemistry were laid both in theory and in practice. He is known as the scholar who established the first
chemistry laboratory in the world. He made precision measuring instruments used in experiments. He
contributed to the definition of elements by saying that chemical substances combine in
transformations (reactions) without losing their properties. He carried out studies on the way of
obtaining pure elements.

Scientists who came after him accepted him as the founder and father of modern chemistry and tried
to take Jabir's inventions and thought system further. Among them, we can count Abu Bakr Razi, Ibn-i
Sina, Maslama El-Macriti and Farabi. His works were taught in Islamic madrasahs(educational
institutes) for centuries, and this science passed to the West through the Andalusian state. The issues
that constituted the beginning of modern chemistry, such as the widespread use of scales and
measuring instruments in experiments, the observation and consideration of numerical relations
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between substances in experiments, testing and associating theories with experimental results, came
to the fore again in the 18th century. In the 18th century, scientists such as Robert Boyle, Antoine
Lavoisier and John Dalton reconsidered and defined the discoveries of Islamic scholars such as Jabir
bin Hayyan. In fact, there is no innovation in the discoveries of these scientists. Most of these
inventions are repetitions of Jabir's inventions.

4., Conclusion

As a result, with the works of Jabir, the atom and element teachings were freed from being
philosophical, but began to gain a scientific, more specifically a chemical identity.

Alchemy was common at that time. Magic and Alchemy were intertwined. In a world dominated by
alchemy, Jabir became the first modern chemist who tried to grasp and understand nature and natural
forces with experiment-observation and reason. With these studies, magic was thrown out of positive
science. In this way, the foundations of modern chemistry based on experiment and experience were
laid.

Jabir draws attention with his contributions to the scientific thought system as well as his contributions
to chemistry. It was his contemplation or thought life that made him great and completed his scientific
life.

He did not claim that the knowledge and principles to be obtained through experimentation are certain
and unchangeable. On the contrary, he specifically stated that these are presumptive and probable, as
is the case with modern scientific studies. The basis of his method is "confirmed observation and solid
experience".

Jabir bin Hayyan appears as a person who collects the features of scientific thought in his person. For
example, he had a skeptical personality, constantly doubting the validity of experiments and analyzes
in his own work. He was aware that something new would be discovered every day, and he expressed
that experiments and analyzes were based on probabilities. Thus, he applied skepticism, which is the
basis of scientific studies, most strongly in his life.

We see that Jabir bases his scientific experiences on skepticism and questioning, and explains his
works down to the smallest detail. Of course, if he had written the same works using the technology of
our age, he would have achieved modern results. Because he was using the inductive method; He
was trying to find the smallest piece of matter, analyzing it and reaching the result. He also made use
of the deductive method in his external observations. In other words, he came to a conclusion by
examining matter from its natural state to the smallest part. Since he followed scientific methods, he
did not linger with dreams and hypotheses, he produced scientific studies in the real sense and broke
new ground in science.
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ABSTRACT

Today, energy efficiency is an essential issue in all institutions. With the developing technology, artificial
intelligence and machine learning have become widespread in every field. This study focuses on the
application of machine learning to energy efficiency. FPFS-kNN, a state-of-the-art machine learning
method, has been applied to the energy efficiency dataset obtained from the UCI database. A
comparison with well-known machine learning methods is provided. The results manifest that FPFS-
kNN outperforms the others. Finally, FPFS-KNN and the need for further research are discussed.

Keyword: Soft sets, fpfs-matrices, Machine learning, FPFS-kNN, Energy efficiency

1. Introduction

Energy management in the business received very little attention prior to the 1970s [1]. The oil crisis of
the 1970s, which raised worries about energy security and fiercely pushed for more energy-efficient
technology and practices, was one of the turning points [2]. The energy utilization landscape now is very
different from what it was in the early 1970s. Economic and environmental factors are driving a shift in
the way we think about how we use energy, with an increased focus on reducing wasteful losses and
inefficiencies [3-5].

For instance, creating appropriate key performance indicators for energy efficiency is crucial to collecting
and tracking performance and advancements. To solve these concerns, the scientific community has
been actively involved. The literature on the issue is extensive and covers various themes regarding
industrial energy efficiency [6,7]. This is an inherently interdisciplinary field, which includes contributions
from a merely technical perspective to contributions emphasizing social or economic dimensions [8].

Recently, machine learning methods have been applied in many fields and have achieved considerable
success [9-15]. This study aims to apply one of the state-of-the-art machine learning methods, fuzzy
parameterized fuzzy soft k-nearest neighbor (FPFS-kNN) [16], to energy efficiency.

Section 2 of the present paper provides the basic definitions and notations needed for the following
sections. Section 3, firstly, provides the energy efficiency dataset and its properties. Then the
performance metrics for the comparison are presented. Afterward, FPFS-KNN is applied to the energy
efficiency dataset and compared with the well-known machine learning methods. Finally, FPFS-kNN
and the need for further research are discussed.
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2. Preliminaries
2.1. Fuzzy Parameterized Fuzzy Soft Matrices

This section provides the concepts of fpfs-sets [17] and fpfs-matrices [18]. Across the paper, let E be a
parameter set, F(E) be the set of all the fuzzy sets over E, and u € F(E). Here, a fuzzy set is denoted
by {“(")x | x € E}

Definition 1. [17] Let U be a universal set, u € F(E), and a be a function from u to F(U). Then, the set
{(”(")x, a(“(")x)) | x € E} being the graphic of «, is called a fuzzy parameterized fuzzy soft set (fpfs-set)
parameterized via E over U (or briefly over U).

From now on, the set of all the fpfs-sets over U is denoted by FPFS;(U). In FPFS;(U), since the graph(a)
and a generate each other uniquely, the notations are interchangeable. Thus, as long as it leads to no
confusion, a stands for an fpfs-set graph(a).
Example 1. Let E = {x;, x,, x5} and U = {uy, u,, us, u,}. Then,

a = {(0'4361, {0.4u2’ 0.7u3' 0.4u4})' (0.2x2’ {1u1’ 0.4u2, 0.8u3’ 0.7u4}), (0'3X3, {0.4u1’ 0.8u3' 0.5u4})}

is an fpfs-set over U.

Definition 2. [18] Let a € FPFS;(U). Then, [a;;] is called fpfs-matrix of & and is defined by

aol a02 a03 e aOn ---]
a1 Q12 Q13 - Qip
[aj] =] + & -

A1 OAmz2 Amz - Omp -

such that for i € {0,1,2,---}and j € {1,2,--- },

i u(x), i=0
Y a (”(xf)xj) (up), i#0

Here, if [U| = m — 1 and |E| = n, then [a;;] has order m x n.
Hereinafter, the set of all the fpfs-matrices parameterized via E over U is denoted by FPFS;[U].

Example 2. The fpfs-matrix of a provided in Example 1 is as follows:

04 02 0.3
0 1 04
[a;j] =[04 04 0
07 0.8 08
04 0.7 05

2.2. Fuzzy Parameterized Fuzzy Soft k-Nearest Neighbor (FPFS-kNN) Classifier

This section firstly sums up the basic notations concerning FPFS-KNN (for more details see [16]) as

follows: Across the present paper, let D == [dii]mx(n+1) represents for a data matrix related to energy

efficiency, and its last column contain classes of the data. Here, m and n represent the numbers of the
attributes and samples in D, respectively. (Diest Jmyxns (Derain)myxn, @nd (C)m, x1 denote the testing
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matrix, training matrix, classes of the training matrix, the derived from D, respectively, such that m; +
my, = M. Di_trgin @Nd D;_;ps indicate i® row of Dy 4, @and D, respectively. Similarly, Dtrqin-j and
Dyese—j describe j** column of Dyygin @Nd Dy, respectively. T, x1 represents the predicted class matrix
obtained from D4, and Dq,;. Let I, == {1,2, ..., m} and I, :== {0,1, ..., m}.

Definition 3. Let [a;;] € My, (R). Then, feature fuzzification of [a;;] is defined by

al-j
, maxsg, #0
5. .— Jmaxay; k
A;j = k
1, m};axsk1 =0

Definition 4. Let Dy.q;, With m; X n and Gy, »; be a training matrix and the class vector of D,4;,. Then,
fw is called the PCC-based feature weight vector of D;,,;, and is denoted by
fwlj = |P(Dtrain—jxc)|t jE In
Definition 5. Let u € R™. Then, the vector % € R" defined by
( w—min{ul

max{u, } # min{u, }

7 max{u }— min{u }' kel kel :
U; = kel k k€I, k " " ’ L€ In
1 max{u,} = min{u
) keln{ k} kEIn{ k}

is called normalizing vector of u.
Definition 6. Let D = [dif]mx(n+1) be a data matrix, i € I,, and j € I,. Then, the matrix D = [d;;]
defined by

di' - mln{dk]}

. max{dkj} * min{dkj}
dy; = kmez;\x{dk i} - mm{dk i} ke kel

1, ;{Té?;lx{dk]} mln{dkj}
is called column normalized matrix (feature-fuzzification matrix) of D.

Definition 7. Let (Dggin)m,xn b€ @ training matrix obtained from D = [dij]mx(n+1)' Then, the matrix
Ddtrain = [dij—train]mlxn defined by
dij—train Eé}n{d ]} .
~ , max{dkj} * mm{dkj} . .
dij-train = E};}X{dk]} mm{d ;) kemm k€l i €l andj €I,
1, }(ré?x{dkj} mln{dk]}
is called column normalized matrix (feature-fuzzification matrlx) of Dirgin-
Definition 8. Let (Dies¢)m,xn b€ @ training matrix obtained from D := [dij]mx(n+1)' Then, the matrix
Diest = [&ij_teSt]mzxn defined by
dij—test — min{dkj} () ( }
. maxidy;f # min{dy;
i otost = ;(rér;lX{ko} mm{dkj} kElm KElm i €Iy, andj €,

1, max{dk]} mm{dk]}

k€lm
is called column normalized matrix (feature-fuzzification matrlx) of Dyegt-

Secondly, the flowchart of the FPFS-KNN is presented in Figure 1.
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Read (Dirain )my xn s Cmy w1+ (Diest)myxn, k, COrrname

¥

| Compute fw using Dyyqin and C' according to corrname |

‘ Compute 5tmn and ﬁtest |

] ComputeUp; and Dy, |

Done: Forr from1tol <

Next

For i from 1 to mo

Next

—is .
Done—» optain F ascending-sorting of F'*

|Obtain &’ = [gts]ixs, k-mean of F* I_

—a
‘ Setmng as row number of D ...

A 4

Compute testfpfs-matrix [a;;] using
fwand D;_teq

Construct F** = [fi*] as follows
i 74 il )
.ﬁ? A dE([azJ] [sz])
0 fii < st([aiJL [bi5])
12— & ([ai], [b:5])
|
v
——Done Fori from 1 to msy <
|
Next

w 4— most repeated
Done
element of h
\ 2

t;l — Ul |—

hs < argmin {g};}

rel;

|

Return Predicted Class Matrix T

myx]

Figure 1. Flowchart of the FPFS-KNN [16]
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3. An Application of FPFS-kNN to Energy Efficiency and Its Performance Comparison
3.1. Dataset

The Ecotect simulation of 12 various building shapes is used for energy analysis. The buildings'
differences include, among other things, the glazing area, glazing area distribution, and orientation. The
scenarios based on the aforementioned traits to produce 768 building forms have been simulated. Eight
features and 768 samples comprise the dataset, which aims to predict two real-valued replies. If the
answer is rounded to the closest integer, the problem can be used as a multi-class classification. The
dataset parameters are Relative Compactness, Surface Area, Wall Area, Roof Area, Overall Height,
Orientation, Glazing Area, and Glazing Area Distribution, and its labels are Heating Load and Cooling
Load. The summary of the data is presented in Table 1.

Table 1. Details of the Energy Efficiency Dataset from UCI Machine Learning Repository [19,20]

Number of Sample Number of Attribute Number of Class1 Number of Class2

768 8 37 38

In this paper, the Energy Efficiency dataset is reduced to a multi-class classification problem by choosing
Heating Load label. Here, original data was designed for the regression task and multi-label
classification. By choosing one class label and rounding the values of the selected label, the multi-label
classification problem reduces to a multi-class classification problem.

3.2. Performance Metrics for Multi-Class Classification

In this subsection, the mathematical notations of the performance metrics, namely accuracy, sensitivity,
and specificity [21], are provided to compare the machine learning approaches mentioned above. Let
Diest = {x1, %5, , %2}, T ={T1, Ty, -+, Ty}, and T' = {T{, T,,---, T, } be the set of n samples to be classified,
the set of ground truth classes of the samples, and the set of prediction class of the samples,
respectively. Then,

X — 1 TP, + TN;
ccuracy(T, y ’ TP, + TN; + FP; + FN;
i=

l
Precision(T, T") 12 TP
recision B == —_—
[ LTP +FP

l
Recall(T, T") = 12 T,
et b =1, A TN, + FN;
i=
F1 — Score(T, T") 121: i
coret i =T, JTP + P, + FN;
=

such that
TP, == |{x} : i €T, ANi €Ty, k €L}

TN; = [{x, : i €T Ni ETy, k € L.}
FP,:=|{x, i €Ty Ni €Ty, k €l,}

FN; = {x; : i €Ty Ni € Ty, k € I,}|

Here, TP, TN, FP, and FN stands for the numbers of true positive, true negative, false positive, and
false negative, respectively. In addition, [ is the number of the total labels, and |. | denotes the cardinality
of a set.
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3.3. Simulation Results

According to mean performance results, FPFS-kNN performs better than the others. In addition, FPFS-
kNN produces 97.9503 accuracy rate, 56.5603 precision rate, 50.6345 recall rate, and 69.5325 F1-score
rate, while the others’ overall performance results are not over these scores rates. On the other hand,
the precision, recall, and F1-score results manifest that although the dataset is not stable, FPFS-KNN
achieves the best performance.

Table 2. Comparative results of FPFS-kNN with the well-known classifiers for energy efficiency

Classifier Settings Accuracy | Precision Recall F1-Score Running Time
kNN k=3 96.0341 34.8721 29.3461 47.9597 0.2494
SVM kernel = RBF 96.0430 40.6291 24.9679 49.6344 40.1944
Fuzzy kNN k=3 95.3973 13.0188 13.2525 28.3360 0.0086
Decision Tree - 97.9481 55.0903 49.4795 67.3957 0.0145
Boosted Tree - 96.8805 53.0962 29.8355 57.5616 0.9077
AdaBoost - 96.8805 53.0962 29.8355 57.5616 0.8741
FPFS-kNN k = 3, Pearson 97.9503 56.5603 50.6345 69.5325 2.9401

Accuracy, precision, recall, and F1-score results are presented in percentage.

According to mean performance results, FPFS-kNN performs better than the others. In addition, FPFS-
kNN produces 97.9503 accuracy rate, 56.5603 precision rate, 50.6345 recall rate, and 69.5325 F1-score
rate, while the others’ overall performance results are not over these scores rate. On the other hand,
the precision, recall, and F1-score results manifest that although the dataset is not stable, FPFS-kNN
achives the best performance.

4. Conclusion and Further Research

Energy efficiency is a crucial topic in any business area. Utilizing the new technological development in
energy efficiency is compulsory. Therefore, this paper applied the state-of-the-art machine learning
technique, namely FPFS-KNN, to this topic. The energy efficiency dataset in the UCI machine learning
repository was employed for application. Moreover, a comparative result of the FPFS-kNN with the well-
known classifiers was provided. The results manifest that FPFS-KNN outperforms the others.

Furthermore, it can be observed that from the precision, recall, and F1-score results in Table 2, the
considered dataset is unstable. To deal with this problem, new datasets can be collected on energy
efficiency, or new mathematical tools can be utilized or developed for stabilizing the energy efficiency
dataset employed in the present study. Finally, FPFS-KNN can be improved or specialized via different
concepts [30-33].
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ABSTRACT

As long as mankind exists, the needs of people will continue to rise. People continue to develop industrial
technologies and systems to respond to those needs. Energy consumption is rising as technology
develops. Therefore, the generation and transfer of energy needs to be efficient. In technical
applications, heat transfer between at least two fluids at different temperatures is among the most
common applications. The fluids are generally separated by a solid wall. These structures are called
heat exchangers. The hot water in domestic hot water tanks is heated by hot water from a boiler or by
solar energy or by using electrical heaters directly. If hot water is used as a heating source, helical tubes
placed in the vessel are usually used as heat exchangers. The objective of this study is to compare
coiled helical heat exchangers of various sizes and geometrical properties immersed in water. For this
purpose, an experimental setup was carried out to perform the heat transfer analysis of heat exchangers
with the same pitch value at different coil diameters and different pitches with the same coil diameters
and heat exchangers with different geometrical properties to be manufactured from straight copper
tubes.

Keyword: Heat exchanger, heat transfer, effect of design parameters, experimental setup

1. Introduction

Increased energy consumption and limited reserves of fossil fuels have led people to look for new energy
sources and new energy systems. Moreover, existing energy sources should be used effectively. To
this end, studies are ongoing to develop existing energy conversion technologies and new systems
(Tuncer et al., 2021).

The process of heat exchange between two fluids at different temperatures and separated by a solid
limit is performed in many engineering applications. The device used to perform this exchange is called
a heat exchanger. Heat exchangers; It is widely used in various fields such as cooling, heating and other
energy conversion systems (Than et al., 2008).

Many types of heat exchangers have been developed for use in steam power plants, chemical
processing plants, building heating and air conditioning systems, and cooling units. Helical heat
exchangers, one of them, due to their remarkable heat transfer performance, simple configuration and
low production costs, they are used in engineering areas such as power plants, nuclear reactors,
refrigeration and air conditioning systems, heat recovery systems, chemical processing and food
industries (Xin vd., 1996; Bai vd., 1999; Lin ve Ebadian, 1999).
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Figure 1. Three-dimensional model of the helical heat exchanger

Since the fluid flows through a coiled helical tube, the curvature of the propeller creates a centrifugal
force, resulting in the development of secondary flow (Izadpanah et al., 2018). The secondary flow
increases the mixing of fluids and hence the transfer of heat. There is an additional convective heat
transfer mechanism perpendicular to the axial flow that is absent in straight tube heat exchangers
(except those generated by buoyancy forces) (Rennie and Raghavan, 2006).

Studies were conducted by many researchers to investigate heat transfer in helical coiled heat
exchangers.

Prabhanjan et al. (2004) conducted an experimental investigation of natural convection heat transfer
from helical coiled tubes placed in water. The developed models are used to develop a prediction model
to predict the outlet temperature of a fluid flowing through a helical coiled heat exchanger, given the inlet
temperature, the water temperature in the tank, the heat exchanger dimensions and the flow rate of the
fluid. Ali (2004) experimentally investigated natural convection heat transfer from vertical helical coiled
tubes placed in a glycerol-water solution under steady state conditions. Mean heat transfer coefficients
were obtained for the transition to laminar and turbulent natural convection. Correlations are presented
to calculate the average Nusselt number in terms of the Rayleigh number, the ratio of coil diameter to
tube diameter, and the number of turns. Pawar and Sunnapwar (2013) have conducted experimental
research on convection heat transfer in steady state conditions in helical heat exchangers immersed in
water. Three heat exchangers with different geometrical properties were used in their experiments.

[—] Digital Temp. Indicator

Thermmocouples

Helical coil
Thermometer

Hot water
bath

Outlet

Rotameter Heaters =
By pass line
T4 b~
===
Pump Cold water reservoir
4
O Inlet

Figure 2. Experiment arrangement designed by Pawar and Sunnapwar (2013)
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Amori (2014) conducted experimental studies on the thermal and hydraulic properties of heat
exchangers consisting of helical tubes immersed in cold water. Two types of heat exchanger, consisting
of a single vertical helical tube and a parallel-connected vertical helical tube, were tested. A significant
increase in heat transfer was achieved in the triple heat exchanger in comparison with the single-tube
heat exchanger. Consequently, it was concluded that it was possible to use smaller heat exchangers.

™ thermocouple
IC[_)} pressure port flowmeter I\
y x globe valve
globe valve <
e 5 @)
1:‘ . =)
® ®
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Figure 3. Experimental setup used by Amori (2014)

Izadpanah et al. (2014), experimentally investigated heat transfer by natural convection from the outer
surface of a helical tube heat exchanger located inside a water storage tank. The refrigerant 134-a is
circulated inside the heat exchanger. The effect of coil diameter, pitch, number of turns and flow rate on
the outer Nu number was investigated. A new experimental correlation is presented for the Nu number
based on the characteristic length of the Ra number and the geometric parameters of the heat
exchanger.

This study aims to compare helical heat exchangers with different geometrical dimensions immersed in
water. Heat exchangers with the same pitch values for different coil diameters and different pitch values
for the same coil diameters are designed. Copper tube is preferred as heat exchanger material. The coll
diameters and pitch values of the designed heat exchangers were determined to keep the total tube
length almost same.

2. Experimental Setup

It is intended to study the thermal performance of immersed helical coil heat exchangers with different
geometrical dimensions. To achieve this goal, the experimental configuration, the schematic view of
which is given in Figure 4, was carried out.
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Figure 4. Schematic view of the experimental set-up to be used

L

In the experimental setup, a cold water tank, a heat exchanger placed in the tank, hot water tank,
electrical heater, PID temperature controller, circulation pump, flowmeter, thermometers and pressure
gauges were used. Below is a brief explanation of the functions of these elements.

Hot water tank: This is the tank where the hot water is stored. The heat exchanger is inserted into this
tank.

Electrical heater: Integrated into the hot water tank and controlled using the PID temperature controller.
PID Temperature Controller: Used to keep the temperature of hot water constant.

Circulation Pump: It provides circulation of cold water in the system. Flow Meter: The flow rate of the
water circulating in the system is measured.

Heat exchanger: Transfer of heat from hot water to cold water.

Thermometer: In addition to measuring the temperature of hot water at the inlet and outlet of the heat
exchanger, they are used for temperature measurements in cold water and hot water tanks and at
locations determined on the heat exchanger surface.

Pressure gauges: These are used to measure water pressure before it enters the heat exchanger and
after it leaves the heat exchanger.

2.1. Heat Exchanger Models to be Used

The heat exchangers to be used in the experimental setup will be made of copper tubes of the same
diameter and wall thickness, with the total tube length being almost equal. In order to examine the effect
of coil diameter on heat transfer, helical heat exchangers made of straight copper tubes with the same
pitch value and different coil diameters will be used. In order to investigate the effect of pitch on heat
transfer, helical heat exchangers made of straight copper tubes with the same coil diameter and different
pitches will be used. Figure 5 shows heat exchanger models in different geometric dimensions.
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(b)

Figure 5. Heat exchangers of different sizes (a) Same pitch and different coil diameters (b) Same coll
diameters and different pitch

A model of heat exchanger in straight tube will be chosen in order to compare the tubes with various
geometries with straight tube. Tests of helical heat exchangers, which will be fabricated from grooved,
corrugated and finned tubes in the same dimensions as this model, will be conducted.

3. Performing Tests

The tests are expected to be carried out in steady state conditions. In order to ensure steady state
conditions, the temperatures of the water in the hot and cold water tanks should not change over time.
The water filled into the hot water tank is heated to the test temperature using an electrical heater
controlled by the PID temperature controller and kept at this temperature. Before the experiments start,
the water in the cold water tank will also be brought to the temperature determined by using the PID
temperature controller and its temperature is kept constant throughout the experiment. The cold water
is sent to the heat exchanger by means of the circulation pump. The effect of dimensions on heat transfer
and pressure drop will be revealed by using the measured and recorded data with the data logger

4. Conclusion

The objective of this study is to compare coiled helical heat exchangers of various sizes and geometrical
properties immersed in water. For this purpose, an experimental setup was carried out to perform the
heat transfer analysis of heat exchangers of different sizes and different geometric properties. First, the
effect of dimensions on heat transfer and pressure drop will be revealed with regard to heat exchangers
of different sizes in straight tubes. Thereafter, grooved, corrugated and finned tubes with the same
dimensions as the straight tube will be used. Thus, the effects of the mentioned geometric properties on
heat transfer and pressure drop will be obtained.
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SUMMARY

Due to the negative effects of the refrigerants used in conventional cooling systems on the environment,
the search for alternative cooling technologies continues increasingly. Thermoacoustic cooling system
(TAS) is one of these new technologies. TAS is an emerging 'green’ technology based on the use of
sound waves for cooling. Inert gases used as the working fluid in this system do not have any negative
effects on the environment. In this study, information about TAS design was given and an experimental
setup was established depending on the design parameters. Most of the work in the TAS system has
focused on they stack material and geometry. Because the stack is considered to be the heart of the
TAS system. Therefore, in this study, an experimental setup was set up to test different stack materials.

Keywords: Thermoacoustic cooling, Stack, Resonance tube, Acoustic Power

1. Introduction

Research on sustainable development covers two main topics: environmental protection and energy
conservation. Global environmental concerns have brought with it the necessity to develop renewable
energy technologies to meet the world's energy needs. TAS has the potential to be a viable alternative
to replace traditional cooling and power systems due to its minimal carbon footprints. TAS devices have
attracted great attention as an alternative energy technology in recent years, due to their ability to work
with air or inert gases, the absence of moving components, their simplicity in their design, and their
ability to work with solar energy and waste heat[1].

basic principle of thermoacoustic cooling was established by Swift [2]. The thermoacoustic effect is
based on the principle that sound waves are pressure waves. Sound waves are propagated by airborne
molecular collisions. TAS uses high amplitude sound waves to pump heat to relevant areas within the
device via pressure oscillations. The wave in a thermoacoustic system has large pressure and velocity
fluctuations across the stack where heat is given to the released gas at high pressure and removed at
low pressure. Depending on the changes in temperature, as the pressure of the gas increases, the
temperature of the gas also increases.

The thermoacoustic principle has been the focus of attention of researchers for over two hundred years.
Heat-induced acoustic oscillations were first observed by Byron Higgins in 1777 , but the main
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theoretical work was established by a series of papers submitted by Rott and co-researchers from 1969
to 1980 [3].

In 1986, Hofler [4] introduced the first successful TAS with a cooling power of 6 W.

Minner et al. [5], Reid and Swift 6], Tijani et al . [7]. Names such as Hariharan [8] have done studies
showing that the working fluid causes a significant cooling effect as a result of oscillation at the
resonance frequency.

Terdi [9] experimentally investigated the TAS system using photographic film wrapped with nylon fishing
line as the stack material.

Girgin[10] used air and helium as the working fluid in his experimental study and compared the cooling
effects on the stack material of different sizes.

Somasekhar et al.[11] experimentally investigated the TAS performance of different sizes of resonance
tubes in their system.

Teja et al.[12] conducted experiments using helium as the working fluid, leather as stack material.
Most of the research has been done in the United States, others at universities in Europe and China.

2. Design of Thermoacoustic Cooler
TAS design parameters can be divided into three groups . As seen in Table 1, the first group includes
the geometric parameters, the second group includes the thermophysical properties of the working fluid

and stack material, and the third group includes the operating parameters.

Table 1 . Parameters that form the basis of thermoacoustics

Geometric Parameters Material Specific Parameters Operating Parameters

A- wavelength Working Fluid 0.-Cooling power

L s- stack length K- Thermal Conductivity A T m -Desired temperature

X ¢ - center of stack a- speed of sound range

2y o - stack space y-Dynamic viscosity T m - Average operating
temperature

2l- Plate thickness y- Ratio of isobaric and

. isochoric specific heats P m-Average pressure
A-Cross-sectional area

B- Coefficient of thermal P r- Pressure amplitude
expansion f - Frequency

Stack Material
ps _-intensity

C s- specific heat

K s-Thermal conductivity

The schematic view of the standing wave TAS system is shown in figure 1. The TAS system consists of
four basic components : acoustic source, stack, resonance tube and heat exchanger [4].
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Figure 2. Schematic view of the TAS system and Thermoacoustic processes [13].

2.1. Acoustic Source

In a TAS system, the loudspeaker shown in figure 2 is placed at the end of the resonance tube as an
acoustic power source to generate a standing sound wave at the resonant frequency.

Figure 2. Acoustic source:
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2.2. Resonance Tube

Resonance tube in the experimental setup [15,16]. PVC pipe has been preferred because of the
smoothness of its inner surface and its insulating properties. The resonance tube length is chosen as
A/ 4 [2,16]. Accordingly, the operating frequency was calculated as seen in equation 4.1. While
calculating the length of the resonance tube, the frequency of the sound wave to be used in the system
is also determined.

A=a/f (4.1)
a =340 m/s (4.2)

N0 Tea VLY NP Qe

Figure 3. PVC pipe used as resonance tube.

Loudspeaker with the resonance tube is made using a conical piece as shown in Figure 4.

Figure 4. The combination of the resonance tube and the speaker with the conical part.

Sound insulation of the speaker is made using a wooden box as seen in Figure 5.

220



3. ENERGY AND DESIGN SYMPOSIUM FOR SUSTAINABLE ENVIRONMENT IN RUMELI
3rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
2-3 February 2023 / February 2-3, 2023

Silivri, ISTANBUL

Figure 5. Packing the speaker in the box
2.3. Stack

The most important element in a TAS system is the stack, which is considered the heart of the system.
Therefore, stack properties have a significant impact on the performance of TAS . Mylar and celcor are
generally used as stack materials [17]. In addition, other materials such as fiberglass [5,18], glass [19]
aluminum [19,20], copper [19], stainless steel [21] and RVC [19,20] have been investigated.

Stack material should have good heat storage capacity and low thermal conductivity. Thus, the heat
transfer in the heap will be reduced and more heat energy will be stored.

Figure 6 shows the stack materials used in the TAS system.

(c)

Figure 6. Stack material used in the system (a) Mylar (b) Cotton (c) Glass Wool

Three different stack materials are used in the system. As can be seen in Figure 6 (a), mylar with a
thermal conductivity coefficient of 0.16 W/ mK and a thickness of 75 microns was cut into parallel plates
of approximately 0.3 cm in width and 8 cm in length, and 0.3 mm diameter fishing line is used to create
a space. Thus, the working fluid is provided to move freely in the stack.
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As seen in Figure 6 (b), the heat conduction coefficient is 0.07 W/ mK, the thickness is wrapped in a 50
micron cotton resonance tube diameter, cut into 8 cm length and wrapped with a tape that functions as
a stack holder, and made ready for experimental study.

As seen in Figure 6 (c), the heat conduction coefficient of 0.04W/ mK is wrapped around the diameter
of a 180-micron thick glass wool resonance tube and cut in 8 cm length and wrapped with a tape that
functions as a stack holder, and made ready for the experimental study.

Literature that the distance of the stack center location from the acoustic power supply end should be
M8 < stack center ( x ¢) £ A /20 . In this study, the distance of the center of the stack from the acoustic
power source is chosen as 12 cm. The longer the stack length increases the acoustic power. [22,23].
However, increasing the length increases the acoustic impedance and pressure drop, especially for a
dense stack. Therefore, it is expected that an increase in heap length will cause a decrease in COP.
Many studies seem to prove this finding.

[5,24,25,26]. Considering the system performance, the length of the stack was chosen as 8 cm [27 ].

2. 4 Working Fluids

Inert gases have been identified as the best working fluid for TAS [20,28]. Therefore, air was chosen as
the working fluid in the system.

2.5 Temperature Meter

As seen in Figure 7, temperature measurements are made using two temperature meters connected to
the cold and hot ends of the stack.

Figure 7. Connection of temperature meters to the resonance tube
2.6. Signal Generator and Operational Amplifier

The signal source and operational amplifier, oscilloscope and voltmeter used to generate sine wave in
the system are shown in Figure 8.
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@) (b) (©)

Figure 8. (a) signal generator and operational amplifier (b) Oscilloscope (c) Voltmeter used in the
experimental study

2.7 Assembly of Experimental Equipment

The experimental setup and schematic prepared by assembling the elements used in the experiment
are shown in Figure 9.

No. System Elements

one Speaker

2 resonance tube

3 Stack

4 Power source

5 DC 12V

6 operational
amplifier

7 Signal Generator

8 Oscilloscope

9 datalogger

10 Computer

T1 T sic

T2 T cooL

T3 T or

Figure 9. Experiment setup and schematic representation
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Table 2. Parameters used in the experimental study

Parameter studied value

Wave Structure Sinus

Resonance tube material PVvC

Resonance tube length 0.25m

Resonance tube diameter 23mm

Resonant frequency 340Hz

Stack material Mylar, glass wool and cotton
Stack length 8cm

Working fluid Weather

3. Results and Discussion

In this study, TAS design has been built and experimental setup was prepared in accordance with the
design parameters. While designing the experimental setup, the necessary parameters are investigated
and the studies are given in the literature section. Experiments are carried out using different stack
materials in the prepared setup. Three stack materials with different heat transmission coefficients,
namely mylar, cotton and glass wool, are used in the setup. As a result of the measurements made
every ten minutes with a temperature meter from the hot and cold ends of the stack material, it is seen
that there was an increase in temperature at one end of the stack and a decrease in temperature at the
other end. When these temperature differences are compared, it is observed that the highest
temperature difference occurs when mylar stack material is used. It has been observed that the results
obtained for the Mylar stack material are in agreement with the literature. In this study, glass wool and
cotton, which have not been studied before in the literature, are also tested as stack materials. Since
the results of the experiments with these materials could not be found in the relevant literature, a
compatibility review with the literature could not be made.

Prototype development costs are quite high because performance is relatively low in acoustic cooling
systems. For now, itis very difficult to predict whether thermoacoustic coolers will be used commercially.
However, as efforts to improve performance in this area progress, the possibility of thermoacoustic
coolers to compete with conventional coolers will increase.
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SUMMARY

Unexpected breakdowns of machines in production lines and different processing speeds cause delays
and blockages in the production flow. In such cases, buffer stocks between the machines allow
production to flow smoothly. For this reason, it is very important to adjust the capacity of the buffers of
the production line for production efficiency. On the other hand, adequate buffer levels allow for energy
savings by shutting down some of the machines during starvation and blocking periods. Online
production data such as machine breakdowns, buffer levels, machine idle states can be used to
calculate energy saving opportunity windows. In this study, it is explained with a mathematical model
that the desired production efficiency can be obtained while preventing unnecessary energy
consumption by adjusting the intermediate buffer capacities in the production lines.

Keywords: Sustainable production systems, production line, buffer stock, buffer stock allocation
problem, energy consumption, production rate

1. Introduction

Developments in technology and environmental problems arising with industrialization have made it
necessary to design environmentally friendly systems and to apply environmental approaches in
production. One of the biggest expenses in production systems is energy expenditures. Manufacturers
have now put energy efficiency on their agenda for reasons such as legal regulations, stakeholder
pressures, ecological awareness and to provide competitive advantage. Accordingly, it is necessary to
search for ways to save energy without affecting product quality and production efficiency.

Production lines consume about 75% of the energy used in production facilities [1]. Production lines are
frequently encountered in facilities where mass production is carried out such as automobile production,
food industry, electronic goods production. A production line consists of an array of machines that
perform the necessary processes to produce the product, with buffer stocks between the machines for
a smooth product flow. However, due to different machine speeds and unexpected machine
breakdowns, blockages in the production line or waiting for the part may occur from time to time. In other
words, when there are no parts to be processed in the front buffer stock, the machine goes into a waiting
(empty) state, and when the next buffer stock is completely full, the machine goes into a blocked (empty)
state, and these waiting and clogging situations in the line make it difficult to reach the desired production
quantities. These resulting production losses can be mitigated by increasing buffer stock capacities. In
such a case, factors such as investment costs in buffer stocks and limited stock space appear as
obstacles. The problem with determining the optimal stock capacities between stations is known in the
literature as the Buffer Stock Allocation Problem (BAP). In the BAP problem, the aim is to determine the
buffer capacities that maximize the production efficiency while keeping the total buffer stock capacity
constant. The BAP problem is an NP-hard combinatorial optimization problem. Due to the importance
and difficulty of the subject, it is a subject that has attracted the attention of researchers for the last 50
years. In order to examine the studies on the subject, the literature review of Weiss et al. [2] can be
consulted.

227


https://orcid.org/0000-0002-4221-9495?lang=en

3. RUMELI SURDURULEBILIR GEVRE ICIN ENERJi VE TASARIM SEMPOZYUMU

3rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
2-3 Subat 2023 / February 2-3, 2023

Silivri, ISTANBUL

Recently, due to increasing fuel prices and global competition, manufacturing companies have sought
a method to reduce costs. With the increase in sustainable awareness, the issue of energy saving in
production has come to the fore. When buffer stock levels rise above a certain level during production,
it is possible to shut down some machines to save energy. These times, called window of
opportunity/time for energy saving, are calculated from online production data. This strategy, developed
by Brundage et al . [3] to maximize energy savings in mass production lines, allows certain machines to
be shut down for energy savings without adversely affecting production efficiency. The authors
presented a set of performance indicators to measure energy efficiency and identify the least energy
efficient machine in the line.

In this study, it is explained with a mathematical model that the desired production efficiency can be
obtained while preventing unnecessary energy consumption by adjusting the intermediate stock
capacities placed between the machines in the production lines. Information is given about the methods
that can be used in the calculation and optimization of performance values.

In the second part of the study, the mathematical model of the buffer stock allocation problem updated
with energy saving is shown and the concept of the energy saving window of opportunity is explained.
In the fourth chapter, the Simultaneous Perturbation Stochastic Approach (SPSA) is proposed to
determine the optimal buffer capacities that provide energy savings while achieving high production
quantities, and the contributions of the study are summarized in the conclusion part.

2. Problem Description

The buffer stock allocation problem (BAP) is one of the most important problems encountered in the
design of mass production lines. The purpose of the problem is to determine the buffer stock capacities
placed between the machines. The buffers minimize the waiting and blockages of the machines and
ensure that the desired production quantities are reached. However, designing optimum capacities is
an important consideration due to the initial investment costs in buffer stocks and the costs associated
with buffer storage [4].

Figure 1 illustrates a serial production line with k-machine, k-1 intermediate stock.

i N TR N, o Ha.Pg Ny o Te i P
M| MQ M3 ................ > Mk

Figure 1 Production Line

The notations used on the figure are as follows:

M;, machinei,i=1,..,k

B;, bufferj,j=1,..,k—1

U;, the processing rate of the machine M;
p;, the failure rate of the machine M;

1;, repair rate of the machine M;

N;, the capacity of the buffer B;

In this study, the objective function of the traditional BAP problem has been expanded and made multi-
purpose. Accordingly, the production rate of the line, PR, is maximized and the energy consumption, E
, is minimized.

. PR(N) E(N)
N= (NTNaZ?-(--rNk—I) Z( ) - PRmax Emax (1)
K-1
Z. NS Nigpam =1 k1 )
]:

228



3. RUMELI SURDURULEBILIR GEVRE ICIN ENERJi VE TASARIM SEMPOZYUMU

3rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
2-3 Subat 2023 / February 2-3, 2023

Silivri, ISTANBUL

N; =0 j=1.,k-1

In objective function (1), both values are normalized by dividing by the maximum values in order to
achieve both objectives at the same time. In formula (2), the total storage area Ni,,;,miS given as a
constraint. The following section describes how adequate buffer levels and machine breakdowns are
turned into opportunities.

2. 1. Opportunity Windows for Energy Savings

In production lines, the slowest machine on the line, that is, the bottleneck, determines the amount of
production per unit time. Because the bottleneck causes the upline to become clogged when the buffers
above the machine are full, and the downline to wait empty when the buffers below are empty. The main
thing here is to prevent the bottleneck machine from waiting and clogging in order to avoid loss of
production.

It even causes loss of production when machine breakdowns occur, but this can be turned into an
advantage in terms of energy savings. Increasing buffer levels above a certain threshold makes it
possible for some machines to be turned off to save energy. Opportunity to save energy is the window.
At these times, the energy consumption performance values of the machines developed by Brundage
et al . [3] can be calculated and the machines that cause the most energy consumption can be
temporarily turned off. In the following section, the production amount per unit time and energy
consumption measurement methods will be discussed.

3. Performance Evaluation

Machine breakdown frequencies, repair speeds, processing speeds and buffer stock capacities are
factors that make it difficult to estimate production volume. Decomposition and Aggregation analytical
approach methods or simulation techniques have been used in the literature to estimate the production
rate, thus the amount of product produced per unit time. The use of simulation technique is proposed
for this study. Sensor data from the production line can be used to estimate energy consumption.

4. Finding Optimal Buffer Capacities: Simultaneous Perturbation Stochastic Approximation

The simulation model is run with the available parameters (operation time, repair time, deterioration rate
and intermediate stock capacity) and the product amount per unit time, PR, is calculated. Product
estimation is performed repeatedly by changing buffer capacities with the Simultaneous Perturbation
Stochastic Approach (SPSA) developed by Spall [2]. The buffer capacity values that provide the most
production and the lowest energy consumption are determined as optimal values.

The SPSA method, which will be used to find the optimal values of buffer stock capacities, gives results
as accurate as the traditional Finite Difference Stochastic Approach (FDSA) and reaches optimal faster
than FDSA because it changes more than one parameter at once. We can list the reasons for choosing
SPSA as follows:

. Noisy aim functions can be used.

. Locally and globally converge.

. Fewer coefficients need to be determined compared to methods such as genetic algorithm
and simulated annealing.

. Requires less measurement than traditional stochastic approaches.

Number of measurements of z(N) in SPSA 2 observations per iteration 1

= -
Number of measurements of z(N) in FDSA  2p observations per iteration p 3)

Here p shows the number of parameters. Optimal buffer capacities are obtained with the values that
make the derivative of the problem’'s objective function z(N) zero.
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X _dZ(N) B
T - @)

N=N*

However, since the value of the z function cannot be calculated directly, the gradient values are
estimated with SPSA. When estimating gradients, we will need two measurements of the amount of
product we will obtain from the simulation in each iteration and the energy consumption amounts
obtained from the sensor data. If we show it with the observation of the objective function, y(N, w)the
expected value of this observation will also be equal to the real objective function, z(N) = E[y(N, w)]. It
represents the noise, w.We can estimate the gradients using the following equation.

(0 y(N*) —y(N7)
N)=—"—""—~
9(W) 2¢,4,
- 5
N+=Nf+CfAf ( )
N_ = Nk - CtAL'

Here, it denotes tthe iteration number, c,percent perturbation coefficient, and At represents the perturbation
vector. The elements of A tare Bernoulli variables, take the value 1 and -1 with equal probability, c.are
greater than zero, and tthe value approaches zero as it approaches infinity, ¢, >0, ¢, = 0 as t - oo.
Gradient estimates are used as the parameters are updated at each iteration. The design parameters
are updated with (6) if they have no constraints, and with (7) if they have constraints.

Nc+1 = Nc - atgt(ﬁt) (6)

Nevr = Py(N, — ac g (V) ) (7)

Pyis the projection function that reflects the null values to the nearest limit value. a,is a sequence of
increments and converges to zero as t increases, a; > 0, a; - 0 ast - oo.

5. Conclusion

The design of buffer capacities in production lines is very important in terms of production throughput.
The recent increase in environmental awareness and energy costs necessitates the development of
new energy-saving strategies in production. Adequate buffer levels allow energy savings by shutting
down some machines during starvations and blockages. In this study, it is explained with a mathematical
model that the desired production efficiency can be obtained while preventing unnecessary energy
consumption by adjusting the intermediate stock capacities placed between the machines in the
production lines. Information is given about the methods that can be used in the calculation and
optimization of performance values.
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ABSTRACT

In this study, Tiirkiye's biodiversity and the threats and dangers it faces are briefly presented. In
Tiirkiye, which has continental characteristics from a bioecological point of view, there are 11 707
plant taxa, and one third of them consist of endemic plant species that form natural populations only in
Tiirkiye. The Oriental Amber Tree (Liquidambar orientalis) in Kdycegiz is one of the rare examples
in the world where an endemic plant species forms a forest structure as a forest tree. It also shows
continental characteristics in terms of animal groups. In Tiirkiye, where not all invertebrate groups
have been identified yet, we can give the number of invertebrate species as 70-80 thousand. In the
vertebrate group, the number of fish species is the highest with 928. In Tiirkiye, 39 species of
amphibians, 124 species of reptiles and 170 species of mammals have been described. In addition, the
number of 525 bird species described in Anatolia is higher than in any other European country except
Russia. It was found that 70 of these bird species were encountered only by chance, at most twice.
Subtracting this number gives a total of 455 bird species commonly encountered in Tiirkiye. In
Tiirkiye, which has such a rich biodiversity, a large part of these biological elements is threatened by
environmental degradation. Wetlands, forest areas, land degradation, the threat of desertification,
especially the negative effects of erosion and climate change caused by the release of various gases are
threatened. To prevent these negative impacts, efforts are also being made to emphasise environmental
education, the role of city museums and the importance of raising awareness about the environment.
Keywords: Biodiversity, threats, wetlands, forests, bird species, air pollution, climate change.

Tiirkiye Biyogesitliligi; Etkilenme Neden Ve Koruma Onlemleri
OZET
Bu c¢alismada, Tiirkiye’nin biyolojik ¢esitliligi ve karsi karsiya bulundugu tehdit ve tehlikelere kisaca
deginilmistir. Biyoekolojik acidan kitasal 6zelliklere sahip olan Tiirkiye’de 11 707 bitki taksonu
bulunmakta ve bu sayinin da tigte biri sadece Tiirkiye’de dogal popiilasyon olusturan bitki tiirlerinden
olusmaktadir. Koycegiz’deki sigla ormani(Liquidambar orientalis), bir orman agaci olarak endemik
bir bitki tiiriiniin orman olarak bir yapilanma olusturmasi 6rnegi, diinyada ¢ok nadir 6rneklerdendir.
Hayvan gruplari agisindan da kitasal 6zellikler gosterir. Omurgasiz hayvan gruplarimin tamaminin
heniiz belirlenemedigi Tiirkiye’de, yaklagik omurgasiz hayvan tiirii sayisin1 70-80 bin olarak
verebiliriz. Omurgali hayvan grubunda ise en fazla tiirle temsil edilen baliklar tiir sayis1 928’ dir.
Tiirkiye’de 39 ¢ift yasamli; 124 siirlingen ve 170 memeli tiiri betimlenmistir. Ayrica Anadolu’da
betimlenen 525 kus tiirii sayis1 Rusya hari¢ diger Avrupa iilkelerinden daha fazladir. Bu kus tiirlerinin
70 ‘ine sadece rastlanti ile en fazla iki kez rastlandig1 goriilmiistiir. Bu say1 ¢ikarilirsa Tiirkiye’de sik
rastlanabilecek kus tiirii sayis1 455 olarak ortaya ¢ikmaktadir. Bu denli zengin biyogesitlilige sahip
olan Tiirkiye’de bu biyolojik elemanlarin 6énemli bir boliimii ¢cevresel bozulmalarla tehdit altina
girmistir. Sulak alan, ormanlik bolge, terrestrik alanlarin bozulmasi, ¢ollesme tehdidi, 6zellikle
erozyonun olumsuz etkileri ve ¢esitli gazlarin salimi ile ortaya ¢ikan iklim degisimine neden olan
bozucu etmenlerle tehdit altina girmekle kars1 karsiyadir. Bu olumsuzluklara engel olunmas1 amaciyla
cevre egitimi, kent miizelerinin rolii ile ¢evre bilinci olusturmanin énemi de ortaya konmaya
caligiimistir.
Anahtar Sozciikler: Biyolojik cesitlilik, tehditler, sulak alanlar, ormanlar, kus tiirleri, hava kirliligi,
iklim degisimi.
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INTRODUCTION

Ecology and the incomplete ecological approach; behaviour related to the inability to protect
nature; in a way that limits economic functions. For example, what actions will humanity take due to
the depletion of raw materials and non-renewable resources? Finding an answer to this question has
become a global task. Once again, how is the problem of malnutrition and hunger due to uncontrolled
population growth in the world to be solved? And how is the environmental destruction and pollution
caused by industrial pollution, is directly related to population growth, to be prevented? How does the
intensive and uncontrolled use of pesticides affect people and the environment? How is the pollution
of air and water by various exhaust gases to be prevented? Isn't the increase in mortality rates due to
insufficient water resources an important ecological problem? Contrasting issues such as biodiversity,
climate change mitigation and desertification are explained and discussed (see Kazanci et al., 1995;
Korn et al.2008, Kiziroglu, 2019; Kiziroglu et al., 2009 and 2013).

These and many other similar environmentalist problems will lead to global environmental
wars because of the failure to spread ecological thinking and behaviour worldwide. Why do some
countries and their leaders, who believe that they will be the winners of these wars, forget that we are
on the same globe? Among the environmental problems and solutions that attract most attention today,
the most fundamental problems that should be given priority are climate change and all kinds of waste
production that cause it, dying of biological resources, water problem, soil erosion, global warming,
climate change, deforestation and population density (Profft et al. 2008; Kiziroglu, 2019). This study
first addresses some of the phenomena of biodiversity, highlights the reasons for its degradation and
the measures to protect it. Biodiversity and environmental education are also explained.

EFINITION OF BIODIVERSITY

The definition in the text of the "Convention on Biological Diversity", signed at the "World
Summit on the Environment" in Rio de Janeiro in 1992, is as follows: "It refers to the diversity
observed in all living organisms in all resources and in the ecological network of which they are a part,
including terrestrial, marine and other aquatic ecosystems".

The Convention on Biological Diversity is the most widely recognised international
environmental protection convention. Turkey acceded to this convention in 1996. Each member
country is required to prepare its own national biodiversity strategy/action plan and implement the
measures contained in the action plan.

Numerous conventions have been concluded at local and global levels to protect biodiversity.
Turkey signed the Convention on Biological Diversity on 14.02.1997 and developed the National
Biodiversity Action Plan within this framework (Ministry of Environment and Forestry of the
Republic of Turkey, 2008). Biodiversity and existing natural resources are important vital elements
that must not be damaged but must be available for use by the next generations and the present strata
of society. The Convention on Biological Diversity, which guarantees these elements for conservation
and use within the framework of integrated management planning, focuses on achieving three main
objectives: These are

B Conserve biodiversity;
B Ensuring the sustainability of biological resources; and
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B Ensuring the sustainability of biological resources; and
Conscious, fair and equitable use of genetic resources at the global level. Biodiversity is a broad term
that refers to a wide range of ecosystems, habitats and species: For example, forests, freshwater,
marine and other terrestrial ecosystems, soils, crops, domesticated and wild species, microorganisms
and other components of nature. Accordingly, biodiversity is analysed in four groups:
1) Genetic diversity;
The totality of genes of a species or population is called the "gene pool". The gene pool
contains one or more forms of genes. Different forms of the same genes are called "alleles".
Allelic diversity means "genetic diversity" of populations.
2) Species diversity;
A species is a taxonomic unit that includes individuals that can mate with each other under
natural conditions and have the ability to reproduce and produce offspring. The number of
species in an ecosystem expresses the biological richness on a species basis.
3) Ecosystem; diversity of ecological events and functions:
It is an important factor that enables first habitat diversity and then species diversity. The
diversity of ecosystems in a region and, on a smaller scale, of habitats is considered an
inevitable component of biodiversity.
Overhunting, the hunting of land animals for meat, ivory and other medicines, and the hunting
of living creatures to extinction. Uncontrolled and intensive use of pesticides, soil erosion,
climate change, global warming, destruction of natural areas and overpopulation have a
negative impact on biodiversity. Every year, the number of endangered species is in the
hundreds: according to a United Nations report, 130 animal and plant species become extinct
every day. In this context, we recommend that hunters use photo hunting/photosafari instead
of hunting with guns (Kiziroglu et al. 2010). Clear and effective measures must be taken to
prevent the extinction of biodiversity.

BIOECOLOGICAL IMPORTANCE OF TURKIYE

» Turkey attracts attention with its significant biological potential, having living elements of
European, Caucasian, Iranian and Arabian origin on the one hand and Caucasian, Iranian and Arabian
origin on the other. It is among the most important countries of the temperate climate zone with its
extraordinarily rich biological diversity.

» Tiirkiye's biological richness stems from its various climate types (continental climate,
oceanic climate and Mediterranean climate); geological and geomorphological structure; rich water
resources (sea, lake and rivers); large altitude differences (sea level-5000 m); a wide variety of habitat
types and geographical location.

» On the one hand, these elements form lowland and mountain forest ecosystems with
different structures in the Mediterranean, Black Sea and Aegean Sea belt (cypress and cedar forests in
the Mediterranean belt);

» On the other hand, they harbour the rich steppe and steppe ecosystems of Central and
Eastern Anatolia.

» In addition, Tiirkiye is home to many species threatened with extinction, such as
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a) White and crested pelican (breeding areas Manyas, Gediz and Biiyiikk Menderes Delta)
(Picture 16b)

b) Flamingo (breeding areas Sultansazlig1, Picture 2a, Seyfe Lake, Tuz Lake) and

c) It has very important wetlands, which provide habitat for the duck (Burdur Lake wintering
ground; Figure 14b);

As can be seen, Tiirkiye is the most important natural resource region of the Palearctic in
terms of biodiversity and resources within this continental characterised ecosystem integrity.

BIODIVERSITY OF TURKIYE

B Tirkiye harbours different biotopes, both plant (flora) and animal
(fauna) diversified:

W Especially endemism in seed plant species is in a position to compete with continental
Europe:

W 75 per cent of the plant species in continental Europe are found in Turkey. Over ten thousand

B Approximately 1/3 of the total number of seeded plant species form natural populations
only in Turkey; in other words, they are endemic.

B The biological potential of the vast Anatolian steppes gains importance here.

B |tisalso continental in terms of fauna.

B Vertebrate animals have been identified on species basis and their nomenclature is
partially even though it's been completed,

B Intensive studies on invertebrates, whose species humber is assumed to be 70-80 thousand
There is a need to be done.

B According to the latest assessments, 525 bird species have been identified in our country.

Of these Since 70% of them were observed at most twice, they can be considered as incidental species.
When these species are excluded, the number of bird species frequently observed in Turkey is
determined as 455 (Kiziroglu, 2008;2021,2022)

It is possible to come across migratory bird species over the Bosphorus during both spring and
autumn migration periods. The migration waltzes of both birds of prey and stork species over the
Bosphorus, which has the most beautiful sky in the world, are simply unforgettable. While the
migration waltz is followed in March-May and September-October, the number of individuals forming
migratory bird caravans reaches its peak (Kiziroglu 2015).

The geography of Turkey and Anatolia shows a very rich structure in terms of both faunal and floral
elements (Kiziroglu et al.2006). In most parts of the world, it is not possible to find such a biological
richness in such a small area. A total of 11707 plant taxa including alien and cultivated plants have
been identified in Anatolia (Giiner et al.2012; Kiziroglu et al.2013; Muminjanov (Ed.) et al.2019).
What makes our country especially attractive for birds (525 bird species have been identified) and
other species (see Table 1) is its rich elevations; wetlands; forests; pastures and steppes.
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Table 1. Groups of animal and plant species in Tiirkiye and number of species”

Plant and Animal Groups

Number of Described Species

Endemic Species
Number and (%)

Number of Plant Taxa ®

11707

Animals: 70 000-80 000
Invertebrates 68 758-78 758
Orthoptera/Tettigoniidae ¥ 160 109 68,1
Vertebrates 1 786/(42340)**
Fishes 928/(25 000) 3 0,6
Amphibians 39/(3 025) 1 50
Reptiles 124/(5 115) 2 2,2
Birds ? 525 ¥;454 /(11 400) - -
Mammals 170/ (4 200) 1 0,6

*)= Kiziroglu et al.(2006): Y Ciplak, B.(2003); ?PKiziroglu(1989;1993;2008;2009;2021;2022);

% =Kiziroglu(2015)= Number of extinct species=2 (%0,5). ¥ = Kiziroglu (2022)= Number of bird
species monitored continuously in Turkey, except for 70 bird species monitored at most twice; = The
number in brackets is the number of bird species in the world (According to HBW, 2019 and Gill et
al.,2021); ***= Numbers in brackets are the number of species in the world;® According to Giiner et
al., 2012 and Muminjanov (Ed.) et al.2019.

IMPORTANT BIODIVERSITY AREAS

There are 266 Important Nature Areas in Turkey. Antalya and Konya are the richest provinces
in terms of these areas. Only 19 per cent of the Important Natural Areas are under protection.
Important natural areas in our country are protected by 18 different protection statuses (Kiziroglu et
al., 2006). Sometimes even several protection statuses are given to a single area. While some of these
protection statuses are declared according to national legislation, some of them are based on
international conventions. However, there are limited opportunities to implement all these statuses and
therefore the areas cannot be managed effectively. Under ideal conditions, the Republic of Turkey
should review its network of protected areas and grant an appropriate protection status to all
biodiversity areas of proven international importance (bird, plant, sea turtle and Mediterranean monk
seal areas, as well as areas known to be important for other species) and seek ways to utilise the
resources in these areas without harming the natural structure. In Turkey, 165 important bird areas,
122 important plant areas, 17 sea turtle breeding areas and 35 important Mediterranean monk seal
areas have been identified. These important biodiversity areas are distributed almost everywhere in
Turkey and are significantly intertwined with each other (Map 1). The National Wetland Commission
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Map 1. Important conservatlon and biodiversity areas

ECOSYSTEMS WITH THE HIGHEST BIODIVERSITY

Those living in and using protected areas should, as a priority, carry out awareness-raising
activities for target groups. Education programmes on biological diversity should be established in
primary and higher education. Within the scope of non-formal education, close co-operation with
competent institutions, especially the relevant ministries, will make a lasting contribution. In this way,
all layers of society will be made aware of biodiversity and environmental protection. Biodiversity is
most intensely found in the following ecosystems:
1-Step and Steppe Area Ecosystem

When the general biological picture of Anatolia is drawn, it is seen that steppe areas take the most
important place. The lack of studies in these areas is a very sad situation. However, perhaps the most
important biological potential of Turkey is hidden in steppe areas. These are pasture areas where an
intensive separation is very difficult due to the intertwining of agricultural and forest areas; however,
this separation must be made. Pasture areas have been converted into agricultural land due to
population growth. Human activities in these areas may lead to the destruction of this genetic
potential. The most important threat in these areas is the removal of plants that hold the soil, such as
the geven, so that the soil flows and the threat of erosion becomes active and the soil quality
deteriorates and becomes inefficient due to uncontrolled grazing.

2-Forest Ecosystem

The oak, black and red pine ecosystems spread in maquis forest areas, which reflect the
characteristics of the Mediterranean Region, allow biological diversity to emerge. The destruction of
forest ecosystems for unwarranted and frivolous reasons concerns the whole humanity as an important
environmental problem. Tropical forests and Amazon forests, especially our forests in our continental
climate zone, which are the lungs of nature, are being destroyed for fossil fuel and gold exploration,
mining and other purposes, as in our country (Kiziroglu 2019; Ensari et al.2021). In addition, forested
lands are being reduced and cut down for animal grazing in tropical forests; soybean cultivation and
palm oil plantations and other agricultural monoculture agriculture. Today, about 30 per cent of the
globe is forested. In the last fifty years, 7.3 million hectares of forest have been lost every year. At one
time, tropical forests accounted for 15 per cent of the world's forest cover. Today, this ratio is only 6-
7 per cent and more than half of it has been destroyed, either by cutting or burning.

Our forests, especially the coastal areas, are under constant threat of fire from June onwards. 56
per cent of Turkey's forests (12.5 million hectares) are in areas susceptible to fire. Forests are not only
the source of biological diversity; they are also the users of CO2 in the air, preventing it from
accumulating in the atmosphere or oceans and reducing the negative effects of this gas.
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The most important problem of the world is the expansion of economic systems based on
concrete. Concrete means energy use. This leads to CO2 production. The project of energy supply
from nuclear energy, which was presented as an option to obtain energy without producing CO2, has
also collapsed all over the world. While the nuclear accidents in Chernobyl and Fukijama in Japan
should have taught people to move away from this sector, these investments are still being continued,
especially in Turkey. Whatever is left of forests and forested areas must be protected in the universal
and local sense. In particular, areas that have lost their forested qualities due to fire, clearing and other
reasons should be afforested immediately within a national plan and project. This can be realised by a
strong state. Especially in tropical regions, it is known that the power to do this work by the state is
limited. Because the establishment of new forests to replace the forests destroyed in these regions will
both take time and cause quite high costs (Zimmermann, 2016). A state structure to undertake this task
does not seem to exist there at the moment.

Half of Turkey's forests (22.3 million ha) are degraded, i.e. degraded forests. Per capita forest
cover is only 0.3 hectares, the lowest in Europe. The maintenance and protection of forested areas
offer vital recreational opportunities to our people as well as other living creatures. So much so that
we should know that each hectare of forest area provides recreational services to 168 people. For this
reason, it is absolutely necessary to prevent the transfer of destroyed forest areas to other sectors and
to give importance to conscious reforestation as a matter of urgency. Some characteristics of Turkey's
forests that host biodiversity:

B 22.3 million hectares of Turkey's surface area is under forest regime (26.2%) enters.

B 44 per cent of this area is fertile (8.9 million ha) (11.4 per cent of the total area) and 56 per
cent is productive (11.3 million ha). million ha) is unproductive.

B The share of forestry sector in national income is only 17.5 per thousand.

W 55 per cent of our country's forests are leafy and 45 per cent are coniferous forests
(Kiziroglu, 2010).

B Tirkiye is very rich in terms of virgin forests.

W Especially the coastal part of the Mediterranean Region in the south, Kastamonu and Bolu
in the north Forests constitute the most important habitats of biological diversity.

W Mainly pine, cedar, fir, beech, hornbeam or oak/beech mixed forest ecosystems and rich
plant communities make Turkey one of the richest forest ecosystems in Europe.

B Again, the frankincense (Fethiye, Koycegiz, partly Marmaris) forests in mainland Anatolia.

It is perhaps the only forest ecosystem richness formed by an endemic plant species in the European
continent.

B Itis spread in maquis forest areas reflecting the characteristic of the Mediterranean
Region. oak, black and red pine ecosystems allow biodiversity to emerge gives.

B However, forest ecosystems in most European countries are monotonous and uniform.
monocultures consisting of tree species (usually fast-growing coniferous species).

B For this reason, especially when determining Turkey's Biodiversity Strategies, forest
ecosystems should be given great importance.

B Among the many functions of the forest, one of the most important is the porous nature of
the forest soil accumulates rainfall with its structure and root system.

B [n this way, 1 m® of forest soil stores 200 litres of water.

B Reducing the destruction of trees in our forests means that mud and soil deposits are not
transported to the seas by rivers, erosion is prevented and as a result, floods are prevented to a great
extent. Forests also gain importance as Water Protection Zones, especially in areas close to
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settlements. In these areas, filtered water is used as drinking water. The forest attracts harmful
substances with its large surface. With this filtering, the storage of harmful substances in the forest is
20 times higher than in open land. Apart from these, forests also have social functions. In this context,
it has been determined that each ha of forest area provides recreational services to 168 people (Figure
laand b).

B With the sustainable management of forests, forest utilisation, protection and recreation It
is widely believed that their functions are guaranteed to a great extent. Carrying out forestry in Turkey
in accordance with the above criteria is of great importance in the process of harmonisation with
Europe. Education of young people is especially important in this regard.

B Within this framework, "Bilmobil", i.e. mobile "Forest Schools" or in-school and out-of-
school "City Museums" aim to raise environmental awareness by providing information and
enlightening documents about the forest ecosystem.

o -

=5 s S Rl A z
Figure 1a-b- Rich biodiversity elements are encountered in t

he coastal and inland forests.
3-Wetlands and Streams

Wetlands cover 6-10 per cent of the earth's surface. The distribution of these areas is as
follows: Lakes; % 30% peat bogs due to rainfall, 26% peat bogs due to aquifer (groundwater source),
20% various bogs and 15% flood plains (Merig et al. 2013 b, p.111).

There are more than 400 large and small wetlands in Turkey. These areas cover 4.5 per
cent of the country's surface area (3.2 million ha). Of these wetlands, 68 are class A and 200 are of
international importance. Even 14 of them are included in the scope of Ramsar Convention (Merig et
al.2013a;b). There are 7 drainage regions covering 26 river basins. The Anatolian mainland, which is
surrounded by the sea on three sides and has an inland sea, together with the rivers and other wetlands
it harbours, offers living opportunities to various living groups. Teaching this fact to the layers of
society in the education process is important for an "ENVIRONMENTALLY CONSCIOUS
SOCIETY". The Ministry of Forestry and Water Affairs has carried out projects on the biodiversity of
various wetland basins. Gediz Delta can be given as an example (GEDIZ DELTASI, 2012).

Despite all these features, Turkey's water resources are decreasing day by day and for this
reason, the importance of switching to irrigation in agricultural areas by using new methods,
especially the drip method, is valid for our country as in all countries. Anatolian water budget should
be used in the most efficient and optimal way. Because when we compare Turkey with Sweden, where
the annual amount of water consumed per capita is only 1500-1700 litres, with Sweden, where it is 11
000 litres, it will be seen how poor a country Turkey is. The scarcity of water resources and the
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problems arising therefrom is an extremely important environmental problem for water-poor countries
as well as for other countries (Kiziroglu, 2001:2007a and 2007 b).

B The surface runoff in river basins and drainage areas is very low, only 186 billion m?.

B The water reserve in aquifers is assumed to be 94 billion km?.

B The irrigable area is 3.9 million ha, of which 3.4 million ha is surface irrigated and 0.4
million ha is irrigated. million hectares of land is irrigated by utilising aquifers

W [rrigation with drip irrigation should be switched to drip irrigation as soon as possible and
made widespread and aquifers should be utilised. The termination of irrigation is a prerequisite for the
optimal and efficient use of water resources.

I Two important bird migration routes of the Palearctic pass through Anatolia. This migration of
birds It is a scientific fact that many large and small wetlands are utilised during their journeys. Both
the North East Anatolian Coruh Valley raptor migration route and the Bosphorus Stork migration
route and the Anatolian water systems on the migration route of migratory bird species making frontal
migration are of vital importance for them.

B Tirkiye’s two important transboundary river systems, the Tigris and Euphrates basins, are
rich in plant and animal species

B However, most of these rivers, especially those flowing into the Black Sea, are highly
polluted and has reached to a level that does not allow for living life.

B The pollution rate in 54 rivers emptying into the Black Sea is very high. Wetlands
It is possible to give the factors that cause environmental problems and species loss under the
following headings.

m Industrial, domestic and agricultural pollution caused by the mixing of industrial, domestic
and agricultural pollution elements into wetlands Pollution

W Failure of irrigation technology according to the latest methods and large water loss;

W Overgrazing and uncontrolled fish farming in wetlands;

B As aresult of the intensification of second housing and tourism activities, wetland
ecosystems degradation that opens up.

B Excessive pollution in aquatic ecosystems,

Excessive and inappropriate fishing
Illegal hunting,

Habitat destruction,

Extreme tourism and tourist activities,

B Artificial interventions to change the water regime. The most typical example is in the
Sultanate. As a result of the changes in the water regime due to the installation of discharge canals,
the flamingo population, which numbered hundreds of thousands, has decreased significantly (Figure
2;3aandb).
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Picture 2. a- Sultansazligi is a very important aquatic ecosystem that was included in the scope of the
Ramsar Convention after it was declared a Nature Reserve; the flamingo population in the region
could reach 1/7 of the world population. b- Dalyan Stream

09/22/2006 12:40 am

Figure 3. a- Examples of important wetland ecosystems in Turkey (left picture: Izuzu; right picture:
b-Finike Cennet Bay).

FUNCTION OF CITY MUSEUMS

Biodiversity and environmental protection in ecosystems described for all layers of society
awareness should be raised about the city museums:
[1 Thus, one of the most important functions of city museology within the framework of non-formal
education will be realised.
_1 CITY MUSEUMS, COMMUNITY AWARENESS FOR ENVIRONMENT AND NATURE
PROTECTION It undertakes an important mission in the formation of the society.
1 In this context, it should include all kinds of programmes on its agenda, and should be layers should
be brought together.
For this purpose, the environmental awareness of the society can be increased, for example, by dealing
with the following main topics:
a-Waste Problem; Unconsciously produced in our country and all over the world (65
thousand tonnes per day in Turkey) mountains of rubbish
[] The problem will one day suffocate mankind; the solubility of the wastes left in the nature will
increase in many years. For example, a cigarette filter takes 2 years, a beer can 10-100 years, a plastic
bottle 1000 years and a glass bottle 4000 years to break down, and why these materials should not be
thrown into nature.
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"1 Again, it should be emphasised that 60% of the wastes thrown into nature are paint and paint
products and that this What are the parties should be analysed.
b-Water Problem: The consequences of irresponsible consumption of water resources should
be emphasised.

I In this context, in 80 countries where 40 per cent of the world's population lives, it should be
examined why water shortage is caused by the irresponsible use of water resources. is at the stage
where;

a) 3.7 litres of petrol pollutes 3 million litres of drinking water;

b) 400 litres of water is needed to produce one packet of butter;

c) Only 1 per cent of the world's available water is usable;

d) Water resources are rapidly depleting; therefore;

d) 25 000 people die every day in the world as a result of drinking unhealthy water.
c-Paper as raw material: The fact that paper consumption is very high, for example, one hundred
thousand families giving up unnecessary correspondence between people means 150 000 trees, and
that an office worker throws away 81 kg of quality paper per year, thus leading to rapid consumption
of forest raw materials.
¢-Desertification: It should be emphasised that 24-25 million ha of natural area has been desertified in
the last 3-4 years and currently 6% of the world's surface area is desertified and 29-30% is on the way
to desertification.
d-Destruction of forested areas: It should be emphasised that 14 ha of rainforest is destroyed every
minute; forests should not be destroyed; therefore fires should not be caused.
e-Population growth and the environment: It should be taught that the world population increases
by 250 thousand individuals every day and 93 million individuals every year; that if the environment
is not treated consciously, those who are subject to this increase will also be potential candidates for
environmental destruction and that all these are caused by unconscious human beings. In this context,
human beings should be taught not to accelerate the process of preparing their own end by destroying
the environment.
f-Biodiversity: Programmes should be carried out to demonstrate the importance of biological
diversity.
g-Environmental pollution: It should be known that CITY MUSEUMS should be structured
appropriately in order to convey simple and understandable programmes, especially to young
generations, about the fact that pollution, like a boomerang, will one day bring about the end of
mankind. This, in turn, can be realised by first purifying the human being from the gene of polluting
the nature in which he/she lives. In other words, we must first recognise our inner environment and
learn to restrain our ambitions, wishes and desires. Competence and harmony in our internal
environment will be reflected on our external environment, our children and grandchildren, and a
healthy society will be formed. City museums and non-formal education centres have important duties
in ensuring this (Kiziroglu 2011; Kiziroglu et al., 2021).

THREATS TO TURKIYE'S BIOLOGICAL RESOURCES

Biodiversity Under Great Threat (Kelaynak Extinct) (Picture 6a): 20% of the species that exist
today will disappear this century.

B Expansion of the road network - unplanned and unprogrammed construction of new roads;

B Smuggling of natural wealth abroad;
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B Intensive and unconscious use of insecticides and weed killers;
The last population was in Birecik/Urfa; as a result of wrong agricultural policies, drained

wetlands and intensive use of pesticides (especially DTT), the natural population became extinct
in 1988 (Figure 6 a and b). extinct in 1988 (Figure 6 a and b).
[ Intensive and regional industrialisation and urbanisation;(Picture 4.a and b)

B Tourism and touristic activities lead to intensive use of natural areas;
Air pollution, annual world CO2 emissions are 38 billion tonnes (Figure 5.a and b).

[ ] Intensive and unconscious hunting;
B Forest fires: Is there any other species that stabs its own lung?(Figure 5b)

Figure 4. a- We reap what we sow; while some regions suffer from drought others face
floods. b-Aquatic Ecosystems are being degraded by pollutionSulak alanlarin kurutulmas,

Figure 5. a- CO and greenhouse gas emissions affect the natural structure very negatively. b-
Forest fires increase especially in June-September periods. In Turkey, 175 thousand hectares of
forest area was burnt down in 2021.

Figure 6.a- Bald Ibis, Geronticus eremlta (http Iir. Wlklpedla org/wiki/Kelaynak).b-Small river
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SOIL EROSION

Every year, twelve million hectares of agricultural land are degraded and degraded and forest
areas, especially rainforests, are destroyed. In one second, an area of rainforest the size of a football
pitch is degraded. These are the agricultural lands from which humanity gains its basic nutrients.
According to the European Soil Bureau, 1000 km2 of agricultural land is destroyed every day. Road
construction, concretisation in cities and the expansion of industrial areas play a major role in this. In
addition, the intensive chemicals used completely destroy the soil microorganism fauna, in other
words microcosm, and render the soil inefficient (Figure 7).

Worldwide, 25 billion tonnes of fertile soil is lost every year as a result of erosion. 2.7 billion
people in the world are under the threat of desertification. This number is expected to reach four
billion by 2050. There are no deserts in Turkey; however, especially Konya, Igdir and Southeastern
Anatolia are under the threat of desertification. Soil loss in Turkey amounts to 168 million tonnes per
year. The soil loss recorded on a continental scale among European countries is 300 million tonnes.
This means that Turkey alone loses almost two-thirds of the soil lost in the whole of Europe each year.

Of Turkey's 77.9 million ha of land, 26.3 million ha is agricultural land and 20.2 million ha is
forested land. Again, 24.5 per cent of the total land is composed of I.+I1.+I1l. class soils; the share of
agricultural soils in these three classes of quality soils is 90 per cent, 60 per cent of the land is above
1000 min height and 62.5 per cent has a slope of more than 15 per cent. Anatolian soil with these
values, overgrazing; monoculture establishment; erosion, excessive fertilisation and excessive use of
chemicals; changing agricultural and green areas are some of the factors that trigger soil erosion
directly or indirectly. Due to the mountain ranges in the north and south, there is a close connection
between climate and geogeography of the land. Turkey has microclimatic areas due to climate
characteristics in different geographical regions. Erosion is experienced in a total of 83.20% of the
soils in our country, of which 7.22% is mild, 20.04% is moderate, 36.42% is severe, 22.32% is very
severe (Balabanli et al.2005) (http://www.millidegerlerikorumavakfi.net).

The share of the agricultural sector in total employment is 35.4 per cent. In countries where
rational agriculture is practised, 60 % of agricultural products and 25-30 % in our country are utilised
in the food industry. Desertification and drought also lead to consequences such as erosion,
destruction of soil cover, decline in agricultural product varieties and destruction of biological
diversity (Koehler, 2008).

The cost of erosion in agricultural lands in Turkey reaches 6.7 billion dollars.

Turkey uses 74 per cent of its water potential in agriculture. While the area of Salt Lake has
shrunk by 50 per cent due to decreasing rainfall and overuse, Eregli Marsh, Lake Bafa and Lake
Aksehir are in danger of extinction. In Lake Beysehir, the largest freshwater reserve area, the depth
has dropped from 24 metres to 9 metres.

A range of soil conservation and restoration technologies have now been developed. Measures
such as sustainable agricultural practices, organisation of crops according to type and sequence and
giving importance to terrace works are short-term solutions. However, it seems inevitable that these
short-term solutions should be extended to a wider scale. In addition to the conversion of forest areas
into tea and hazelnut plantations, unplanned settlement causes soil loss

In order for biodiversity to survive in terrestrial areas, soil must be protected and interventions
that will lead to erosion must be avoided. Because soil not only provides biodiversity with the
opportunity to live, but also fulfils the following functions;
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Habitat function: It enables biodiversity and genetic diversity in human, plant and animal world.
Regulating Function: Microbial degradation of biotic and abiotic matter exchange, especially organic
and harmful substances, physical and chemical filtration of groundwater.

Carrier Function: Soil fulfils many functions for economy, navigation, recreation, settlement, food
supply and processing, emission and waste minimisation.

Cultural Functions: It is a habitat that forms the basis of human history and culture.

It also has a protective function that hides history (Gobekli tepe).

Production Functions: Soil, agriculture, forestry for the continuous renewal of biological mass In
horticulture, it is an environment where vital raw materials are produced for human beings.

In addition to these functions of soil in the ecosystem, all organisms live is the upper surface
of the earth; it is the water cover of the earth, the mountainous cover of the earth, the soil cover of the
earth.

Globally, 20 million square kilometres of land is currently degraded; that is, degraded. Erosion
in Turkey is 12 times more than in Europe and 17 times more than in Africa; Desertification affects
110 countries, 18 of which are developed countries.

While more than 250 million people in the world are directly affected by desertification, one
third of the world level, or in other words, more than 4 billion acres of land is under the threat of
desertification. Today, approximately 135 million people in the world are in danger of migration due
to desertification. Drought and desertification, together with human-induced climate change, is one of
the most important global and regional environmental issues that mankind faces today and must be
taken seriously. In our country, active erosion is observed in 59 per cent of agricultural areas, 54 per
cent of forest areas and 64 per cent of pasture areas. Every year, 182 million tonnes of fertile topsoil is
carried away by rivers. Wind erosion occurs in our country, especially in Central Anatolia, around
Karapinar in Konya province. Erosion caused by water occurs all over Turkey, especially in
mountainous regions. According to the studies carried out by the State Hydraulic Works, the total
amount of humus soil washed into the seas by the rivers Tigris, Euphrates, Seyhan, Ceyhan,
Yesilirmak, Kizilirmak and Sakarya every year is 441 million tonnes. As a result of the destruction of
this soil, lands that 45-50 years ago were vineyards, gardens and had very high agricultural yields have
now become completely barren lands. We are facing desertification and drought as a result of
excessive water use, wrong irrigation methods, destruction of forest areas, misuse of pastures,
destroyed wetlands, rapid drying up of water resources and wrong agricultural policies.

In 2030, 3 billion more people will live on Earth. Food production will have to be increased
even further. Although the area allocated for agriculture is limited, human beings will need more food.
Therefore, agricultural areas will decrease from 0.85 hectares to 0.4 hectares per person. The
productivity of the degrading soil will decrease day by day. About one billion people live in arid
regions and sensitive ecosystems. Continued soil degradation will lead to a loss of 45-50 billion
dollars every year in these regions. Deforestation is the most important cause of degradation. In areas
without vegetation, erosion of topsoil by rain and wind will be inevitable. VValuable soil will be carried
to the seas by water erosion. Water erosion and salinisation have already affected one billion hectares
of land. This is equivalent to half of the arid zone. The area subject to wind erosion is 550 million
hectares. If one centimetre of soil per hectare is eroded every year, this is equivalent to 100-150 tonnes
of valuable soil. Considering our total land area, 62 per cent of it has a slope steepness of more than 12
per cent and 48 per cent has a slope steepness of more than 20 per cent. On the other hand, the amount
of land with 2-20 per cent slope is only 29.7 million ha. Therefore, when the effective soil depths are
analysed, it is seen that 37.2 % of our lands are suitable for cultivated agriculture. The predictions that

245



3. RUMELi SURDURULEBILIR CEVRE iCiN ENERJi VE TASARIM SEMPOZYUMU

3rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
2-3 Subat 2023 / February 2-3, 2023

Silivri, ISTANBUL

all 112 billion cubic metres of water will be used this year (2023) and that there will be a high level of
water stress, unfortunately seem to be coming true as of the end of January 2023. This means that we
may face a water crisis in other periods of the year. In other words, we will need every drop of
rainwater.

The negative impact of erosion on biodiversity in Anatolia is very great. It is inevitable to realise some
measures for the protection of biodiversity from all these factors. Because the protection of

biodiversity is a task of universal dimension and importance as well as national. Below are pictures of
many plant and animal species under protection (see Figure 8-18).

= 3= TN

Picture 8. Love flowe (entaurea tchihatcheffii)( http://www.akdeniz.edu.tr/muhfak/cevre/coastlearn-
r/bio/boxes/losshabi.htm) and Inverted tulip (Fritillaria imperialis)
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Resim 10. Turuncu kelebek, Lycaena dispar(http://www.schmetterling-raupe.de/art/dispar.htm
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Figure 11.

Picture 12. Sea turtle, Caretta caretta (http://www.yenisafak.com.tr/aktuel/?t=11.11.2007&¢c=5&i=51901)

The Mediterranean monk seal is one of the 12 globally endangered species (IUCN, 2006). The
"Foga and Yalikavak Pilot Project" for the conservation of the Mediterranean monk seal in Turkey ,
was carried out under the coordination of the Mlnlstry of Enwronment and Forestry.

Picture 13.a-Anatolian leopard (Panthera pardustulliana) (http://www.tabut.net/index.php?showtopic=48401)
b-Mediterranean monk seal: Monachus monachus(http://tr.wikipedia.org/wiki/Akdeniz_foku)

The wild gazelle living in Urfa has been taken under protection and its current number has reached
200 individuals.
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Figure 14a-Deer;Gazella gazelle b-Rumptail; Oxyura leococephalus
(http://www.dogadernegi.org/dogabulten/index.php?sayfa=ceylan

\

Figure 15 a—Buzard, Buteo buteo b- Alexander parrot, Psittacula eupatria

Resim 16 a-Black stork, Ciconia nigra b- Whitepelican; Pelecanus onocrotalus
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Resim 17 a-Kara ¢aylak, Milvus migrans b- Snake eagle, Circaetus gallicus

Figure 18. a-Great forest eagle, Aquila aquila b- Angit, Tadorna ferruginea

AIR POLLUTION AND CLIMATE CHANGE

The transition to the industrial revolution started towards the middle of the eighteenth century.
Afterwards, various development periods, such as industry; energy; nanotechnology; software;
computing and robotics revolution, followed one another. In the aforementioned and similar periods,
revolutions and development stages, mankind has continuously released carbon dioxide (CO2) and
greenhouse gases (carbon monoxide, methane nitrogen monoxide, nitrous oxide, hydrofluoride and
perfluoro carbons, sulphurhexa fluoride, ozone) into the air. CO2 emission and industrialisation
process are stages that go hand in hand and trigger each other. If CO2 produced by various industries
is emitted in a controlled and measured manner and the natural circulation is not disturbed, this gas
can be consumed without causing any harm as it is used by plants in assimilation. Due to fossil fuel
sources such as coal, thermal power plants, agriculture and industrial activities, the CO2 concentration
in the air has almost doubled from 280 ppm to 400 ppm today. This increase has had various adverse
effects and especially led to the unfavourable emergence of climate change in a very rapid manner.
The Kyoto Protocol and Treaty was signed on 11 December 1997, when the fact that industrial
development is parallel to unlimited CO2 emissions was finally understood on a global scale
(Kiziroglu et al. 2021). This protocol, which aims to protect the world climate, entered into force in
2005 and 191 countries became parties in December 2011. The United States, which produces the
most greenhouse gases and CO2, protested the Kyoto Protocol in 2001 and ultimately rejected it.
Canada, on the other hand, first signed the Protocol, but withdrew its signature a week later. The

250



3. RUMELi SURDURULEBILIR CEVRE iCiN ENERJi VE TASARIM SEMPOZYUMU

3rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
2-3 Subat 2023 / February 2-3, 2023

Silivri, ISTANBUL

signatory countries agreed to reduce the amount of the aforementioned gases, which are the most
important factors of climate change, by 5.2 per cent in the mandatory reduction period of 2008-2012
and to reduce them to 1990 levels. The parties to the convention have recorded that they will also
reduce in the 2013-2020 period, which they accepted as a second mandatory period. In this period,
only 144 countries remained loyal to the convention. By 20 April 2020, the number of countries
complying with the second Kyoto Protocol decreased to 136. These countries have also signed the
Paris agreement on how the process will operate after 2020, thus committing to control greenhouse
gases and CO2 emissions. By not signing the United Nations climate convention, the USA, Canada
and Australia have also accepted that they will continue to disrupt the world climate. Turkey signed
the Kyoto Treaty in 2009. Unfortunately, the countries that are parties to the conventions are still
under the influence of the USA, which continues to be egoistic, and are not active enough to stop the
increase in global air temperature.

Therefore, the global temperature is increasing as it rises. Not only the temperature of the
earth, but also the temperature of the oceans is increasing day by day. The Paris Agreement aims to
limit the increase in global temperature to 2 or even 1.50C. However, in the 5-year period after the
Paris Protocol in 2015, no country party to the agreement has been able to fulfil its promise to reduce
national climate and CO2 emissions. This is because Saudi Arabia, the USA, Russia and Australia,
which hold the fossil resource reserves, blatantly continue to block any measures to be taken. The
World Health Organisation (WHO), for example, announced that one out of every nine deaths in 2012
was caused by these cancer-causing gases and other poisons in the air. Some measures should be taken
to prevent all these problems: For example, public transport should be made widespread; old
technologies with high energy consumption should be deactivated; wastewater should be treated and
put into use; electro-filters should be made compulsory in existing power plants and short-term
inspections should be implemented; existing obstacles in the dissemination of solar energy should be
removed; instead of wild landfill, separated garbage practices should be developed, recycling should
be given importance and electrical energy should be provided from existing facilities; insulated
ecological houses should be emphasised. Furthermore, it is inevitable that renewable energy
technologies should be rapidly developed and put into use instead of fossil fuels. In particular, clean
energy resources in nature should be put into use rapidly and investments should be made in new
developments for this purpose. These should be realised through short, medium and long term
planning. There is enough clean energy in nature to meet the needs of all humanity. It is enough to
ensure that the cartels, which prevent investment in new technologies, take their hands off this
business and act with an integrated world view.

The latest advanced technology in renewable energy and the sustainability of these resources
must be ensured. Methods of storing the energy produced in favourable periods should be developed.
Although the investments to be made for this may seem high in the first plan, in the long run, the use
of energy to be obtained from these sources, whose raw materials are free of charge, will be very low
cost. Our areas with high wind density are limited. Without sacrificing them to old technologies,
investments should be made urgently by universities and technology institutes to ensure the use of
advanced technology with various limitations (Kiziroglu 2019). For example, RES technologies
should be developed and the capacity of a single windmill should be at least 7 Megawatts, and then
RES-Farms should be established accordingly. While these are being established, the EIA process
must be followed (Kiziroglu, 2014 and Kiziroglu et al.2015).
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In our country, which is surrounded by seas on three sides, off shore areas should be identified
and offshore wind energy potential should be utilised. Solar energy technology should be developed
and popularised.

INTENSIVE POPULATION GROWTH

The world population is increasing at an exponential rate. The world population, which was
1.5 billion at the beginning of the twentieth century, has now exceeded the 7.5 billion mark. By 2050,
if population growth continues on this scale, the world population should exceed ten billion.
Approximately four billion of the current population live in cities. These people need to be provided
with jobs and occupations in the easiest way possible. For this purpose, developed and developing
societies concretise cities and offer them the opportunity to work in the construction sector, thus
destroying the productive functions of these people. Because it is the cheapest and easiest way to
provide people with jobs and professions in this way. However, this process has also come to an end
and cities are saturated with existing concrete structures. Then, what will these people who are
resettled in the cities live on? The most important social problem lies here. While searching for a
solution to this problem, it will be seen that everything is decreasing and shrinking. The increasing
global population will have to pay for this increase with a decrease in natural assets and reserves.
Every society wants to be well fed, to benefit from the best health services and to have a roof over its
head. Families and all those responsible should pay attention to birth control. They should take this
important problem seriously. Family planning and education on this issue are important.

PROTECTING BIODIVERSITY

For the conservation of biological diversity outside protected areas, legal arrangements should
be made. For example
a) A Law on Soil, Nature Protection and Biosafety should be enacted and a National Biosafety Board
should be established.
b) The Law on Drying Swamps should be abolished and practices should be stopped immediately; it
should be ensured that no money is allocated to the budget of any official institution in this regard. If
necessary, wetland and marsh draining should be constitutionally banned.
c) Conservation and sustainable use of biological diversity should be integrated into all sectoral plans
and programmes at national level.
d) National policies on genetically modified organisms (GMOs) and alien species, which are among
the factors threatening biological diversity, should be determined.
e) Ecotourism should be supported.
) Clean technology should be supported in industry and industry should be encouraged for
environmental protection measures.
g) Cooperation areas with Non-Governmental Organisations (NGOs) should be developed and the
functions of CITY MUSEUMS in this regard should be expanded.
h) Priority should be given to the principle of preventing the loss of biodiversity in the EIA
(Environmental Impact Assessment) process; Strategic EIA process should be legalised and put into
practice.
i) Organic farming practices should be protected and supported by making them widespread.
k) Steppe ecosystems should be protected.
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I) Resource provision, planning and implementation studies should be carried out for the restoration
and recovery of damaged/disturbed ecosystems.
In addition to all of these, the following vital issues for Turkey's biodiversity should be addressed It
may be suggested that City Museums, if any, should take on a role within the framework of non-
formal education on some selected topics (Kiziroglu, 2011; Kiziroglu et al. 2021).
"1 National Afforestation and Erosion Control Law should be implemented.
| 2b-application in forest areas should be terminated.
| The Law on Tourism Incentives does not take into account the sustainability of ecosystems,
The articles on the use of coastal-forest areas should be amended by taking into consideration
the principles of sustainable development and protection of biodiversity.
| The first step in protecting biodiversity is to identify the areas to be protected...
In this framework, Turkey's
» important bird areas,
P important plant areas,
» sea turtle breeding grounds and
Important Mediterranean monk seal areas were identified.
The maps produced as a result of these studies show that there are many Mediterranean monk
seals scattered almost everywhere in Turkey. proves that there are many important
biodiversity sites.
Natural protected areas are the most effective way to recognise important biodiversity sites in
Turkey. is a protection status. Other area protection statuses in Turkey
P nature reserve,
» national park,
» natural park,
» special environmental protection area and
Arrangements such as the Ramsar site unfortunately cover a very limited area.

NATURE CONSERVATION AWARENESS AND ENVIRONMENTAL EDUCATION IN
EDUCATION PROCESS

| "Environmental Education” is an effective and permanent way of teaching human relations with the
environment. approach.

| How man affects his environment and how his environment affects him is the main subject of
education.

In order for our country, which is in the category of developing countries, to continue its
development without losing its biological richness, it is of great importance to educate the society and
students in a way to develop nature conservation awareness, especially for future generations.
Environmental Education exhibits an interdisciplinary approach to all social, scientific, cultural,
economic, etc. issues in the world. It processes and realises a rational approach that will increase the
quality of life, protect and improve it (De Haan et al. 1997; 2000; Kiziroglu, 2000).

1 Objectives of the conventions on biological diversity access to the environment and nature specific
active protectionism is only possible with social acceptance. The way to achieve this is through
environmental education. Environmental Education is realised in the following scopes:

a) Formal Education;

b) Non-formal Education;
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c) Mass Education;

d) Education with mass media sources

e) University education.

1 It should be ensured that the course or courses in this education process do not affect the passing
grade and these lessons should be without grades. Thus, the stress of taking notes should be prevented
from pushing the importance of the subject to the second plan. There are three approaches to
environmental education. These are

a) Education for environmental management and control;

b) Education for environmental awareness and interpretation;

¢) Education for sustainability.

The greatest contribution to all three approaches will be provided by non-formal education in
addition to formal education, and therefore by the structuring and organisation of City Museums in
this field.

I In out-of-school places, e.g. In out-of-school spaces, e.g. in City Museums, environmental
educational studies should be carried out.

I Various professional groups should be trained in nature protection and environmental education and
In-service training or further training should be provided. The public should be informed about the
problems related to environment and nature protection; they should be given the opportunity to consult
and make explanations. Universities, secondary education institutions, local administrations, city
museums and relevant ministries should cooperate in this regard, and the involvement of non-
governmental organisations should also be ensured. "Environmental Education”, in other words
"Forest Pedagogy", especially for the forest ecosystem, should be popularised through the joint efforts
of the Ministries of National Education (MEB) and Agriculture and Forestry (TOB).

Contribution to "learning by doing-living" (Audio-visual) based education in City Museums
can be provided in the following ways: For this
a-Writing on the subject: writing songs, films, stories, etc...
b-Poster preparation;
c-Model making;

d- Dramatisation;
e-Games;
f-Research assignments should be carried out.

| In addition, one of the important functions of city museums is to promote diversity in life.
and for this reason biological forms should be protected. One of the most important goals of CITY
MUSEUMS should be to visually and comprehensibly address the fact that human actions and
behaviours, production, consumption and activities change according to its culture and values, but
ultimately environmental problems occur due to these actions (Kiziroglu, 2011; Kiziroglu et al. 2021).

CONCLUSION

A balanced and balanced life for all mankind by curbing population growth before the end of
natural resources.

While it should be the most basic human duty to ensure that people can use it in a proper way,
the Corona-virus event, which has shaken and shaken the whole world in the last two years, has
revealed the fact that people do not help each other even in the minimum commons. For this reason,
the maxim "the captain who saves his ship™ should be changed as soon as possible and the fact that
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there is room for all of us on that ship should be well perceived by those who think that they rule the
world and they should develop strategies accordingly. The main problem lies in the problematic of
how the human species (homo s. sapiens) can be protected from humans: Can this problem be
eliminated? If it can be solved,

I A) Human/natural environment relations can be regulated;
"1 B) Environmental pollution can be prevented.

| C) Social,

| D) Political,
| E) Cultural,

| F) Intellectual,
1 G) Economic and

| H) Consciously preventing pollution of nature can be ensured
This means, first of all, that human beings must be cleansed of the gene of polluting the nature in
which they live can be realised as a result. In other words, we must first get to know our inner
environment and learn to restrain our ambitions, wishes and desires. Competence and harmony in our
inner environment will be reflected in our outer environment, our children and grandchildren, and a
healthy society will be formed.
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ABSTRACT

One of the most basic needs of logistics companies in the transportation sector is to reduce the costs
of their freight transport vehicles. Especially when it comes to purchasing a new vehicle or the complete
renewal of the vehicle fleet, the concerned company decision-makers need to make an excellent
decision to choose the most suitable vehicle. Different decision algorithms should be tried, and related
studies should be compared. This study aims to determine the selection criteria required for evaluating
the new freight vehicle purchase process that a company intends to add to its vehicle fleet and the
importance weights of these criteria. Soft decision-making algorithms have determined the weights of
the 20 criteria for selecting heavy commercial vehicles. The ranking of the vehicles has been made
using the soft decision-making method. The best vehicle selection in line with the model has been
modeled.

Keyword: Soft sets, Soft decision-making, fpfs-matrices, Supplier selection, Vehicle selection

1. Introduction

Transportation of products constitutes a large part of cost expenses. While fulfilling customers' needs,
logistics consists of transporting, storing, controlling, and planning all kinds of products and services
from the producer to the final consumer effectively and efficiently. For the company to maximize its
profits, gain new customers, not lose its existing customers and maintain its prestige, the fact that the
products are prepared at the desired place and time in a cost and quality-oriented manner depends
mainly on the creation of its vehicle fleet with suitable heavy commercial vehicles.

The general motivation of these problems is that in vehicle purchases, only one factor, such as price, is
generally considered, and the processes are not fully addressed, so the wrong vehicle is selected.
Therefore, competitiveness decreases, and it creates a cost for the employer. While making these
decisions, decision makers need accurate and healthy evaluation processes. Thus, multiple decision-
making methods that can evaluate qualitative and quantitative factors are applied. Many decision
methods exist in the literature, and in this study, soft decision-making (SDM) methods are utilized.

258



3. RUMELI SURDURULEBILIR CEVRE ICIN ENERJI VE TASARIM SEMPOZYUMU

3rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
2-3 Subat 2023 / February 2-3, 2023

Silivri, ISTANBUL

The rest of the paper is organized as follows: Section 2 presents a brief literature review on vehicle
selection for multi-criteria decision-making approaches. Section 3 provides the concept of fpfs-matrices
and five SDM methods based on fpfs-matrices. Section 4 applies the five SDM methods to the
commercial vehicle selection problem. Finally, the conclusive remarks and discussion related to vehicle
selection and SDM methods are provided.

2. Related Works

Many logistics companies have used multi-criteria decision-making methods in their commercial car
selection. However, transportation selection problems are also handled with this concept. State-of-the
arts studies in this direction are as follows:

In [1], it has been presented an exemplary decision support model by using Analytic Hierarchy Process
(AHP) and goal programming methods in the automobile selection problem. In [2], it has been used the
multi-criteria fuzzy PROMETHEE method for best car selection problem. In addition, it has been
evaluated seven car models according to the criteria. In [3], it has been developed a multi-criteria vehicle
selection model to reduce the problems consumers face when buying a vehicle. This study determined
the criteria used when purchasing a vehicle: price, engine power, comfort, fuel consumption, safety and
speed to reach. In [4], it has been employed a combination of AHP and TOPSIS (Technique for Order
Preference by Similarity to Ideal Solution) methods to select the best among different car options. It has
been revealed that the most important criteria in car selection are safety, price, and spare parts
availability, respectively. In [5], it has been evaluated four transportation alternatives of public
transportation, using the ELECTRE method. In [6], it has been used the AHP in order to be able to
choose the mode of transport for a logistics company. In [7], automobiles have been ranked based on
cost, safety, and automobile class criteria using Fuzzy AHP and PROMETHEE Il methods. In [8], a
ranking has been made for sedan cars in India using AHP and TOPSIS methods. In [9] ranks 22
automobile brands that the middle-income group can buy using the AHP and VIKOR methods. In [10],
11 different models of electric cars offered for sale in Turkey are ranked based on battery capacities,
horsepower, aerodynamic coefficients, ranges, and sales prices utilizing TOPSIS and Entropy methods.
In [11], it has been presented an interval-valued spherical fuzzy AHP-ELECTRE method for the electric
car selection problem. In [12], it has utilized ANP-ELECTRE Ill methods to select the most viable car for
eco-friendly car selection.

Table 1. Details of the studies concerning vehicle selection problem

Year Ref Concept(s) and Method(s) Type of Decision-Making Problem
2006 [1] AHP Goal Programming Automobile Selection Problem
2007 [2] PROMETHEE Car Selection

2009 [3] Rule based car selection model Vehicle Selection

2010 [4] AHP and TOPSIS Car Selection

2011 [5] ELECTRE Transportation Selection

2014 [6] AHP Transport Mode Selection
2018 [7] Fuzzy AHP and PROMETHEE || Automobile selection

2019 [8] AHP and TOPSIS Sedan Car Selection in India
2020 [9] AHP and VIKOR Automobile Brand Selection
2020 [10] TOPSIS and Entropy Electric Car Selection

2021 [11] AHP-ELECTRE Electric Car Selection

2022 [12] ANP-ELECTRE Il Eco-Friendly Car Selection

3. Preliminaries

In this section, firstly, we present the concepts of fpfs-sets [13] and fpfs-matrices [14]. From now on, let
E be a parameter set, F(E) be the set of all the fuzzy sets over E, and u € F(E). Here, a fuzzy set is
denoted by {+®x | x € E}.
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Definition 1. [13] Let U be a universal set, u € F(E), and a be a function from u to F(U). Then, the set
{(“(")x, a(“(x)x)) | x € E} being the graphic of «, is called a fuzzy parameterized fuzzy soft set (fpfs-set)
parameterized via E over U (or briefly over U).

Across the present paper, the set of all the fpfs-sets over U is denoted by FPFS;(U). In FPFS;(U), since
the graph(a) and a generate each other uniquely, the notations are interchangeable. Thus, as long as
it leads to no confusion, a stands for an fpfs-set graph(a).
Example 1. Let E = {x;, x5, x5} and U = {u,, u,, us, u,}. Then,

a = {(*%xy, {®Muz, “Pus, “Cus}), (%xp, {(fuy, Oy, O%us, 03wy d), (O, {%fuy, O%us, “Cus )}

is an fpfs-set over U.

Definition 2. [14] Let a € FPFSg(U). Then, [a;;] is called fpfs-matrix of « and is defined by

Qo1 Qg2 Qg3 - Qopn
a;; Q12 A3 - Aqp
[ay] =|: : : .

Am1 Qo Amz - Opp o

such that for i € {0,1,2,---}and j € {1,2,-- },

S u(x), i=
Y a ("(xf)xj) (wy), i#0

Here, if [U| = m — 1 and |E| = n, then [a;;] has order m x n.
Hereinafter, the set of all the fpfs-matrices parameterized via E over U is denoted by FPFS;[U].

Example 2. The fpfs-matrix of a provided in Example 1 is as follows:

Definition 3. Let [a;;] € M5, (R). Then, feature fuzzification of [a;;] is defined by
ai]'

, Mmaxsy, # 0
~ max akj k
ai}' = k

1, max sy, = 0

Definition 4. Let [s;;] € M(,—_1)x1(R) such that m > 2. Then, normalization [$;;] of [s;;] is defined by
Sit — mkin Sk1

- , MaxSg; # min Sy,
§.. 1= {Mmax Sy, — min Sy, k k
i1 k k

1, max Syq = mkin Sk1
k

Secondly, we provide five SDM method in [15-17], to be required in the next section. Throughout this
paper, I, = {1,2,---,n} and I; = {0,1,2,---,n}. The SDM methods are detailed in Table 2.
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Table 2. Details of the SDM Methods employed herein

Year = Ref Notation/Name Structure Decision-Making Concept

2018 [15] MBRO1 fpfs-matrices = Comparison Matrix

2018 [15] @ CCE10 fpfs-matrices = Aggregation Operator

2019 [16] EMK19 fpfs-matrices = TOPSIS

2020 [14] PEM fpfs-matrices = Prevalence Effect

2021 [17] G17(R) fpfs-matrices =~ Aggregation Operator based on the indices set R

Algorithm 1. MBRO1 [15]

Step 1. Construct an fpfs-matrix [aif]mxn

Step 2. Obtain [by]n-1)xgn-1) defined by by, = ¥7_; ag;x(aij, ax;), ik € I,y such that

1, a;; = ay;
— j = Ckj
X(aij.akj) = {O, a;j < a,

Step 3. Obtain [cj;]gn-1)x1 defined by ¢;; = X7 by, i € Iy

Step 4. Obtain [d;;](m-1)x1 defined by d;y = X7 by, i € Ly

Step 5. Obtain the score matrix [s;;]n-1)x1 defined by s;; = c;y —d;y, 1€ L4
Step 6. Obtain the decision set {$1u, |u, € U}

Algorithm 2. CCE10 [15]

Step 1. Construct an fpfs-matrix [a;;]

mxn

Step 2. Obtain the score matrix [s;;]n-1)x1 defined by s;; = %Z};l AgjQij, 1€ Iy_q
Step 3. Obtain the decision set {#®u, |u, € U} such that u(y;) = —<

max Sjq
13

Algorithm 3. EMK19 [16]

Step 1. Construct fpfs-matrices [a};], [aZ], ..., [a};]
Step 2. Obtain [b;;] defined by

z d, i€l andj€l,

Step 3. Obtain [c;;] defined by c¢;; == by, b;j such thati € I,_; and j € I,
Step 4. Obtain the Positive Ideal Solution matrix [c;;] and Negative Ideal Solution matrix [c;;] defined by

oy = miax{cij} and ¢ = miin{cij}, i€l,_;andj €I,

Step 5. Obtain [s/;] and [s;;] defined by

n n
Z (cij — c{rj)2 and sj = Z (cij — cl‘j)z, i€l, sandj €I,
j=1 j=1

Step 6. Obtain [s;;] defined by
Si1 .
i1 = el
Si1 Si-; + Si_l’ l m-—1
Step 7. Obtain the set {u;, € U | s; = maxs;; }
l

Algorithm 4. PEM [14]
Step 1. Construct an fpfs-matrix [a;;]  suchthatm >2andn > 1
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Step 2. Obtain the score matrix [s;;](n-1)x1 defined by

z[( L z )( z)] ey

Step 3. Obtain the decision set {#y, |u, € U} such that u(u;) =

max siy

Algorithm 5. G17(R) [17]

Step 1. Construct an fpfs-matrix [aif]mxn

Step 2. Determine a set R of indices such that R € I,
Step 3. Obtain [b;;]on-1)x1 defined by

b = Z AojQij, 1€ lLyy

JeR

n
E al] ’ m—l
j=1

Step 5. Obtain the set V = {ui : by = max bkl}

Im-1

Step 6. Obtain the score matrix [511](m—1)x1 defined by
{Cill Uu; eV
Siq =
a bil' u; eU-V

Step 4. Obtain [c;;|n-1)x1 defined by

suchthati € I,,_;
Step 7. Obtain the decision set {$1u, |u, € U}

4. An Application of the SDM Methods to Heavy Commercial Vehicles Selection

This section considers the problem of choosing the best heavy commercial vehicle for a logistics
company in Ankara provided in [18]. The company currently has 18 heavy commercial vehicles. The
company plans to buy five new cars instead of three of those with the old production year and to increase
the vehicle fleet to 20 vehicles. For the vehicle selection problem in practice, a team of 6 experts working
in the logistics company, including one manager, one vehicle maintenance worker, two drivers, and the
authors of this article, was formed. The vehicle was determined by eight different brands (BMC, DAF,
FORD, MAN, MERCEDES, RENAULT, SCANIA, VOLVO). Then, the criteria for the vehicle selection
problem were determined. Literature studies [1,4] and the information obtained from different freight
transport companies reached were used to determine the vehicle selection criteria. The related data
present in Table 3.

In the case study, the alternatives stand for the heavy commercial car. The alternatives are denoted by
u, =" BMC", u,:=" DAF’, u;:=" FORD” u,:="MAN”’, ug:=" MERCEDES”, u4:="RENAULT",
u, ="SCANIA”, and ug :=“VOLVO”, and such that U = {uy,u,, us, u,, us, Ug, U, Ug, }. Besides, the
parameters are denoted by x; :="Engine specifications”, x, :=" Fuel tank capacity”, x; :="Movement
capacity”, x, ="Payload”, xs —“Transmission type”, x,:="Safe driving”, x,:="Ease of use’,

=“Technological factors”, x, :=* Price”, x;, :="Fuel consumption”, x;; =" 2nd hand price”, x;, ="
Ease of payment”, x5 = Malntenance cost X14 ="“Warranty period/km”, x,s :=“Similarity to Fleet”,
x16 ="Brand” x,, :="“Design”, x;5 :="Number of service stations”, x,, :=“Availability of spare parts”, and
X, ="Average repair time” such that E =
{x1, X5, X3, X4, X5, Xg, X7, Xg, Xo, X10, X11, X12, X13» X14» X15, X16, X17, X18, X109, X20}. Table 4 shows the fuzzy
weights for the aforesaid parameters.

262



3. RUMELI SURDURULEBILIR GEVRE ICIN ENERJI VE TASARIM SEMPOZYUMU

3rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
2-3 Subat 2023 / February 2-3, 2023

Silivri, ISTANBUL

Table 3. The heavy commercial vehicle selection data in [18]

Parameters
@ @
s =z £ g 3 5 7
S S © > &£ 2 < 3
2 @ o = — ° Q o o
= o © c < 2 £ )
9 5] o o =) ) 2 = 5 > o
e o = 7] c n =) 3 > © c
a X < K4} S S o 2 o Q IS
c ) ko] = — S < c — c
. e § £ 8§ E 5 5 2 g & 5 g
Vehicles £ = o S 2 ° o = o = < o €
(=2 [} 2 > @ — (%) [3} © [} kel %) '3
c S © s 5] © (0] = > c (]
I [ = o = ] i} [ o [ ~ i} =
BMC 7 600 2142 | 10550 2 7.5 7 7.5 | 198000 28 | 125000/ 18 1400
DAF 10 750 2500 | 12532 3 9 9.5 9 238000 30 185000, 24 1800
FORD 6 650 2500 | 10566 1 8 7 7.5 | 1720000 26 | 115000/ 30 1600
MAN 8.5 760 2814 | 10700 2 9 8 8 232000/ 27 182000 22 2000
MERCEDES 7.5 580 2416 | 11178 2 10 9 9 247000, 24 | 195000, 28 2200
RENAULT 9.5 780 2785 | 13100 3 10 10 10 | 252000/ 26 193 28 1900
SCANIA 9 580 2148 @ 12550 3 9.5 10 8.5 | 235000 27 | 181000/ 24 1950
VOLVO 10 690 2379 | 12400 3 9 9.5 9.5 | 255000 25 | 198000/ 18 2100
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Tablo 4. Parameters effects and weights of the alternatives for the car selection problem in [18]

Parameters Parameter Effect Parameter Weights
x1 Engine specifications Positive 0.050
x, Fuel tank capacity Positive 0.006
x3 Movement capacity Positive 0.031
x4 Payload Positive 0.042
x5 Transmission type Positive 0.011
x¢ Safe driving Positive 0.094
x, Ease of use Positive 0.043
xg Technological factors Positive 0.053
xq Price Negative 0.081
x40 Fuel consumption Negative 0.120
x11 2nd hand price Positive 0.032
x4, Ease of payment Positive 0.029
x13 Maintenance cost Negative 0.059
x14 Warranty period/km Positive 0.050
x15 Similarity to Fleet Positive 0.078
x16 Brand Positive 0.080
x17 Design Positive 0.027
x1g Number of service stations Positive 0.047
X19 Availability of spare parts Positive 0.056
x50 Average repair time Negative 0.010

Let us consider the importance degrees of the parameters in Table 4. Thereafter, the values in Table 3 are
normalized by feature fuzzification (see Definition 3) because the values are not in the interval [0,1].
Therefore, the fpfs-matrix [a;;] is constructed via the normalized values attained from Table 3 and the fuzzy
weights in Table 4 as follows:

(0.050 0.006 0.031 0.042 0.011 0.094 0.043 0.053 0.081 0.120 0.032 0.029 0.059 0.050 0.078 0.080 0.027 0.047 0.056 0.0107
0.700 0.769 0.761 0.805 0.667 0.750 0.700 0.750 0.224 0.067 0.631 0.600 0.364 0.720 0.333 0.222 0.550 1.000 0.950 0.000
1.000 0.962 0.888 0.957 1.00 0.900 0.950 0.900 0.067 0.000 0.934 0.800 0.182 0.920 1.000 0.556 0.900 0.321 0.850 0.333
0.600 0.833 0.888 0.807 0.333 0.800 0.700 0.750 0.325 0.133 0.581 1.00 0.273 0.720 0.333 0.500 0.650 0.705 1.000 0.133
[aij] =10.850 0.974 1.000 0.817 0.667 0.900 0.800 0.800 0.090 0.100 0.919 0.733 0.091 0.800 0.667 0.667 0.800 0.256 0.800 0.333
0.750 0.744 0.859 0.853 0.667 1.000 0.900 0.900 0.031 0.200 0.985 0.933 0.000 1.000 0.667 1.000 1.000 0.231 0.900 0.400
0.950 1.000 0.990 1.000 1.000 1.000 1.000 1.000 0.012 0.133 0.001 0.933 0.136 0.800 0.667 0.778 0.950 0.244 0.800 0.267
0.900 0.744 0.763 0.958 1.000 0.950 1.000 0.850 0.078 0.100 0.914 0.800 0.114 0.900 1.000 0.722 1.000 0.282 0.850 0.267
11.000 0.885 0.845 0.947 1.000 0.900 0.950 0.950 0.000 0.167 1.000 0.600 0.045 0.880 1.000 0.889 0.950 0.321 0.850 0.400-

Here, the parameters {x,, x,0, X13, X290} have negative effect on decision-making process. The values
belonging to the negative parameters are subtracted from 1 to construct the fpfs-matrix [aij] because an

fpfs-matrix is constructed based on positive effects.
Secondly, we apply the SDM methods, i.e., MBR01, CCE10, EMK19, PEM, and G17(R), to the above-
mentioned fpfs-matrix [aij]6x17. The decision sets and ranking orders generated by the SDM methods

are indicated in Table 4 and 5, respectively.
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Table 4. The decision sets generated by the SDM methods for [a;;]

SDM Method Decision Sets

MBRO1 [15] {°BMC, ®7361DAF, ©3°21FQRD, *3583MAN, 'MERCEDES, ®8°53RENAULT, ®8575SCANIA, °°?¢1VOLVO}
CCE10 [15] {07884BMC, O-9550DAF , ©8432FQRD, *8787MAN, *78°MERCEDES, *°286RENAULT, *77SCANIA, 'VOLVO}
EMK19 [16] {°BMC, *¢874DAF , ®1642FQRD, ****”MAN, *84°°MERCEDES, °522°RENAULT, ®#843SCANIA, 'VOLVO}
PEM [14] {05927BMC, O-9502DAF , ©6567FORD, *7992MAN, **1*MERCEDES, *3818RENAULT, ®95*3SCANIA, 'VOLVO}

G17(147) [17] {°BMC, °7872DAF , O259°FORD, ®42¢°MAN, ®°°©2MERCEDES, *¢¢2’RENAULT, ®8°31SCANIA, 'VOLVO}

Table 5. The ranking orders produced by the SDM methods for [al-j] and provided in [18]

Decision-Making Method = Ranking Orders

PROMETHEE [18] MAN < BMC < FORD < DAF < MERCEDES < SCANIA < RENAULT < VOLVO
MBRO1 [15] BMC < MAN < FORD < DAF < SCANIA < RENAULT < VOLVO < MERCEDES
CCE10 [15] BMC < FORD < MAN < RENAULT < DAF < SCANIA < MERCEDES < VOLVO
EMK19 [16] BMC < FORD < MAN < RENAULT < DAF < MERCEDES < SCANIA < VOLVO
PEM [14] BMC < FORD < MAN < RENAULT < MERCEDES < SCANIA < DAF < VOLVO
G17(147) [17] BMC < FORD < MAN < RENAULT < DAF < SCANIA < MERCEDES < VOLVO

The ranking orders in Table 5 show that CCE10 and G17(R) produces the same ranking orders. All the
five SDM methods except MBRO1 agree that the optimal heavy commercial vehicle of the company
based on the values in Table 3 and 4 is VOLVO while the nonoptimal is BMC.

According to PROMETHEE results [18] in Table 5, the optimal heavy commercial vehicle of the company
based on the same data is VOLVO while the nonoptimal is MAN. The comparison manifest that all
methods in Table 5 except MBRO1 agree that the optimal heavy commercial vehicle is VOLVO.

5. Conclusion

In this study, five state-of-the-arts SDM methods [14-17] constructed by fpfs-matrices were implemented
to the heavy commercial vehicle selection problem employing the data in [18]. As a result, the
investigated SDM approaches have effective ranking abilities. They produce the same optimum
alternative as the multi-criteria decision-making method PROMETHEE in [18].

Many multi-criteria decision-making methods have been applied to the heavy commercial vehicle
selection problem. In contrast to the literature, fpfs-matrices, modeling problems containing fuzzy
parameters, and alternatives, were applied to the heavy commercial vehicle selection problem in the
considered company for the first time. The results provide a different aspect via fpfs-matrices of supplier
selection concerning the heavy commercial vehicle selection problem. Although, the results were
obtained from the data of a company in Ankara, the SDM methods can be utilized for any car selection
problem across the country and around the world due to their modeling abilities. For example, the
studies related to energy planning [19] and academic performance evaluation [20] manifest their
capability in different problems.

It is possible to use several SDM techniques to enhance the findings for the heavy commercial vehicle
selection problem herein. The accuracy of the ranking of the heavy commercial vehicle selection
problem sources can also be improved by gathering extensive data pertaining to the heavy commercial
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vehicle selection problem and proposing new SDM techniques using fpfs-matrices, intuitionistic fuzzy
parameterized intuitionistic fuzzy soft matrices (ifpifs-matrices) [21], and interval-valued intuitionistic
fuzzy parameterized interval-valued intuitionistic fuzzy soft matrices (d-matrices) [22]. In addition, picture
fuzzy sets (pf-sets) [23-25] and their hybrid structures with soft sets can be used in the heavy commercial
vehicle selection problem to model uncertainties beyond fuzzy and intuitionistic uncertainty.
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THE IMPORTANCE OF SILIVRI REGION FOR RENEWABLE
ENERGY IN FACILITY LOCATION SELECTION AND AN
APPLICATION

TESIS YERI SECIMINDE YENILENEBILIR ENERJI KULLANIMI
ACISINDAN SILIVRI BOLGESININ ONEMI VE BIR UYGULAMA

Abdullah Ziibeyr SEKERCI
istanbul Rumeli Universitesi Miihendislik ve Doga Bilimleri Fakiiltesi
ORCID Nr: 0000-0003-4181-0387

ABSTRACT

This study aims to select RES-Intensive regions for factories engaged in production activities based on
three different kinds of literature. In the facility location selection (FLS) literature for RES, the most
suitable site selection is usually made according to the regional density of a particular renewable energy
source, such as wind and solar. In addition, In the RES selection literature, one of the most suitable
sources, such as solar, wind, and hydro is selected. In addition, the Normal FLS literature considers key
criteria for a facility, such as location, supplier and market proximity. In this context, this study focused
on selecting the regions where RES is concentrated and where factories can be established based on
three kinds of literature. Locations have been determined based on possible locations where factories
can be established in Istanbul. The most commonly used criteria in the literature were selected for the
selection process. Thus, the fuzzy analytical hierarchy process (FAHP) structure was established with
5 main criteria and 13 sub-criteria related to them. Silivri Region has been selected as the region where
the RES will be utilized best from the three alternative locations previously determined. The accuracy of
the result obtained has been confirmed by testing with real data.

Key Words: FAHP, renewable energy sourve, facilty location selection, region selection.

OzZET

Bu calisma ug¢ farkh literatirden beslenerek Uretim faaliyetinde bulunan fabrikalar icin RES-Yogun
bolgeleri se¢gmeyi hedeflemektedir. RES igin tesis yeri se¢imi (FLS) literatiiriinde, en uygun yer segimi
genellikle rizgar ve glines gibi belirli bir yenilenebilir enerji kaynaginin bdlgesel yogunluguna gore
yapilir. RES sec¢im (S) literatlriinde ise glines, riizgar, hidro gibi en uygun kaynaklardan biri segilirBuna
ek olarak Normal FLS literatlriinde bir tesis igin konum, tedarik¢i ve pazar yakinligi gibi temel kriterler
ele alinir. Bu baglamda bu c¢alisma Ug¢ literatirden yola ¢ikarak RES'in yogunlastiyi ve fabrika
kurulabilecek boélgelerin segimine odaklanmistir. istanbul'da fabrika kurulabilecek olasi lokasyonlar baz
alinarak lokasyonlar belirlenmistir. Segim sirecinde literatiirde en sik kullanilan kriterler segilmistir.
Bdylece 5 ana kriter ve bunlara bagli 13 alt kriterden olusan bulanik analitik hiyerarsi sureci (FAHP)
yapisi olusturulmustur. Silivri Bdlgesi, daha 6nce belirlenen Ug¢ alternatif lokasyondan RES'in en iyi
kullanilacagdi boélge olarak secilmistir. Elde edilen sonucun dogrulugu gercek verilerle test edilerek
onaylanmistir.

Anahtar Kelimeler: FAHP, yenilenebilir enerji kaynaklari, tesis yeri secimi, bdlge secimi.
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1. Introduction

In the 21st century, the main reason for the increase in CO2 emissions is the fossil fuels such as coal,
oil and natural gas, which are used in energy at a high rate. This situation leads to extraordinary annual
temperature increases in the world. With policies promoting renewable energy on a global and national
scale, the increase rate of fossil fuel use has been reduced. Figure 1 shows the primary energy sources
used in electricity generation between 1985-2021.
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Figure 1. Electricity from Primary Energy Sources Between 1985-2021 [1].

Fossil fuels and other energy sources are used in electricity generation at a rate of approximately 60%
worldwide. Apart from this, it is also used for needs such as fuel and heating in buildings, transportation,
and industry. Their rates are published annually by the International Energy Agency (IEA) [2]. As shown
in Figure 1, although fossil fuels have been reduced in energy use, they still have the main share in the
increase in CO2 emissions. Therefore, agreements such as the Kyoto Protocol, which Turkiye joined in
2009, and the Paris Climate Agreement, signed in 2016, strive to minimize this unsustainable increase
[3]. In this context, participants, viewers and many other countries are turning to RES for their net-zero
emission policies. As can be seen, the rate of electricity produced from RES has reached almost 50%
in recent years. The International Energy Agency expects the world's current installed renewable energy
capacity to increase by 2400 GW, or 75%, between 2022 and 2027. The largest share of this increase
belongs to China. In Figure 2, the countries' installed RES capacity increase rates are shown on the left
side as percentages and on the right side as GW values.

2022-27 Net Zero
35% by 2050 Scenario

2022-27 ace. case mChina

2022-27 main OAdvanced economies
20% case

mOther emerging and
15% 2018-21 developing countries

mWorld
2010-15

0 500 1000 1500 2000 2500 3000 3500 4000

China Eu Glotal Urited States India ow

Figure 2. Region-Based RES Installed Capacity Increase Rate-In percent and GW Value [4].
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As seen in Figure 2, states are rapidly turning to sustainable energy sources. The biggest revolution in
this field belongs to China, which was also the leader in the field of fossil fuels before. In addition, Tirkiye
is one of the seven driving forces in the area of renewable energy in the European Union Region, where
it is located [4]. Table 1 shows the state of Tirkiye in thermal and renewable energy.

Table 1. Domestic/Imported and Fossil/RES Ratio in Electricity Production from Primary Energy
Sources in Turkiye [5]

2010 - TURKIYE Electricity (_Ben_erat_ion-Primary Energy Sources 2021 2022
Distribution
Dlr%rggrsttég ((IS) Fgggll(_r\’()l: ) Source P(rfggg t Rate (%) P(rfggg t Rate (%) P(rf(c)igg t Rate (%)
GWh) GWh) GWh)

D+l F+R TOTAL 211.208 100,00% 331.241 100,00% 334.252 100,00%
D F+R Total 96.352 45,62% 167.576 50,59% 183.028 54,76%
| F+R Total 114.856 54,38% 163.665 49,41% 151.224 45,24%

D+l R Total 55.837 26,44% 118.263 35,70% 132.457 39,63%
D R Total 55.837 26,44% 118.263 35,70% 132.457 39,63%
I R Total 0 0,00% 0 0,00% 0 0,00%
D R Hydroelectric 51.795 24,52% 55.695 16,81% 66.867 20,00%
D R Wind 2.916 1,38% 31.137 9,40% 30.643 9,17%
D R Solar 0 0,00% 13.294 4,01% 15.680 4,69%
D R Other 1.126 0,53% 18.137 5,48% 19.267 5,76%

D+l F Total 155.371 73,56% 212.978 64,30% 201.795 60,37%
D F Total 40.515 19,18% 49.313 14,89% 50.571 15,13%
| F Total 114.856 54,38% 163.665 49,41% 151.224 45,24%
D F D. Coal 40.515 19,18% 49.313 14,89% 50.571 15,13%
| F I. Coal 14.532 6,88% 54.889 16,57% 70.410 21,06%
| F Gas 98.144 46,47% 108.439 32,74% 80.451 24,07%
| F Other 2.180 1,03% 337 0,10% 363 0,11%

According to Table 1 above, the locality rate has increased considerably over the years. The RES ratio
is the main contributor, which constantly increases electricity production. It should be stated that RES is
entirely domestic in our country, and more than half of the fossil fuels are imported. In addition, in 2013,
the Ministry of Energy stated that one of the 2023 targets was to increase the RES rate to 30% and
reduce the natural gas rate to 30%, which has been achieved [6].

In this context, the increase in RES rate in Turkey and the world have enriched the literature in this field.
Again, the literature alternately increases the orientation towards RES. This study aims to select the
region where a factory can be established in Istanbul, among three alternative regions within the
organized industrial zone (OI1Z) or close to the OlZ, where the RES will be utilized the most for the
production facilities. The FAHP structure consisting of 5 main criteria and 13 sub-criteria was used for
the selection process. In the literature, the use of multi-criteria decision-making methods (MCDM) has
increased in recent years for the RES S process. Therefore, the criteria were selected from the literature.
As a result of the selection process, Silivri Region is the most convenient region to establish a factory
to benefit from RES. The result of the selection process is also confirmed by real energy maps.
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2. Literatur Review

In recent years, since the orientation to RES and the policies in this direction have increased
considerably, studies in this field have increased in parallel in the literature. Studies with MCDM in this
literature are in the research area of this study. In addition, RES S, RES FLS and Normal FLS literature
were used. Since the literature review is extensive, this is shown in two separate tables. Table 2 shows
the applications in the literature, and Table 3 shows their methods.

Table 2. Literature Search for RES S, RES FLS and Normal FLS Applications with MCDM

Implementation

writer(s) vear RES S Wind FLS Solar FLS __ Normal FLS
Theodorou vd. [7] 2010 N
Oniit [8] 2010 N
Sadeghi vd. [9] 2012 N
Aydin [10] 2013 N
Kengpol vd. [11] 2013 v
Kabir ve Sumi [12] 2014 N
Noorallahi vd. [13] 2016 N
Damgaci vd. [14] 2017 v
Wang vd. [15] 2018 v
Duman [16] 2018 \
Ishfaq vd. [17] 2018 v
Darani vd. [18] 2018 v
Dogan ve Uludag [19] 2018 \
Giicer [20] 2018 N
Solangi vd. [21] 2019 v
Can ve Yiicel [22] 2019 N
Ammar vd. [23] 2019 V
Karakul [24] 2020 N
Derse ve Yontar [25] 2020 \/
Anderluh [26] 2020 v
Vagiona [27] 2021 v
Urfali ve Eymen [28] 2021 N
Komchornrit [29] 2021 N
Giiner vd. [30] 2021 RN
Abdel-Basset vd. [31] 2021 \/
Nong [32] 2021 N
Bilgig vd. [33] 2021 v
Xuan vd. [34] 2022 \ N
Oztas [35] 2022 \
Sarkodie vd. [36] 2022 \

TOTAL 10 4 6 9

Table 3. Literature Search for RES S, RES FLS, and Normal FLS Implementation Methods with MCDM

*
Writer(s) Yea Method
r F AHP F TP VK GR PR 1l EL MR CP BW ANP SW WS
Theodorou vd. [7] 2010 v R N
Oniit [8] 2000 v N A A
Sadeghi vd. [9] 2012 N NN A
Aydin [10] 2013 NN Y
Kengpol vd. [11] 2013 Vv v
Kabir ve Sumi [12] 2014 N A v
Noorallahi vd. [13] 2016\
Damgaci vd. [14] 2017 NN
Wang vd. [15] 2018 VW y
Duman [16] 2018 v N
Ishfaq vd. [17] 2018 v NGA
Darani vd. [18] 2018 Vv v
Dogan ve Uludag [19] 2018 v v
Giicer [20] 2018 v
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Solangi vd. [21] 2019 NN A
Can ve Yiicel [22] 2019 \
Ammar vd. [23] 2019 v A
Karakul [24] 2020 v
Derse ve Yontar [25] 2020 \/
Anderluh [26] 2020 \
Vagiona [27] 2021 \ NN N
Urfali ve Eymen [28] 2021 \
Komchornrit [29] 2021 \ \/
Giiner vd. [30] 2021 \
Abdel-Basset vd. [31] 2021 \/ N
Nong [32] 2021 R
Bilgig vd. [33] 2021 N
Xuan vd. [34] 2022 v v
Oztas [35] 2022 v
Sarkodie vd. [36] 2022 v NN
TOTAL 8 21 5 15 4 1 3 1 1 2 1 2 1 1 1

*F: Fuzzy, TP: TOPSIS, VK: VIKOR, GR: GRA, PR: PROMETHEE, EL: ELECTRE, MR: MOORA, CP: COPRAS, BW: BWM, AN: ANP, SW: SWARA,
WS: WASPAS.

As seen in the literature review, the use of MCDM methods has increased in the process of determining
the most appropriate RES in recent years. Among these methods, FAHP and FTOPSIS are used more
than others. In our study, the selection process was done with FAHP. In the next methodology section,
the FAHP structure and criterion selection were examined and then the selection process was made.

3. Methodology

This study has been prepared according to a specific methodology. As stated in the literature review,
MCDM methods were researched in the first step. Afterwards, the structure of these methods was
examined, and the most frequently used criteria in the literature were applied to these structures. As a
result, the region weights were found. Real energy maps were used to confirm these results. Figure 3
describes this methodology.

Find the Most Used
MCDM Methods in
RES S, RES FLS, and
Normal FLS Literature

/
A

Check and Verify
Results with Real

Geographical RES
Maps

=

Examine the
Structure of MCDM
Methods Found

<=

Apply Criteria to
Examined MCDM
Methods and Find

Region Weights

=

<=

Find the Most Used

Criteria in RES S
RES FLS, and
Normal FLS
Literature

U

Separate the
Criteria into Main
and Sub-Criteria

Figure 3. Methodological Progress of the Study
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According to the methodological progress in Figure 3, the structure of FAHP, which is the method
obtained from the literature, is examined in the next section.

3.1. The Structure of FAHP

AHP is an analytical decision-making method proposed by Saaty [37] in 1990. This structure translates
human views into mathematical expressions with the Saaty linguistic scale and selects the most
appropriate alternative among the main-sub-criteria. This study, on the other hand, preferred to use the
fuzzy format of AHP to obtain results even closer to reality. The FAHP model used is Buckley's model,
which developed Saaty's AHP structure [38]. The linguistic scale of the FAHP is shown in Table 4.

Table 4. Linguistic Scale of Fuzzy Numbers [12]

— Triangular Fuzz Triangular Fuzz
Saaty Scale Description N?meers g Numb?ers-Reversye

1 Equal Importance Level (1,1,2) (1,1,2)
2 Intermediate value (1,2,3) (1/3, 2, 1)
3 Weak Importance Level (2,3,4) (1/4, 113, %)
4 Intermediate value (3,4,5) (275, v, 1/3)
5 Medium Importance Level (4,5,6) (176, 1/5, Va)
6 Intermediate value (5,6,7) (277, 1/6, 1/5)
7 Strong Importance Level (6,7,8) (1/8, 1/7, 1/6)
8 Intermediate value (7,8,9) (a/9, 1/8, 1/7)
9 Very Strong Importance Level (8,9,9) (2/9, 1/9, 1/8)

The FAHP's weighting process steps for the main and sub-criteria are shown below. [39]:

Step 1. The pairwise comparison matrix ¥, determined based on expert opinions. This matrix consists
of fuzzy numbers d¥,,,:

_ dey dbyy o dk1j
Ck=1: D 1)

k k Jk
d ni d n2 d nn

If multiple decision-makers:

- M1dk
=" 2
With equation 2, di]- decision criteria are averaged, and the following matrix is obtained:
5 dn a ‘zij
C=|: -~ : 3)
dnl dnn

Step 2. The value of each row of triangular fuzzy numbers dij is obtained by the geometric mean, as 7;
[40]:

7 = (M= i)/ 1=1,2,.0 (4)
Step 3. Then, the weighting process is done as follows, and the values of W, are obtained [41]:
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m=F@H®H® .0 " =1,muy ©)

Step 4. The [;, m;,u; values obtained in step 3 represent a small, medium and large fuzzy triangular
number. Therefore, this fuzzy number is defuzzificied by the Center of Means (COA) method:

Dl- — ll-+‘rr:+ui (6)

Step 5. The value obtained as a result of the defuzzification process is normalized, and this value reveals
the weight of the desired criterion or alternative:

__ D
— JN
Zn=1Di

N;

)
The stages described above are applied separately at each stage of the FAHP structure when evaluating
the main and sub-criteria and alternatives. Finally, the weight of the desired alternative is determined.
3. 2. Obtaining Criteria from the Literature

According to Figure 3, Table 5 was created to obtain criteria from the literature in methodological
progress, and the most frequently used criteria in the studies are shown.

Table 5. Most Commonly Used Criteria in RES S and RES FLS Literature

Criteria
Writer  Year Main Criteria* Sub Criteria*
RR RF EP TP SF LF

RR RF EP ™ SF LF Sr Wr  Or I Ss Ws I lo It Sp Ed I Lf Ti I Re Sa I Ps Pm T Pw
[7] 2010 NN A v N v
[8] 2010 N N N \
[9] 2012 voodA N NN N
[10] 2013 v N NN v v NN v N
[11] 2013 N N A A N d \ Y N
[12] 2014 v NN N N NN
[13] 2016 v W v NN d N NI
[14] 2017 NN A N N N
[15] 2018 v N N A v v d v oA \ NN
6] 2018 v N A VoA v v N N
[17] 2018 y NN N N
[18] 2018 N Y N N NI
[19] 2018 NN N NN A N A v N N
[20] 2018 Vo N VoA
[21] 2019 VoA N N N I
[22] 2019 v v v N N N
[23] 2019 < Y v v \ NN
[24] 2020 W NN v N N |
[25] 2020 NN A NN N \ N
[26] 2020 v v N \
[27] 2021 N v VoA N NIV
[28] 20210 N N NN A A v d NN NN NN
[29] 2021 Y N N \
[30] 2021 N NN VoA v v v NN
[31] 2021 S N N N N N A NN N N
[32] 2021 vVoAN A N N N NN AN
[33] 2021 A NN NN Y
[34] 2022 v NN N N
B35 2022 v Vo v v v NN
[36] 2022 NN NN < NN A A
TOPLAM 19 8 20 19 14 20 15 12 8 5 3 19 6 5 4 20 8 11 7 9 15 12 6
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*Main Criteria: RR: RES Ratio, RF: RES Features, EP: Economic Possibilities, TP: Teknichal Possibilities, SF: Socioeconomical Factors, LF: Location Factors,

**Sub Criteria: Sr: Solar RES Ratio, Wr: Wind RES Ratio, Or: Other RES Ratio, Ss: Sunshade Slope, Ws: Wind Speed, lo: Investment and Operating Costs, It: Incentives
and Taxes, Sp: Service Period, Ed: Distance to Energy Lines, Lf: Land Features, Ti: Technology and Industry Development Level, Re: Regional employment, Sa: Social
Acceptance, Ps: Proximity to Suppliers, Pm: Proximity to Market, T: Transportation, Pw: Proximity to Water Source.

As seen in Table 5, some main and sub-criteria were obtained at high values and some at low values.
Saaty's [37] FAHP hierarchical table prepared according to this table is shown in Figure 4.

RES-Intensive Region
Selection for Production

RR

|_

EP TP SF LF

— lo | F Ps
Lf Re

— It — Pm —
Ti Sa

= =

l

SILIVRI TUZLA IKITELLI
REGION REGION REGION

Figure 4. RES-Intensive Region Selection for Production-FAHP Hierarchical Structure

The explanation of criteria shown in Figure 4 and the reasons for selection are explained with the items:

1. RE (RES Ratio): It is the main criterion that indicates RES-intensive regions. It has also been highly
preferred in the literature.

a. Sr (Solar RES Ratio): It is the sub-criterion that indicates the number of sunny days, solar

b.

C.

plant density or potential of the region where the facility will be established.

Wr (Wind RES Ratio): It is the sub-criterion that indicates the number of windy days, wind
speed, wind farm density or potential of the region where the facility will be established.

Or (Other RES Ratio): It is the sub-criterion that indicates the RES resource density or
potential of the region where the facility will be established, other than solar and wind, such as
geothermal or biogas.

2. EP (Economical Possibilities): It is the main criterion that indicates the economic advantages or
disadvantages in the region where the facility will be established.

d.

e.

f.

lo (Investment and Operation Cost): It is the sub-criterion that indicates the investment
and operating costs for the region where the facility will be established.

It (Incentives and Taxes): It is the sub-criterion that indicates the incentive and tax status of
the region where the facility will be established.

Sp (Service Period): Itis the sub-criterion that indicates the service period of the facility in the
region where the facility will be established.

3. TP (Technical Possibilities): It is the main criterion that indicates the technical and technological
possibilities of the region where the facility will be established.

g.
h.

Lf (Land Features): It is the main criterion that indicates the flatness of the land, the
possibilities of expansion, and the robustness of the region where the facility will be established.
Ti (Technical and Industrial Development Level): It is the sub-criterion that indicates the
technological and industrial infrastructure of the region where the facility will be established.

4. SF (Sosyoeconomicak Factors): It is the main criterion that indicates the labour potential and social
acceptance of the population of the region where the facility will be established.

Re (Regional Employment): It is the sub-criterion that indicates the workforce that can be
employed in the region where the facility will be established.
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j.  Sa(Social Acceptance): Itis the sub-criterion that indicates the acceptability of the facility by
the population of the region where the facility will be established, within the scope of
environmental factors, job opportunities or different advantages and disadvantages.

5. LF (Location Factors): It is the main criterion that indicates the location of the region where the facility
will be established to roads, raw material suppliers or customers.

k. Ps (Proximity to Suppliers): It is a sub-criterion that indicates the proximity of the region
where the facility will be established to the raw material producers.

I. Pm (Proximity to Market): It is a sub-criterion that indicates the proximity of the region where
the facility will be established to the customers.

m. T (Transportation): It is the sub-criterion that indicates the road infrastructure of the region
where the facility will be established.

Some main and sub-criteria in Table 4 were not included in the FAHP structure, and their expansions
were not needed to be explained. The reason is that they are used less in the literature and do not
comply with our study. After this section, FAHP pairwise comparison matrices are examined under the
title of implementation.

4. Implementation

FAHP pairwise comparison matrices were prepared by taking the opinions of three experts separately.
In addition, the average of the expert scores was taken as in Equation 2 to make the pairwise
comparison values singular. In this way, a total of 19 pairwise comparison tables were formed. Two of
these are shared in the study. Table 6 shows the comparison matrix between the main criteria
themselves, and Table 7 shows the comparison matrix between the main criteria RO and its sub-criteria.

Table 6. Pairwise Comparison Matrix for Selection of the Most Appropriate RES-Intensive Region of
Main Criteria

DEZ.

ANA RR EP TP SF KF [ij Wi (AVR) NORMAL
RR 10 10 10|40 50 60|30 40 50|50 60 70|30 40 50| 283 344 402 (036 051 0,69 0,52 0,52
EP 02 02 03|10 10 10|20 30 40|30 40 50(10 10 10| 1,00 1,19 138 | 0,13 0,18 0,24 0,18 0,18
™ 02 03 03|03 03 05|10 10 10|30 40 50|10 10 10| 068 080 09 |009 012 0,17 0,12 0,12
SF 01 02 02|02 03 03|02 03 03|10 10 10{03 02 02| 027 029 033|003 004 006 0,04 0,04
KF 02 03 03|10 10 10|10 10 10|60 50 40|10 10 10| 1,04 1,05 106 | 0,13 015 0,18 0,16 0,14

TOTAL 582 6,77 7,75 1

As seen in Table 6, RO main criteria have come to the fore in selecting RES-intensive region for
production. Table 7 shows the pairwise comparison matrix between the sub-criteria of this main criterion.

Table 7. Pairwise Comparison Matrix for Sub-Criteria of RO Main Criteria

RR sr wr or i W (Avk) NORMAL
Sr 1,0 1,0 1,0 1,0 1,0 10 |40 50 60| 1,59 1,71 1,82 | 0,40 0,47 054 0,47 0,47
Wr 1,0 1,0 1,0 1,0 1,0 10 |30 40 50| 1,44 1,59 1,71 | 0,36 043 0,51 0,44 0,43
Or 017 020 025|020 025 033|110 10 10| 032 037 044 (008 010 013 0,10 0,10
TOTAL 335 366 3,96 1
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As seen in Table 7, among the sub-criteria of the RO main criteria, solar and wind energy ratios are
more prominent in the region selection. Among them, the rate of solar energy is more prominent.
As a result of 19 tables prepared in this way, Table 8 shows the general weighting and ranking values.

Table 8. Overall Weighting and Ranking

MAIN w.* MAIN SUB w. SUB SILV. TUZL. IKT. w. SILV. w. TUZL. w. IKT.

Sr 0,47 0,35 0,39 0,26 0,09 1,00 0,06

RR 0,52 Wr 0,43 0,50 0,21 0,29 0,11 0,05 0,06
Or 0,10 0,37 0,38 0,25 0,02 0,02 0,01

lo 0,68 0,25 0,34 0,41 0,03 0,04 0,05

EP 0,18 It 0,24 0,40 0,34 0,26 0,02 0,01 0,01
Sp 0,08 0,32 0,32 0,36 0,005 0,005 0,005

™ 0.12 Lf 0,65 0,45 0,35 0,20 0,04 0,03 0,02
Ti 0,35 0,26 0,34 0,40 0,01 0,01 0,02

SE 0,04 Re 0,85 0,22 0,33 0,45 0,01 0,01 0,02
Sa 0,15 0,36 0,34 0,30 0,002 0,002 0,002

Ps 0,48 0,28 0,33 0,39 0,02 0,02 0,03

KF 0,14 Pm 0,32 0,28 0,28 0,44 0,01 0,01 0,02
T 0,20 0,30 0,30 0,40 0,01 0,01 0,01

TOTAL 0,37 0,32 0,31

RANKING 1. 2. 3.

*w: indicates the weight

As seen in Table 8, Silivri Region was determined as the most suitable region for selecting the RES-
Intensive region for production using the main and sub-criteria determined. Some findings and their
accuracy are discussed in the next section.

5. Findings and Discussion

In this section, not only the final ranking result but also some intermediate values are discussed. For
example, in the main criteria scoring, our experts scored the RR as the highest. Because in the pairwise
comparison of the main criteria, the goal is selecting the densest RES region. Therefore, this high ratio
was multiplied by other weights and affected the ranking. For example, when viewed from a different
perspective, Ikitelli Region scored first under the KF main criterion. However, since it was aimed to
increase the RES ratio in general, it could not be the first in total. Table 9 analyzes such cases and
shows the different rankings in sub-criteria weights.

Table 9. Region Ranking Analysis in Sub-Criteria

MAIN w.* MAIN SUB w. SUB SILV. TUZL. IKT. w. SILV. w. TUZL. w. IKT.

Sr 0,47 0,35 0,39 0,26 0,09 1,00 0,06
RR 0,52 Wr 0,43 0,50 0,21 0,29 0,11 0,05 0,06
Or 0,10 0,37 0,38 0,25 0,02 0,02 0,01

TOT. 1,22 (1) 0,98 (2) 0,80 (3)
lo 0,68 0,25 0,34 0,41 0,03 0,04 0,05
EP 0,18 It 0,24 0,40 0,34 0,26 0,02 0,01 0,01
Sp 0,08 0,32 0,32 0,36 0,005 0,005 0,005

TOT. 0,97 (3.) 1,00 (2.) 1,03 (1)
e 012 Lf 0,65 0,45 0,35 0,20 0,04 0,03 0,02
Ti 0,35 0,26 0,34 0,40 0,01 0,01 0,02

TOT. 0,70 (1) 0,69 (2.) 0,60 (3.)
SE 0,04 Re 0,85 0,22 0,33 0,45 0,01 0,01 0,02
Sa 0,15 0,36 0,34 0,30 0,002 0,002 0,002

TOT. 0,58 (3) 0,67 (2) 0,75 (1)
Ps 0,48 0,28 0,33 0,39 0,02 0,02 0,03
KF 0,14 Pm 0,32 0,28 0,28 0,44 0,01 0,01 0,02
T 0,20 0,30 0,30 0,40 0,01 0,01 0,01

TOT. 0,86 (3.) 0,91 (2) 1,23 (1)
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The purpose of Table 9 is to consider only the region-based evaluations separately, without the weight
effect of the main and sub-criteria. As can be seen, Ikitelli Region, which is in the last place in the general
ranking, ranks first in some areas, such as economic opportunities or location factors. The known reason
is that it is much closer to the city centre than the other two regions and has access to different
opportunities and locations. Similarly, it has come to the forefront also with the high weight of regional
employment in socioeconomic opportunities. Again, it's about being close to the centre. On the other
hand, Silivri Region is known to be the most suitable place in terms of land, although it is not ahead of
ikitelli in terms of technical possibilities. This criterion also brought this region forward. Such inferences
can also be made.

In addition, the study aims to select the region with a dense RES ratio and potential. Therefore, to
analyse the selected region's relationship with the real situation, these districts' sun and wind intensity
were obtained from specific sources. In this context, Table 9 shows wind and Table 10 shows solar RES

rates and potential based on real data.

Table 9. Istanbul Districts Wind RES Installed Powers [42]

REGION  DISTRICT  WPP Name** Firm Name P;“,‘Vf:'(lﬁ% Ranking Rgﬁ:iig
CATALCA Istanbul WPP Universal Wind Enerji 200 MW
SILE Omerli WPP Erciyes Anadolu Holding 100 MW
CATALCA Catalca WPP Sanko Enerji 93 MW
SILIVRI Silivri WPP Eksim Enerji 63 MW
CATALCA Hacibey WPP Kivanc Enerji 51 MW
SILIVRI Canta WPP Erciyes Anadolu Holding 50 MW
SILIVRI CATALCA Yamactepe 2 WPP Sancak Enerji 30 MW
or CATALCA Aydos WPP Serbest Enerji . 14 MW
CATALCA Cataltepe WPP Super Elektrik Uretim 10 MW 1 1
Nearby  catarcaA  Kuptepe WPP Nokta Yatirim Holding 10 MW
Region g jyRi Mahmut Sevket Pasa WPP  Pasa Enerji 8,00 MW
SILIVRI Tepe WPP Teperes Elektrik 5,85 MW
SILIVRI Gazi WPP Ari En Elektrik Uretim 5,00 MW
SILIVRI Sakarbayir WPP Ari En Elektrik Uretim 3,00 MW
SILIVRI Ertan WPP Ertan Enerji Elektrik 3,00 MW
Uretim
B.CEKMECE Ayyildiz Enerji WPP Ayyildiz Enerji 0,50 MW
U.C.* CATALCA Salteks Tekstil Catalc WPP Salteks Tekstil 2,35 MW
U.C. SILIVRI Kavak Tekstil Istanbl WPP Kavak Tekstil 1,00 MW
U.C. SILIVRI Goksular Un WPP Goksular Un 1,00 MW
U.C. CATALCA ADC Saglik WPP ADC Saglik 0,75 MW
U.C. CATALCA Terkos Baraji WPP IBB 0,50 MW
SILIVRI WIND RES TOTAL 651,95MW 651,95 0,50
TUZLA U_SKUDAR Silivri WPP Eksim Enerji 63 MW 3 3
or SILE Sile. WPP Turkerler Holding 50 MW ) )
Nearby TUZLA WIND RES TOTAL 113 MW 113 0,21
Region
G.PASA Gaziosmanpasa WPP 0z-Yel Elektrik Uretim 50 MW
IKITELLI G.PASA Tayakadin WPP Fina Enerji 50 MW
or G.PASA Kemerburgaz WPP Alto Holding 33 MW 2. 2
Nearby ~ SARIVER E;ﬁ:;; g:r‘r‘l’;zl;yvpp Bogaici Universiy 0,90 MW
Region IKITELLI WIND RES TOTAL 133,90 MW 133,90 0,29
FAHP - REAL DATA CORRELATION %97,23

*U.C.: Under Consruction
*WPP: Wind Power Plant

As seen in Table 9, the highest wind RES rate in Istanbul OlZs is in the Silivri Region, with a five-fold
difference. The other two OIZs are very close to each other, and the FAHP ranking has also captured

278


https://www.enerjiatlasi.com/ruzgar/istanbul-ruzgar-santrali-res.html
https://www.enerjiatlasi.com/ruzgar/omerli-res.html
https://www.enerjiatlasi.com/ruzgar/catalca-ruzgar-santrali.html
https://www.enerjiatlasi.com/ruzgar/haci-bey-res.html
https://www.enerjiatlasi.com/ruzgar/canta-ruzgar-santrali.html
https://www.enerjiatlasi.com/ruzgar/yamactepe-2-res.html
https://www.enerjiatlasi.com/ruzgar/aydos-res.html
https://www.enerjiatlasi.com/ruzgar/cataltepe-res.html
https://www.enerjiatlasi.com/ruzgar/tepe-ruzgar-santrali.html
https://www.enerjiatlasi.com/ruzgar/silivri-ruzgar-santrali-res.html
https://www.enerjiatlasi.com/ruzgar/sile-res.html
https://www.enerjiatlasi.com/ruzgar/gaziosmanpasa-res.html
https://www.enerjiatlasi.com/ruzgar/tayakadin-res.html
https://www.enerjiatlasi.com/ruzgar/kemerburgaz-res.html

3. RUMELI SURDURULEBILIR GEVRE ICIN ENERJI VE TASARIM SEMPOZYUMU

3rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
2-3 Subat 2023 / February 2-3, 2023

Silivri, ISTANBUL

the real data. The high correlation value below Table 9 indicates this. According to Pearson [43], values
between 0,90-1,00 are defined as a "very high correlation”.

Table 10. Istanbul Districts Solar RES Installed Powers [44]

REGION*  DISTRICT SPP Name** Firm Name Installed  pohking  FAHP
Power (MW) Ranking
TUZLA ATASEHIR Yeditepe Un_iversitesi GPP  Yeditepe Universitesi 1,00 MW
or PENDIK Teknopark Istanbul GPP Teknopark Istanbul 0,46 MV
CEKMEKOY Ozyegin Universitesi GPP Fina Enerji 0,35 MW
Nearby  yskypar Ozel ASFA GPP 0Ozel ASFA Okullar1 0,041 MW 1. 1.
Region  ymRrANIYE Anel s Merkezi GPP Anel Enerji 0,027 MW
TUZLA Fronius inverter istanbul F. Inverter Istanbul 0,008 mw
u.C. TUZLA Tuzla Selale Park GPP IBB 0,55 MW
TUZLA GUNES RES TOPLAM 2,436 MW 2,436 0,39
SILIVRI B.CEKMECE B.cekmece Golu Yuzer GPP  IBB 0,24 MW
or ARNAVUTKOY  Samson Olcu GPP Samson Olcu 0,17 MW
ARNAVUTKOY  Aktas Akinci Tekstil GPP Aktas Akinc Tekstil 0,10 MW 2. 2.
Nearby  catarca Osman Muzaffer T. GPP Osman Muzaffer T. 0,005 MW
Region SiLiVRI GUNES RES TOPLAM 0,515 MW 0,515 0,35
IKITELLI IKITELLI Ikitelli Termal GPP 0,50 MW
or EYUPSULTAN  Eyup Belediyesi GPP Eyup Belediyesi 0,037 MW 3. 3.
Nearby _K.CEKMECE IETT Ikitelli Fabrikasi GPP  IETT Ikitelli Fabrikas: 0,009 MW
Region IKITELLI GUNES RES TOPLAM 0,46 MW 0,46 0,26
FAHP - REAL DATA CORRELATION %75,33

*QOther unlicensed SPPs in Istanbul (various companies): 21 MW
**SPP: Solar Power Plant

As seen in Table 10, the most intense solar WPP rate in Istanbul OlZs is in Tuzla Region, with a five-
fold difference, as in the Silivri wind rate. The other two OSBs are very close to each other, and the
FAHP ranking has also captured the real data. The above-average and high correlation values below
Table 10 indicate this. According to Pearson [43], values between 0.70-0.89 are defined as "high
correlation”.

6. Result

This study pursues a different purpose than the literature's most appropriate RES S. or RES FLS studies.
It presents a new proposal for manufacturing companies by considering the studies in the normal FLS
literature together with the studies in the RES S. and RES FLS literature. This recommendation is to
encourage companies to produce in RES-Intensive regions. In this context, the study aims to select the
RES-Intensive region among three alternative Istanbul OlZs with FAHP. However, when choosing RES-
Intensive regions, it also took advantage of the normal FLS literature to consider situations such as
location and economic factors. For this, 6 main criteria and 17 sub-criteria were determined among the
studies conducted with MCDM methods from the three kinds of literature mentioned. Among these
criteria, 5 main criteria and 13 sub-criteria were used in the structure of FAHP. As a result, Silivri Region
was chosen as an alternative OIZ region. Details of this selection process are discussed in the findings
and discussion section. Although Ikitelli Region has come to the fore in areas such as regional
employment or economic opportunities, and Tuzla Region has come to the fore in areas such as
technical opportunities, Silivri Region has remained at the forefront in WPP selection. Finally, it has been
observed that the FAHP structure captures real RES ratios or potential data with highly correlated
correlations. Thus, the study provides many contributions to the literature for Turkey, which was able to
exceed the 30% WPP rate targeted for 2023.
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SUMMARY

In this study, sustainability practices in restaurant businesses are explained by considering. The aim of
the study is to draw attention to the sustainability and energy saving issues in restaurant businesses
and to inform the stakeholders of the sector. Sustainability practices in restaurant businesses are
divided into four categories: food and beverage, structure and design, furniture and materials, and
corporate social responsibility. The practices mentioned in the study are explained in detail and
attention is drawn to sustainable restaurant businesses and the areas of realization of these practices
in restaurant businesses are also mentioned. As a result of the literature review, it has been concluded
that the sustainability practices of restaurant businesses are quite wide and that these practices will
provide a positive return to the environment if these practices are carried out correctly.

Keywords: Restaurant businesses, Sustainability, Energy, Energy saving.

1. Introduction

With the industrialization movements that took place after the Industrial Revolution, developed and
developing countries faced environmental problems. [1]. The fact that our future is under threat due to
global warming, climate changes, sea pollution, noise pollution and air pollution has pushed human
beings to take various precautions. In this context, many activities have been organized and efforts
have been made to draw attention to the subject. [2]. In order to draw attention to these problems, the
Brundtland report, published in 1987, talked about the importance of sustainability and revealed the
basic principles of sustainability such as the protection of resources and the determination of
environmental limits. [2, 3]. It is possible to define the concept of sustainability as meeting the needs of
the present under conditions that will not affect the future generations or deprive them of their needs
[4].

Environmental pollution, which has become a growing problem, is the main cause of problems that
may adversely affect the future of human beings such as global warming and climate changes. One of
the reasons for the increase in these problems is the consumption of resources such as fossil fuels
such as oil and coal as energy [5]. It is possible to define the concept of energy as the ability to do any
work. The materials necessary to use this ability are defined as energy sources. Energy resources are
divided into two according to their recyclability and use [6]. It is the main characteristic of energy
sources that they cause environmental problems [7].

However, all energy sources do not cause environmental problems. Wind, solar, biomass, hydraulic,
hydrogen, tidal and geothermal energy known as renewable energy sources do not cause any
environmental problems. At this point, the mentioned resources are seen as an important tool in order
to ensure sustainability. [6].

Restaurant businesses, which have changed with the increase in human needs, are one of the places
where energy consumption is high. When cost calculations are made, it is seen that energy
expenditures are in the 3rd place after personnel and food and beverage costs, and this shows that
energy consumption is at a significant level. [5, 8].
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In this study, the current situation has been evaluated by making a detailed literature review on which
activities are carried out for sustainability and energy saving in restaurant businesses. At the same
time, detailed information about sustainable energy and energy saving is included in the study.

2. Restaurant Businesses

Restaurants are defined as places where soup is served first for healing and then transformed into
food service and turned into food and beverage businesses. The word restaurant means improvement
and repair. Today, a business must meet certain conditions in order to be defined as a restaurant.
These conditions are:

= Availability of special tables and chairs for each customer,

= Having a menu from soup to dessert,

= Pricing of each product separately and

= Orders are received and delivered in order [9].
In our country, restaurants are generally called restaurants and are defined as places where food and
beverages are prepared and sold for a certain fee. In addition, the food and beverage industry is a
constantly evolving industry. Naturally, different and special food and beverage businesses are also
increasing. At the same time, these enterprises can be divided into different classes according to their
structures, features, services and business documents as shown in Figure 1 [9, 10]. Today, restaurant
businesses can be classified according to some criteria. Internationally rated businesses are subject to
criteria such as "The best restaurant in the world" or "Michelin Star" [11].

Figure 1. Classification of restaurants [12].

It would not be wrong to say that restaurant businesses are different from other businesses in the
service sector. This is because it brings together art, tradition, and service experiences [13].
Restaurant businesses are accessible to everyone and reflect the social and cultural values of the
society. For this reason, it leads the society in energy saving and sustainability issues [14].

3. Sustainability in Restaurant Businesses

Sustainable resources in restaurants businesses are quite diverse. As can be seen in Figure 2 in a
study, sustainability practices in restaurant businesses have been comprehensively classified [15].
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Figure 2. Sustainability practices in restaurants [15].

If we evaluate the concept of sustainability in terms of the menus of restaurant businesses, it is seen
that especially local food trends support sustainability. Given that there are billions of restaurant
businesses in the world and the carbon footprint of each restaurant is considered, the supply of local
food is important for sustainability. Considering the environmental problems caused by the
transportation area, the choice of local products forms the basis of an environmentally friendly
restaurant business [16]. It is known that a food product travels 2,414,016 kilometers until it reaches
the plate. This explains why local products are preferred for green restaurants. Therefore, it is seen
that the use of local products can prevent situations that can increase the carbon footprint such as
packaging, transportation and freezing [17]. On the other hand, the fact that it is a current trend in
organic foods supports sustainability [18].

When restaurant businesses are evaluated in terms of structural and design, it is seen that the
materials used, transportation, being sensitive to the environment and land use are important in terms
of sustainability. In terms of structure, it is necessary to use sustainable materials in the buildings
where the restaurant business is located [15].

Another important application in terms of sustainability is furniture and equipment. As it is known,
basically, tables and chairs, fabric materials, porcelain and glass materials are used in the interior
environments of restaurants. At this stage, it is of great importance in terms of sustainability to choose
products that can deteriorate quickly in nature and do not harm the environment in the supply of
products [19, 20].

Finally, the social responsibilities of institutions are defined as environmentalist and nature-friendly
actions taken to increase the welfare level of societies [21].

4. Energy Saving in Restaurant Businesses

It is known that the food and beverage industry has great demands on energy consumption and this
demand causes serious environmental problems if not used correctly. In addition, 60% to 70% of the
demand for energy use in restaurant businesses comes for heating and hot water use. Although it
varies among enterprises, hot water use is in the first place [22]. Figure 3 shows the energy use rates
in restaurant businesses.
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Figure 3. Energy consumption in restaurants [5].

In order to save energy in restaurant businesses, it is necessary to pay attention to some issues. The
first of these issues is energy saving in terms of structure. When evaluated from a structural point of
view, it is necessary to pay attention to the architecture and design of the building in order to save
energy in restaurant businesses [23]. In addition to simple saving methods such as building insulation,
the use of smart and green systems are applications that will greatly increase energy savings in
restaurant businesses [24].

In order to reduce heating expenses and to save energy, the heating environment temperature should
be kept at 22 degrees at the highest and at the lowest 24 degrees in the cooling process. Cooling
systems should not be operated when the outside temperature is below 30 degrees. This shows the
magnitude of the savings when it is considered that a reduction of 1 degree in ambient temperature
will reduce fuel consumption by 6% on average. Unnecessary cooling of 1 degree increases energy
consumption to a large extent. Lowering the ambient temperature by 1 degree saves 6%, lowering it
by two degrees by 12% and lowering it by 3 degrees saves up to 18%. Building insulations also take
the lead at this point, and areas such as windows and doors that will cause heat loss should be
supported with insulation [5].

Another way of saving is related to equipment used in restaurant businesses. The A class of electronic
equipment to be used increases energy saving and efficiency [5].

5. Conclusion

Restaurant businesses are enterprises that change and develop according to human needs.
Restaurant businesses, which started to increase in number with industrialization and women's
participation in business life, have become an important part of the tourism sector today. Depending
on this increase, it is possible to say that the share of restaurant businesses in energy consumption
has increased. As can be seen, energy consumption is a major expense item in restaurant
businesses, as in other sectors. At the same time, factors such as not using energy properly cause
great damage to the environment and nature. Most of the energy sources used today depend on fossil
fuels. This situation reveals the extent of the damage that restaurant businesses cause to the
environment.

Many applications that have emerged today have entered a struggle to reverse this situation.
Sustainability and energy saving concepts are examples of these applications. The aim of
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sustainability is to transfer the resources we use to the future without harming nature and the
environment. It is also possible to ensure sustainability in restaurant businesses. The use of local
resources is one of them. The use of local products prevents environmental damage caused by
transportation. It also contributes to the local economy. The use of organic products creates the same
effects and also protects the environment as chemical pesticides are not used in the soils where the
products are produced. On the other hand, it is possible to say that the materials and equipment used
are important in terms of sustainability. It is also important for sustainability that the products used are
soluble in nature and do not contain harmful chemicals.

It is possible to say that it is important in terms of sustainability in green buildings and their structural
applications. Factors such as the materials used in these buildings and the use of the land on which
the building will be built should support sustainability. The materials used in the interior environment
as well as the buildings should be sustainable. For example, instead of using materials that are
harmful to nature, such as plastic, materials that will not harm nature should be used.

Another important issue for the environment is the correct use of energy and energy saving. It is
known that today, energy production from fossil fuels is quite common. Fossil fuels are quite harmful
for the environment. Therefore, energy saving reduces fossil fuel consumption and provides significant
benefits both to the business economy and to the environment. Another option is for restaurants to
generate their own renewable energy. For example, a restaurant that uses solar energy will not only
benefit the economy by using its own energy, but also will not harm the environment.

As a result, it is of great importance to save energy for the protection of the environment. On the other
hand, sustainable restaurant businesses preserve the balance of nature.
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