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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, iiclinciisii 2023 yilinda gergeklestirilmis olan, enerji ve ¢evre
konularinda arastirma yapan bilim adami ve uzmanlarin her yil bir araya geldigi geleneksel
bilimsel bir toplantidir.

Bu yilki 4.SUCET 2024 Sempozyumunda, yurtdisindan 3, Tiirkiye’den 2 ve Miihendislik ve
Doga Bilimleri Fakiiltesinden 6 olmak tizere 11 bildiri yiiz ylize ve es zamanl sekilde zoom
tizerinden 19 akademisyenin katilimiyla sunulmustur. Kuzey Kibris Tirk Cumhuriyeti
Ozankdy Kibris {lim Universitesinden ve Bulgaristan Gabrova Teknik Universitesinden olmak
tizere iki yurt dis1 iilkesinden akademisyenlerin katilimi sempozyuma uluslararasi katilimli
karakteri kazandirmistir.

Bildiriler, sempozyum programinin tematik alanlarina gore yapilan sunumlara uygun olarak
diizenlenmis 11 bildiriden olusmaktadir. Sempozyum Kitabinda yayimnlanan makaleler
stirdiiriilebilir ¢evre icin enerji kullanimi ve tasarimlarin yani sira yagsam kalitesinin
yiikseltilmesi ile birlikte ¢evre korumanin desteklenmesine katkida bulunan bilimsel degerli bir
icerik sunmaktadirlar.

Avrupa Birligi'ne katilma siirecinde bulunan ve 2015 yilinda Paris anlagsmasini 2021 yilinda
imzalamis olan Tiirkiye, enerji tiikketimi, enerji verimliligi ve yenilenebilir enerji kaynaklar: ve
sera gazi emisyonlarinin uygulanmasi alanlarindaki hedefler paketini gergeklestirmek
zorundadir. Bu kapsamda, CO2 emisyonlarinin azaltilmasinda 2030 yilina kadar yiizde elli ve
2050°de binalarda sifir emisyona ulasilmasi hedefleri tanimlanmustir. 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 Tiirkiye i¢in de en 6nemli zorluklar siralamasinda, 6gretimden sonra ¢evre
koruma ve iklim degisikligine kars: dnlemler 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
sicakligl azaltilmasi hedefine ulasmak icin bilinglendirilmesi ve hizli bir ¢aba gostermesi
gerekmektedir. 1,5 derecelik atmosfer sicakligi azaltilmasi hedefinin gergeklestirilmesi igin
Avrupa Birligi iilkelerindeki gibi Tiirkiye’de de enerji iiretiminin ve arzinin doniistiirilmesi
gerekmektedir. Sanayi sektoriinde enerji tasarruflu teknolojiler ile degisimi gergeklestirmede
iki tedbir Oncelikli uygulanmalidir. Birincisi, iklime zarar veren siibvansiyonlarmn hizla
azaltilmasidir, ikincisi CO2 emisyonlarmin azaltilmasidir. Ozellikle iklime zarar veren iiriinler
daha yliksek vergilendirilmelidir. Miihendislik yaklasimi, bireysel endiistrilerin enerji gecisi
sirasinda yeniden yapilandirilmasinin kabul edilebilir oldugunu ortaya koymaktadir. Yeni
teknolojiler sanayi sektoriinde de bdyle bir degisim de 6nemli bir role sahiptir. Bu durum
ozellikle yeni stireclerin gelistirildigi CO2 yogun alanlarda gecerlidir. Buna 6rnek olarak, kimya
endiistrisinde hammadde olarak CO: kullanilmas1 verilebilir. Yeni teknolojilerin enerji
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verimliligini artirdigini ve ekonominin enerji gegisinin basarisinda enerji tiikketimini azalttigini
dogrulamaktadir. Ayrica ulasimda enerji tiiketimini azaltmak ve yenilenebilir enerjilerin
gelistirilmesine de oncelikli olarak 6nem vermek gerekmektedir.

Tiirkiye’de son yillarda giines ve riizgar enerjisinin geniglemesi akilci ve memnuniyet vericidir.
Yenilenebilir enerjilerin genislemesi daha iddiali hale gelmelidir. Su anda mevcut olan
“Yenilenebilir Enerji Kaynaklar1 Yasas1” ve bunda yapilacak degisiklikler somut uygulanabilir
ve kontrol edilebilir hedefli olmalidir. Bunun i¢in riizgar enerjisi ve giines enerjili fotovoltaik
hizlandirilmig genigleme gerektirmektedir. Su an Tiirkiye’de, daha iddial1 enerji gegis ve iklim
koruma onlemleri alinmaz ise sonra ¢ok daha ciddi 6nlemler alinmak zorunda kalinabilir.
Tiirkiye, siirdiiriilebilir ¢evre i¢in enerji ve tasarim ile ilgili yurtdisindan katma degerli iiriin
satin almak zorunda kalmamalidir. Bunun i¢in harcanacak para yenilenebilir enerjilerin
genislemesine ve enerji tasarruflu teknolojilere yonelik harcanmalidir. Bu ayn1 zamanda
Tiirkiye 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 plani uygulamislardir. Bunun sonucu yenilenebilir enerji kullaniminda 6ngoriilen
bliylime artmistir ve uluslararas1 soézlesmelerde belirtildigi gibi sera gazi emisyonlarini
azaltmiglardir (0rnegin, 1992'den itibaren BM'in iklim degisikliginin azaltilmasinin
temellerini attig1 Kyoto Protokolii). Enerji ve g¢evre koruma igin yeni teknolojiler 6zetlenen
programin gerceklestirilmesi i¢cin 6nemli bir faktdr olmustur.

Yeni teknolojilerin ve uygulamalarinin gelistirilmesi bu hedeflerin gerceklestirilmesi i¢in bir
on kosuldur. Bugiin, diinya ¢apinda yenilenebilir enerji kaynaklarmin 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 gergegi
durmaktadir.

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

Yurtsever herkes i¢in biiyiik 6nem arz eden Atatiirk’lin bizlere en biiylik armagan1 Tiirkiye
Cumbhuriyeti Devletinin kurulusunun 100. Y1ilin1 biiyiik bir seving, kivang ve timitle kutladik.
2024 yilinda gerceklestirdigimiz 4. Rumeli Siirdiiriilebilir Cevre Igin Enerji ve Tasarim
Sempozyumu elektronik kitabinin Tiirkiye Cumhuriyetimizin ikinci yiizyili baglangicina ugurlu
olmasini dilerim.
Prof. Dr.-Ing. Ahmet CAN
Istanbul-Silivri, Subat 2024
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FOREWORD
New technologies in the field of Energy and Design for a Sustainable Environment.

The Energy and Design for Sustainable Environment (SUCET) Symposium is a traditional
scientific meeting where scientists and experts conducting research on energy and environment
come together every year, the first of which was held in 2021, the second in 2022, and the third
in 2023, hosted by the Faculty of Engineering and Natural Sciences of Rumeli University in
Istanbul.

At this year's 4th SUCET 2024 Symposium, 11 papers, 3 from abroad, 2 from Turkey and 6
from the Faculty of Engineering and Natural Sciences, were presented face-to-face and
simultaneously via zoom with the participation of 19 academicians. The participation of
academicians from two foreign countries, from Ozankdy Cyprus Science University in the
Turkish Republic of Northern Cyprus and from Gabrova Technical University in Bulgaria, gave
the symposium an international participation character.

The papers consist of 11 papers arranged in accordance with the presentations made according
to the thematic areas of the symposium program. The articles published in the Symposium Book
provide a scientifically valuable content that contributes to the promotion of environmental
protection as well as energy use and designs for a sustainable environment, as well as increasing
the quality of life.

Turkey, which is in the process of joining the European Union and signed the Paris agreement
in 2015 in 2021, has to achieve the package of targets in the fields of energy consumption,
energy efficiency and renewable energy sources and the implementation of greenhouse gas
emissions. In this context, the targets of reducing CO2 emissions by fifty percent by 2030 and
zero emissions in buildings by 2050 have been defined. In Turkey, first of all, with the "20-20-
20" target adopted by the European Union member states, the obligations of the European
Union in the field of Energy and Environmental Protection should be undertaken and realized
quickly.

In the list of the most important challenges for Turkey as well as in the world, environmental
protection and measures against climate change should be in the second place after education.
In particular, the world's target of reducing atmospheric temperature by 1.5 degrees should be
a necessity. In order to accelerate the progress of climate protection, the public in Turkey needs
to raise awareness and make a rapid effort to achieve the goal of reducing the atmospheric
temperature of 1.5 degrees. In order to achieve the goal of reducing the atmospheric temperature
by 1.5 degrees, energy production and supply in Turkey need to be transformed as in the
European Union countries. Two measures should be applied as a priority in realizing the change
with energy-efficient technologies in the industrial sector. The first is the rapid reduction of
climate-damaging subsidies, the second is the reduction of CO2 emissions.

In particular, climate-damaging products should be taxed higher. The engineering approach
establishes that it is acceptable for individual industries to be restructured during the energy
transition. New technologies also play an important role in such a change in the industrial
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sector. This is especially true in CO2-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 improve energy efficiency and reduce energy consumption in the success of
the economy's energy transition. In addition, 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 must become more ambitious. The current "Renewable
Energy Sources Act" and the amendments to it should be concrete, feasible and controllable.
For this, wind energy and solar-powered photovoltaics 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 should be spent on the expansion of renewable energies and energy-
efficient technologies. This will also boost Turkey's economy and create more job
opportunities. Today, Turkey has appropriate laws in the field of energy and environmental
protection at the level of legal and subordinate law acts.

The question is when will renewables meet 100% of conventional energy sources? The answer
to this question is not simple. Until 2020, they have implemented the master plan to reduce
energy consumption by using the energy consumption of the European Union states efficiently.
As a result, projected growth in the use of renewable energy has increased and they have
reduced greenhouse gas emissions as specified in international conventions (e.g., the Kyoto
Protocol, in which the UN laid the foundations for climate change mitigation since 1992). New
technologies for energy and environmental protection have been an important factor for the
realization of the outlined program.

The development of new technologies and their applications is a prerequisite for the realization
of these goals. Today, it is seen that renewable energy sources play a dominant role in energy
planning around the world, and the use of wind energy is in the first place. However, the fact
remains that traditional energy sources will not completely disappear in the near future.

There is also an increase in the use of renewable energy sources in Turkey, which is promising
for the future. In this context, investors and entrepreneurs should be encouraged to invest in
renewable energy systems through a state-level tariff system and bankers to move financial
resources to these investments.

Atatiirk's greatest gift to us, which is of great importance for all patriots, is the 100th anniversary
of the establishment of the Republic of Turkey. We celebrated the anniversary with great joy,
pride and hope. In 2024, we held the 4. | wish that the Rumeli Energy and Design for
Sustainable Environment Symposium e-book will be auspicious for the beginning of the second
century of our Republic of Turkey.

Prof. Dr.-Ing. Ahmet CAN
Istanbul-Halig, February 2024
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Buhar Sikigstirmali Sogutma Cevriminde R134a, R290, R600a
ve R717 Sogutucu Akigkanlarinin Kullaniminin Teorik Olarak
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OzZET

Bu calismada, bir buhar sikistirmali sojutma c¢evriminde farkli sojutucu akiskanlarin kullaniimasi teorik
olarak analiz edilmistir. Secilen akiskanlar R134a, R290, R600a ve R717°dir. Cevrim 25 ile 50 °C sicakliklari
arasinda degisen yogusturucu sicakliklari ve -25 ile 5 °C sicakliklar arasinda degisen buharlastirici
sicakliklari temel alinarak degerlendirilmistir. Termodinamik analizini gergeklestirmek kullanilan model
Muhendislik Denklem Coéziicisi (EES) yazihmi kullanilarak olusturulmustur. Cevrimin performans katsayisi,
kompresorin tikettigi glic ve gevrimde dolasan sogutucu akiskan kitlesel debisi tartisiimistir.

Anahtar Kelimeler: Buhar sikistirmali sojutma, farkli sogutucu akiskan, eneriji, teorik analiz

GiRiS

Sogutma, kontrolli kosullar altinda bir Griinden 1sinin uzaklagtirilmasi islemi olarak tanimlanabilir. Bagka bir
deyisle sogutma, sicakligi halihazirda ¢evre sicakliginin altinda olan bir cisimden surekli olarak i1s1 ¢ekilmesi
anlamina gelir. Sogutma, ¢abuk bozulan gidalarin, iceceklerin ve tibbi Grtinlerin islendigi saklama odalarini
sogutmak icin de yaygin olarak kullanilir. Diger tim sogutma sistemleri arasinda buhar sikistirmal sogutma
sistemleri yaygin olarak kullaniimaktadir. Buhar sikistirmali sogutma sistemlerindeki son gelismeler,
verimliligi artirmak, cevresel etkiyi azaltmak ve genel performansi artirmak igin gesitli kilit alanlara
odaklanmistir.

Radhouane Ben Jemaa ve digerleri (2016), R134a'ya alternatif bir galisma akiskani olarak R1234ze kullanan
hava sogutmali buhar sikistirmali bir sogutma sisteminin evaporatdriinde sogutulan su igin enerji ve ekser;ji
analizleri gerceklestirmistir. MUhendislik Denklem Coézucusu (EES) kullanilarak bir termodinamik model
gelistirilmigtir. Buharlagsma ve ortam sicakliklarinin enerji ve ekserji verimlilikleri, toplam ekserji yikimi ve
sistemin farkh bilesenlerindeki ekserji kayiplarn tzerindeki etkisini arastirmak icin parametrik bir calisma
yuratalmagstar. Her iki sogutucu akiskan icin de enerji ve ekserji verimlilikleri arasinda dnemli bir fark
g6zlenmemistir. Bilesenler arasinda kompresér en yiksek ekserji yikimini gdsterirken, bunu kondenser,
genlesme valfi ve evaporator takip etmektedir. R1234ze kullaniimasi durumunda elde edilen tersinmezlik
R134a'dan daha dusuktir. Sonug olarak R1234ze’'nin bu sistemlerde R134a'ya iyi bir alternatif oldugu
vurgulanmigtir. Nair ve digerleri (2019), R-134a/PAG karisimiyla bir deney gerceklestirmigler ve farkli
performans parametrelerini analiz etmiglerdir. PAG yaginda dagilan AI203 nano pargaciklarinin
kullaniimasiyla COP degerinde %6,5'lik artis gézlemlemislerdir. Pico ve digerleri (2018), Buhar Sikistirmali
Sogutma Sistemlerinde elmas nano yaglayicilarin kullanimiyla R-410A'nin performans parametrelerini
arastirmiglardir. EImasin daha dusuk ve en yliksek kitle kombinasyonlarina gbére sogutma kapasitesinin
%4,2 ve %7 arttigini bulmuglardir. Akash ve Said (2003), ev tipi buzdolabinda R-12 yerine sivilastiriimig
petrol gazi (LPG) kullanarak deney gercgeklestirmislerdir. LPG'yi 50, 80 ve 100 g'hk d¢ farkl kdtle
kombinasyonuyla kullanmiglar ve 80 g'in en iyi verimi gdsterdigini bulmuslardir. Xu ve Clodic (1992), Buhar
Sikistirmali Sogutma Sistemlerinde R-290, R-134a ve R-12'nin ekserji analizi yaklasimini kullanmiglardir.
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Buzdolabi uygulamasi igin R-134a diger iki sogutucu akiskanla karsilastirildiginda daha verimli bulunmustur.
Ancak dondurucu durumunda R-12 daha iyi sonuglar vermigstir. Reddy ve digerleri (2012), Buhar Sikigtirmali
Sogutma Sistemlerinde farkli sogutucu akigkanlarin ekserjilerini analiz etmislerdir. Evaporatér ve kondenser
sicakliginin COP ve ekserjetik verimlilik icin iki etkili faktér oldugunu géstermislerdir. R-134a diger sogutucu
akiskanlara kiyasla daha iyi performans gdsterirken R-407C en disUk performansi gostermistir. Lee ve
digerleri (2014), sicaklik degisimini c¢evreleyen iklimlendirme Unitesinde sayisal analiz yapmiglar ve
genlesme cihazinin ortam sicakhgindaki artigla artan ekserji yikimini gézlemlemiglerdir. Paula ve digerleri
(2020), Buhar Sikistirmali Sogutma Sistemlerini R-134a alternatifleriyle simpleks yontemiyle optimize
etmisler ve R-290''n COP ve ekserji verimliligi acisindan diger sogutucu akiskanlar arasinda en iyisi
oldugunu gézlemlemislerdir. Park ve Jung (2009), R134a'ya alternatif olarak potansiyel bir sogutucu akiskan
olarak ev tipi bir su aritma cihazinda R430A'nin enerji verimliligini arastirmislardir. Ener;ji tiketiminin %50
daha az sarj kitlesi ile R134a'ya gore %12 daha disuk oldugunu ve ¢alisma sicakliklarinin da bu optimum
sarja benzer oldugunu bulmuslardir. R430A, kiitlece % 76 R152a ve % 24 R600a'dan olusan, yaklasik
0,10°C'den daha distUk bir sicaklik salinimina sahip, neredeyse azeotropik bir bilesiktir. Baskaran ve
digerleri, HFC152a, HC290, HC600a ve RE170 dahil olmak Uzere gesitli sogutucu karisimlari kullanarak
buhar sikistirmali sogutma sisteminin birinci ve ikinci yasa verimliligini arastirmiglar ve bulgularini R134a ile
karsilastirmiglardir. Mohanraj (2013), R134a'ya alternatif sogutucu akiskan olarak R430A'yi kullanan ev tipi
bir buzdolabinin eneriji verimliligi Gzerine teorik bir galisma gergeklestirmistir. Sonuglar COP, enerji verimliligi
ve toplam esdeger kuresel 1sinma etkisi degerlerinin daha iyi oldugunu géstermektedir. Jung ve digerleri,
yuruttikleri konut tipi su aritma cihazlarinda HFC134a'nin yerine R435A'nin (DME ve R152a'nin bir karigimi)
kullanimina iligkin deneysel bir arastirmanin sonuglarini bildirmislerdir. Testlerin bulgularina gore, ener;ji
kullanimi ve desarj sicakhgi HFC134a'ya gore sirasiyla %12,7 ve 3,7 °C daha dusuk bulunmustur. Park ve
digerleri, hem deneysel hem de sayisal yontemler kullanarak, ev tipi su aritma cihazlarinin sogutma
sisteminde kullanilan HFC134a'nin degistiriime olasiligini arastirmislardir. Testlerin sonuglari, R510A'nin
enerji kullanimi ve kompresor tahliye sicakliginin, %50 sogutucu sarjli HFC134a'ya goére sirasiyla %22,3 ve
3,70 °C daha dusuk oldugunu gostermektedir. HFC134a, R510A'nin bir alternatifi oldugunu ve ev tipi su
aritma cihazlarinin sogutma sisteminde HFC134a'ya kiyasla hafif bir degisiklik gosterdigini bildirmislerdir.

Bu calismada, farkli sogutucu akiskanlar olarak R134a, R290, R600a ve R717 kullanilan buhar sikistirmali
bir sogutma g¢evriminin teorik analizi EES yazilimi kullanilarak gergeklestiriimistir. Sogutucu akiskanlar 25 ile
50 °C sicakliklari arasinda degisen yodusturucu sicakliklari ve -25 ile 5 °C sicakliklari arasinda degisen
buharlastirici sicakliklari temel alinarak degerlendirilmistir.

Sistem Tanitimi

Buhar sikistirmali sogutma c¢evrimi dért temel elemandan olusmaktadir. Cevrimin sematik diyagrami Sekil
1'de, P-h diyagrami ise Sekil 2'de verilmigtir.

Yogusturucu

Kisilma
Vanasi

Sekil 1. Sistemin sematik gdsterimi
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Sekil 2. Sistemin P-h diyagrami
Sogutucu akigkan, buharlastiricida buharlasirken sogutulan ortamdan 1si1 geker ve kompresére doymus
buhar olarak girer. Kompresortu galistirmak igin gerekli glic saglanarak sogutucu akigkan yogusturucu
basincina sikistirihr. Bu islem sirasinda sogutucu akigkanin sicakligi ve basinci artirmaktadir.
Yogusturucuda, buhar fazindaki akiskan 1si vererek yogusur. Yogusturucudan doymus sivi fazinda ¢ikan
akiskan kisilma vanasinda buharlagsma basincina genigletilir.
Termodinamik Model

Sekil 1'de gosterilen sistemin her bir elemani sirekli akigli agik bir sistem olarak ele alinmigtir. Termodinamik
analizi basitlestirmek icin asagidaki kabuller yapilmistir.

» Kompresor girisinde faz doymus buhardir.

* Yogusturucu ¢ikisinda faz doymus sividir.

» Baglanti borularinda ve sistem bilesenlerinde basing ve isI kayiplari ihmal edilmigtir.

* Buharlastirici ve yogusturucudaki siregler izobariktir.

* Buharlastirici ve yogusturucu adyabatiktir.

Literatirde kompresdrun izantropik veriminin sabit oldugu galsmalar bulunmaktadir. Ancak Aminyavari vd.
(2014) ve Singh ve Kumar (2022) tarafindan kompresdrin izantropik verimi Esitlik (1) kullanilarak
hesaplanmistir.

Bu calismada da kompresoérlerin izantropik verimlerinin belirlenmesinde Esitlik (1) kullaniimigtir.

n =1— (0.004 x BasingOrant) 1)

Ele alinan buhar sikistirmali sogutma c¢evriminin teorik analizi igin belirlenen tasarim parametreleri
Tablo 1’de verilmistir.

Tablo 1. Analiz i¢in belirlenen tasarim parametreleri

Parametre Deger
Sogutma Yuku 10 kw
Yogusturucu Sicakligi 25-50°C
Buharlastirici Sicakhgi -25-5°C
Kompresorlerin izantropik Verimi n =1 —(0.004 X BasingOrant)
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incelenen sogutma sisteminde her bir eleman igin kiitle dengesi asagidaki gibi yazilabilir:

Xy = Y 2
Her bir eleman icin genel enerji dengesi asagidaki gibi ifade edilebilir:

Yrighy + X Qg+ XWy = Trich, + Q. + X W, &)
Sogutma sisteminin elemanlarina ait enerji dengesi denklemleri Tablo 2’de sunulmustur.

Tablo 2. Bilesenlere ait enerji dengesi

Eleman Enerji Dengesi
Buharlastirici Qp, = m(hy — hy)
Yogusturucu Q, = m(h, — h3)

Kompresor Wiomp = m(hy — hy)
Kisilma Vanasi h; = h,

Sistemin performans katsayisi asagidaki baginti kullanilarak hesaplanmistir.

cop=—2_ (4)

Wkomp
Bulgular

Bu bdlimde, farkh buharlastirici ve farkli yogusturucu sicakliklarinda R134a, R290, R600a ve R717 igin
belirlenen performans katsayisi, kompresorde tiiketilen gli¢ ve ¢evrimde dolasan sogutucu akiskanin
kutlesel debisi grafikler halinde sunulmustur.

Yogusturucu sicakhiginin etkisi arastirilirken yapilan hesaplamalarda buharlasma sicakhidi -10 °C olarak
alinmistir. Sekil 3’'te farkh yogdusturucu sicakligi ile sistemin performans katsayisinin degisimi
goOrulmektedir. Yogusma sicakligi arttikca COP azalmistir. En yuksek COP degeri 25 °C yogusma
sicakliginda R717 sogutucu akiskani igin 5,616 olarak hesaplanmistir.

—e—R134a R290 R600a ——R717

6,5
55

4,5

cop

3,5

=y

25 \.\

1,5
20 25 30 35 40 45 50 55 60
Yogusturucu Sicakligi (°C)

Sekil 3. Farkli yogusturucu sicakliklarinda hesaplanan COP degerleri
Sekil 4’te yogusturucu sicakliklarinin tiketilen glce etkisi gériimektedir. Yogusturucu sicakliklari
arttikgca beklendigi gibi gl¢ tuketimi de artmigtir. Disik yogusma sicakliklarinda glg tuketimleri birbirine

¢ok yakindir. Yogusma sicakhdi arttikga tuketilen glc degerleri arasindaki fark belirginlesmektedir ve
en yuksek gug tuketiminin R134a kullaniimasi durumunda olustugu goérilmektedir.

4
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Yogusturucu Sicakligi (°C)
Sekil 4. Yogusturucu sicakliginin gug tiketimine etkisi

Sekil 5'te farkli yogusturucu sicakliklarinda sistemde dolastiriimasi gereken sodutucu akiskan kitlesel
debileri verilmistir. Yogusturucu sicakliginin artmasi ile birlikte sistemdeki sogutucu akigkan debisinin
arttigi goérilmektedir. En ylksek debi gereksinimi R134a igin olusurken, en disuk debi gereksinimi R717
icin olugsmustur.

——R134a R290 R600a —B—R717
0,1
= ’/.//
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2
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Sekil 5. Farkli yogusturucu sicakliklarinda sistemde dolasan sodutucu akigkan debileri

Buharlastirici sicakhginin sisteme etkisi incelemek icin yapilan hesaplamalarda yogusma sicakligi
35 °C olarak alinmistir. Sekil 6'da ¢gevrimin performans katsayisinin buharlagsma sicakhgi ile degisimi
sunulmustur. Buharlasma sicakhgi arttikga gevrimin COP degeri artmaktadir. En yiksek COP degeri
5 °C buharlasma sicakliginda R717 akiskanin kullanilmasi durumunda 7,331 olarak elde edilmistir. En
distk COP degeri ise -25 °C buharlagsma sicakliginda R134a icin 2,029 olarak hesaplanmistir.
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Sekil 6. Sistem performansinin buharlagsma sicaklhgi ile degisimi
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Sekil 7’de farkh buharlagma sicakliklarinda kompresorin tukettigi gug degerleri gérilmektedir.

—4+—R134a R290 R600a —E—R717
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Buharlagtirici Sicakligi (°C)

Sekil 7. Yogusturucu sicakliginin glc tiketimine etkisi

35 °C yogusma ve -10 °C buharlasma sicakliklari i¢in kompresoérde tiketilen gi¢ degerlerinin
karsilastiriimasi Sekil 8'de sunulmustur.

HR134a R290 R600a mR717

Giig Taketimi (kW)
Sekil 8. Farkli sogutucu akiskan igin kompresoérde tiketilen glic degerleri

Sekil 9'da farkh buharlasma sicakliklarinda sistemde dolastiriimasi gereken sogutucu akiskan kutlesel
debileri verilmisgtir. Buharlagsma sicakliginin artmasi ile birlikte ¢evrimdeki sogutucu akigkan debisinin
azaldigi gorilmektedir. En yiksek debi gereksinimi R134a igin olusurken, en disik debi gereksinimi
R717 igin olusmustur.
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Sekil 9. Farkl buharlasma sicakliklarinda ¢evrimdeki sogutucu akiskan debileri
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Sonuglar

Sogutma c¢evrimlerinde farkli sogutucu akigkanlarin kullaniimasi, ¢evrimin performansini ve
kompresorun tukettigi gict dogrudan etkiler. Bu ¢alismada, R134a, R290, R600a ve R717 sogutucu
akigkanlarinin buhar sikistirmali sogutma gevriminde kullaniimasi ele alinmigtir. Belirlenen sogutucu
akiskanlar icin farkli yogusma ve buharlasma sicakliklarinda c¢evrimin analizleri EES yazilimi
kullanilarak teorik olarak gergeklestiriimistir. Bu ¢alismadan elde edilen bazi sonuglar asagida
vurgulanmistir:

* Yogusma sicakligi arttikca COP azalmigtir. Farkli yogusma sicakliklarinda en yuksek COP
degeri 25 °C yogusma sicakliginda R717 sogutucu akiskani i¢in 5,616 olarak hesaplanmistir. En disik
COP degeri ise 55 °C yogusma sicakhginda R134a igin 1,899 olarak belirlenmisgtir.

* Dort sogutucu akiskan igin 55 °C ve 25 °C yogusma sicakliklarinda elde edilen ortalama COP
degerlerindeki fark %179°dir.

» Buharlagsma sicakligi arttikgca ¢evrimin COP degeri artmaktadir. En yliksek COP degeri 5 °C
buharlagsma sicakhginda R717 akigkanin kullanilmasi durumunda 7,331 olarak elde edilmistir. En disik
COP degeri ise -25 °C buharlasma sicakhdinda R134a icin 2,029 olarak hesaplanmistir.

» Dort sodutucu akigkan icin -25 °C ve 5 °C buharlagsma sicakliklarinda elde edilen ortalama
COP degerleri arasindaki fark %240'tur.

SEMBOLLER

COP  Performans katsayisi

Q, Buharlastiricida gekilen 1s1 [kW]
Q, Yogusturucuda atilan 1si [kW]
Wkomp Kompresorde tuketilen gic [kW]

m Cevrimde dolasan sogutucu akiskan kitlesel debisi [kg/s]
n Izantropik verim
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OzZET

Yapay zeka teknolojileri, bizi hizla yeni bir gaga tasimakta. Yasadigimiz donisimuin bas dénduricu hizi,
dogal olarak gesitli kaygi ve korkulara da yol agmakta. Bu ¢alismada soyut ve genis bir perspektiften;
makinelere, insanin makinelerle birlikte slre giden var olusuna, yapay zekdya ve insan aklina
bakacagiz. insan aklinin makine zekasindan daha biiyiik oldugunu ve dolayisiyla gelecek igin iyimser
olma hakkimizin oldugunu iddia edecegiz.

Anahtar Kelimeler: Yapay Zeka, Yapay Ogrenme, insan Akli, Makine, Turing Makinesi

ABSTRACT

Artificial intelligence technologies are quickly taking us to a new era. The dizzying speed of the
transformation that we are experiencing is giving rise to various concerns and fears naturally. In this
study, we will have a look at machines, the human existence along with machines, artificial intelligence,
and human wisdom from an abstract and broad perspective. We argue that human wisdom is greater
than machine intelligence and, thus, we are entitled to be optimistic about the future.

Key Words: Artificial Intelligence, Artificial Learning, Human Wisdom, Machine, Turing Machine

1. Girig

Son zamanlarin en popiler konusu nedir diye sorulsa, herhalde birgcogumuzun cevabi “yapay zek&”
olacaktir. Haberlerde, sohbetlerde, makalelerde, kitaplarda, derslerde vs. ‘yapay zeka’, ‘akilli makine’
gibi s6zleri gokga duyar veya okur olduk. O kadar ¢ok kullaniyoruz ki artik bu sézler anlamlarini yitirmeye
basladilar. Gunlik kullanimda zihinlerde olusan karsiliklari, betimleyici anlamlarinin yerine, daha ¢ok

adlandirdiklari teknolojik trtinlerin cagrisimlari olmakta.

Bu cagrisimlar icerisinde en basat yeri “Yapay Zekanin Basimiza Acacagi Belalar” bashdi altinda
toplayabileceklerimizin almasi ise, gercekten dikkate deger bir husus. S6z konusu kétimserlik dylesine
artmakta ki yapay zeka i¢in “tanindik¢a sevilmeyen teknoloji” bile denebilir. Yalniz; bu tespit, su soruyu
da sormamizi gerektirecektir: “yapay zekayi gergekten taniyor ve biliyor muyuz?” Bu c¢alismada; bu
soruya cevap arayacagiz ve ulastiJimiz cevaba dayanarak, ¢ok kétimser olmamiza gerek olmadigini
ve hatta yapay zekanin bizi gétirdigu gelecek igin iyimser olabilecegimizi 6ne stirecegiz.
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2. ‘Makinelesen’ insan
2.1. Sanayi Oncesi Toplumda ‘insan’

Teknik ayrintilara girmeden, yapay zekayi, ‘insan’ gibi disinen veya davranan ‘makineler’ Uretmeyi
amaglayan calismalarin bitiini olarak tanimlayabiliriz (bkz. Kilicaslan 2022, Russell & Norvig 2022).
Peki ama ‘insan’ ne demek, ‘makine’ ne demek?

‘Makine’ s6ézcigiinii hangi anlamda kullandigimizi biraz sonra ifade edecegiz. llginctir, insana dair
tanimlamalar daha ¢ok sanayi 6ncesi filozoflarinca yapilmis. Simdi, hizla bu tanimlamalara bir g6z
atalm.

insan olani, olmayandan ayirmak kolay. Bu meselede neredeyse hi¢ zorlanmayiz; insani diger
canlilardan, makinelerden, robotlardan ve hatta insansi olanlarindan? bile kolayca ayirabiliriz. Yalniz, bu
gonderi seklindeki basariyi, insanin betimleyici tanimlamasini yaparken gosterdigimizi soylemek gug.
ilk insana homo erectus, yani dik duran insan denir. insan, Socrates’e gére sorgulayan; Platon’a gére
toplumsal olan; Aristoteles’e gore, siyaset yapandir. Septikler icin insanin siiphe eden oldugunu
dgrenmek sasirtici degildir. Daha birgok tanim var: alet kullanan insan, giilen insan, aglayan insan, vs.
En ¢ok akilda kalan insan tanimi ise, Descartes’in homo sapiens s6zlyle zihnimizde donmus kalmistir;
insan (Aristoteles’in belirttigi gibi), distinen varhktir.

Dikkat edilirse, sanayi éncesi donemlerin filozoflari, tanimlamalarinda, insanlari hayvanlardan ayirma
¢abasina girmisler. Her tanim hayvanda olmayip da insanda olan bir 6zellige dayandiriimistir. Yagsam
mucadelesini hayvanlarla birlikte verdigimiz bir tarihsel dénem igin, ‘insan’ olmanin sinirlarinin
hayvanlarla kiyaslanarak belirlenmesi beklenir ve anlasilirdir.

2.2. Sanayi Toplumunda ‘insan’

Sanayi déneminde, hayat muicadelesinde hayvanlarin yerini, makineler almistir. Makineler, hem
hayvanlari hem de biz insanlari basta Gretim olmak lGzere yasam mucadelesinin bircok alaninda kas
glcu kullanmaktan kurtarmislardir. Yalniz; bu durum, insanlara zorunlu tretim faaliyetlerinden bittndyle
bagimsiz olmanin yolunu agmamistir. Genel olarak, sanayi dénemi makineleri, otonom davranabilme
kabiliyetinden yoksun olan ve dolayisiyla ancak insanlarin kontroliinde ¢alisabilen aygitlardir. “Bu tiirden
bir makineli hayatta kontrol insandadir” diyebiliriz. Ama bu cimlenin derin anlami gramerindeki olumlu
kipi tasimaz: makineleri kontrol etmek igin insanlar onlari kullanmayi 6grenmek, kullanirken yani
baglarinda olmak ve ¢alisma ritimlerini onlarin temposuna uydurmak zorunda kalmiglardir. Yani, biz
insanlar makineleri kontrol ederken, bedenlerimiz ve zihinlerimiz makineli yasam tarzinin kontrol( altina
girmistir.

Daha da kétusU, sanayi caginda insanlar tipki makineler gibi tek boyutlu bir varolusa hapsolmuslardir.
Bu durum, rastlantisal degdil makineli yagamin dayattidi bir sonu¢ olmustur. Makineler insanlari kendi
varoluslarinin kavramsal sinirlarina hapsetmislerdir. Peki, makinelerin kavramsal sinirlari nedir? Simdi,
bu meseleye aciklik getirelim.

Makine, matematiksel tanimiyla, bir girdi alip bir ¢ikti verendir. Ornegin, bir kahve makinesi bir miktar
kahve meyvesini ve suyu girdi olarak alir ve ¢ikti olarak icilebilir kahve verir (bkz. Sekil 1):

! Insans1 robotun bir diger ad1, eski Yunanca kékenli bir sdzciik olan ‘android’dir.
11
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Sekil 1. Kahve makinesi

Matematiksel tanimlar; ¢ok genel, dolayisiyla ¢ok soyuttur. Aciktir ki yaptigimiz tanim
uyarinca; makine, en soyut haliyle bir fonksiyondur (bkz. Sekil 2):

F

Sekil 2. Fonksiyon

Fonksiyonlar, dolayisiyla makineler, ¢cok tekdizedirler. Hep ayni isi yaparlar. Hep ayni girdileri ayni
ciktilara géturdrler. Kahve makinesi, kendisine kahve meyvesi ve su verildigi slirece bize hep igilebilir
kahve verecektir; asla gorba ya da gazoz vermeyecektir. Tipki, f(x) = 2x + 5 biciminde tanimlanmis f
fonksiyonunun, 3 sayisini girdi olarak aldigi her durumda ¢iktisinin 11 olmasi gibi...

Dikkat ediniz, tanimlarken fonksiyonun varolus kipine herhangi bir géndermede bulunmadik. Zira bunun
bir 6nemi yok. Fonksiyon; metalden, plastikten olusmus somut bir aygit da olabilir; batindyle soyut
matematiksel bir badinti da... Hatta ete kemige blriinmus bir canli da olabilir. Sonuncusunun érnegi,
sanayi toplumu bireyidir. Tek bir isi yapmak icin egitilmistir. Verili uygun kosullarda hep ayni gorevi yerine
getirir, hep ayni Uretimi yapar. Herbert Marcuse’un (1964) “One Dimensional Man” adl kitabi, bireyin
sanayi toplumunda tek boyutlu bir yagsama hapsolusunu anlatir ve elegtirir:

Sekil 3. Sanayi toplumu bireyi

Sanayi toplumu is bolimii Gizerine kuruludur. islerin olabildigince kiigiik pargalara ayrilmasi makinelerin
kullaniimasinin 6n kosuludur: bir is, pargalarina ayrildikga basitlesir ve yeterince basitlesince
makinelerce yapilabilir hale gelir ve hep éyle de olur ve olmustur. Modern insan da; bazen hemen
makinenin yani basinda bulunan mavi yakali olarak, bazen henulz yeterince mekaniklesmemis zihinsel

12
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bir rol Gstlenen beyaz yakali olarak ama her zaman tek boyutlu bir calisan olarak bu is béliminde yerini
alir. Yani modern insan igin uzmanlasma, tek bir fonksiyona indirgenmis olmasi anlamina gelir.

Yapay zeka calismalarinin, ‘insan’ gibi distinen veya davranan ‘makineler’ Uretmeyi amagladigini
soylemistik. Bu birkag on yillik degil, birkag yuzyillik bir amag¢. Daha 1500’li yillarda Leonardo da Vinci
ilk mekanik hesap makinesi tasarimini yaparken, insan gibi hesap yapan bir makine yapmayi hayal
etmigtir. 200 yil kadar sonra, Gottfried Wilhelm Leibniz calculus ratiocinator ile bu hayali ¢gok daha
yuksek bir seviyeye, yalniz sayilari degil diger kavramlari da hesaplayabilen mekanik bir dizenek hayali
dizeyine tasimistir. Belki sasirtici gelebilir; 20. yuzyilhin ilk yarisinda, gunimuiz bilgisayarlarini
yaratmaya calisanlar, bu makinelerin insan gibi duslnebileceklerine inaniyorlardi. Alan Turing
“makineler disulnebilir mi” sorusunu soruyor, Von Neumann'in ENIAC’I elektronik beyin olarak
adlandirihyordu. Birgodunu atlayarak bazi dénim noktalarini andiimiz? bu serlivenin sonunda
ulastigimiz sonug su: insana benzeyen makineler yerine, makineye benzeyen insanlar.

Simdi bu serlivene, insanlastirimaya c¢alisilan makinenin seriivenine biraz daha yakindan; insanin
makinedeki iz disumu olarak ‘gdrulen’ bilgisayar agisindan bakalim.

3 ‘insan’ Olamayan Makine
3.1. Computer

Genelde makinelere benzemek istemeyiz. Tek bir fonksiyona indirgenmis olmanin bedelini biliriz. Bu tek
fonksiyonu ne kadar iyi icra edersek edelim, bu birgok bagka yetimizin korelmesi pahasina olmustur.
Neyse ki; bu duruma yol agan makineli yagsam, buradan ¢ikis yolunu da agmistir. Cikisa giden yolun en
Onemli araglar bilgisayarlardir.

Bilgisayar da bir makinedir ama ¢ok 6zel bir makine. Bilgisayarin 6zelligi, en genel makine olmasidir.
Bir bilgisayar, dogru olarak programlanmasi halinde ve sinirsiz zaman ve sinirsiz bellek ile, algoritmik
olarak, yani sonlu ve ayrik adimda ¢ozulebilecek her problemi ¢ézebilir. Bu nedenle, bilgisayarin bir
diger adi evrensel makinedir. Bir kez daha vurgulamak gerekirse, bilgisayarin evrenselligi; potansiyel
olarak, butin fonksiyonlarin / makinelerin ‘toplami’ olmasindan gelir.

Evrensel makinenin, matematiksel modeli Alan Turing’e aittir. Zaten, Turing makinesi olarak da
adlandirilir. Asagida bir Turing makinesinin gorsel drnegi yer almaktadir:

Serit

1 53 I 3 I ) Y Y L N

0 kuma—YAlvm Kafast

Kontrol Birimi

Sekil 4. Bir Turing makinesi

2 Bilgisayar teknolojilerinin tarihine genel bir bakis igin bkz. Kiligaslan (2021).
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Sasirticidir; bu makine ‘her seyi’ inanilmayacak kadar az sayida islemle yapar: okuma-yazma kafasinin
seritte gosterdigi hiicreye bir sembol yaz, okuma-yazma kafasini geritte sola ya da sada kaydir, icinde
bulundugun durumda kal ya da bir baska duruma geg. Oyle goriinliyor ki, evrensel islevselligin yolu
bicimsel yalinliktan gegmekte.

Turing’in matematiksel modelini ilk genel amagli bilgisayar tasarimina dénustiren Macar asilli ABD’li
matematik¢i John von Neumann’dir. Tasarim 1946 yilinda ENIAC (Electronic Numerical Integrator And
Computer) adiyla viicut bulmustur:

Bellek -
— 5 8
¥ ¥ =

Aritrretil g
Denetim |~ miantik =
biérimni - birimni g

Birikeg i -

P &=

(G

Sekil 5. (a) Von Neumann mimarisi®  (b) ENIAC*

f

Von neumann’in tasariminin da yalinhgi dikkat ¢ekicidir.

Vurgulayalim; bilgisayarlarimiz evrensel makinelerdir. Butin fonksiyonlarin gicind gizil olarak
barindirirlar. Ama, yine de yakin zamana kadar bize bagdimliydilar; tipki, ‘tek-fonksiyon kapasiteli’
makineler gibi... Bir bilgisayarin hangi fonksiyonu icra edecegini bizim sdylememiz gerekiyordu. Onun
anlayacagi bir dille, bir programlama dili ile dogru algoritmay bir programa dénUsturerek.

3.2. Yapay Ogrenme

“Bilgisayarlar yakin zamana kadar bize bagimhydilar® diyoruz ¢lnki yakin zamanda, bu ylzyilin
basinda, degisen kosullarda anlaml islevsellik gOsterebilecekleri bir yeti kazandilar, 6grenme yetisi.
Artik, bilgisayarlarimiz, onlari uygun ve yeterli miktarda veriyle beslersek, kendi programlarini yazabilir
ve / veya ardindan daha 6nce karsilasmadiklari veriyi de inceleyebilirler. Bu, kuskusuz, bilgisayarlarin
bagimsizlasmasi yolunda buyuk bir adim. Elbette, “yine de isleyecekleri veriyi onlara halen biz veriyoruz;
dyleyse, bize hélen bagdimlilar’ denebilir. Ama unutmayalim ki makinelerin bolca veriye kolaylikla
erisebilecegi bir gagdayiz. Isik ve Kiligaslan’in (2020) asagidaki s6zleri, bu ¢agin konuyla iligkili 5Gnemini
vurguluyor.

Cevremizde veriden bol ne var kil Her yer, bir siir(i seyin verisiyle dolu. Ozellikle internet...
Makineler de internete baglilar. Ayni biz insanlar gibi onlar da aradiklarini orada bulabilirler.
Bdylece kendi programlarini yazan makineler, artik isleyecekleri veriye de kendi baslarina
ulasabilirler. (s. 61-62)

Bilgisayarlarin karsilastiklari problemlerin Ustesinden gelmek igin kendi ¢dzimlerini bulabilmesine
yapay 6grenme diyoruz. Makine 6grenmesi diyenler de var. Yapay 6grenme, yapay zeka alanindaki
¢alismalarda 6nemli ilerlemelere ve insanlarin yapay zekaya dair duygu ve dislncelerinde radikal
degisimlere yol acti.

3 https://tr.wikipedia.org/wiki/Neumann_mimarisi#/media/Dosya:VVonNeumannMimarisi.PNG
4 https://www.topragizbiz.com/konular/eniac-ilk-bilgisayar.11386/
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Yapay 6grenme ile birlikte, ilk kez makinelerin bizden bagimsiz davranabilecekleri kanisi insanlarin
zihinlerinde yer etmeye basladi. Zaten dogru programlanmasi halinde algoritmik olarak ¢6zilebilecek
her problemi gézebilen bilgisayar, artik bunu bir insanin destegi olmaksizin da yapabilecektir. Ustelik;
bu yetisini yalnizca biz insanlarca éngorilebilen durumlarda degil, belirsizlik barindiran durumlarda da
kullanabilecektir. Yani, 6grenen bilgisayarlar bittntyle kontrolimuizden ¢ikabilecek gibi gérunlyorlar.

Sunu da belirtmek gerekir. 20-25 yil 6nce her problem alanina 6zgl 6grenme algoritmasini ve bu
algoritmanin kullanacagdi 6grenme parametrelerini biz segerdik. 10 yil kadar dnce, yapay 6grenmede
yeni bir evreye girdik. Artik, derin 6grenmeyle birlikte bilgisayarlar bu hususlarda da destegimize ihtiyag
duymuyorlar. Derin 6grenme algoritmalari evrensel 6greniciler gibi davraniyorlar. Yalnizca yeterince
bilyuk veriyle beslenmis olmalari, verilen problemi ¢ézecek yolu bulmalarina yetiyor.

Gelismeler bunlarla da sinirh kalmadi. Gegtigimiz birka¢ yil iginde, Uretken yapay zeka ile tanistik.
Oncesinde, bilgisayarlar sadece girdi olarak aldiklari veriyi pasif bir sekilde kimelendiriyor ve / veya
siniflandiriyorlardi. Simdi, aldiklari girdiye karsilik gikti da Gretiyorlar. Ornegin, sordugumuz her soruya
yanit veren, her sdyledigimize karsilik sGyleyecek bir seyi olan sohbet robotlarimiz var; ya da, girdigimiz
dogal dil ifadesinin anlamina karsilik gelen goérseller treten modellerimiz...

Bu gelismeler bilimsel ve sosyal hayati o kadar etkisi altina aldi ki buglin ‘yapay 6grenme’ ve ‘yapay
zek&’ neredeyse es anlamli terim 6bekleri gibi kullanilir hale geldiler. Elbette, dyle dedil. Russell ve
Norvig’in (2003) Artificial Intelligence: A Modern Approach adli kitaplarinin daha en baginda da ifade
ettikleri gibi, yapay 6grenme yapay zekanin alt alanlarindan bir tanesidir, yapay zekanin bitlina dedgildir.

4. Makineden Daha Biiyiik Olan insan

Bu calisma agisindan sorulmasi gereken soru su: 6grenme yetisi kazanmis ‘akilli’ makineler gergekten
insanlik i¢in su ya da bu diizeyde varolugsal bir tehdit midir? Birgok kisi dyle oldugunu disuniyor. Yapay
zekanin, bitin islerimizi elimizden alacagini digtinenler gogunlukta. Bitiin glivenlik duvarlarini yikarak
uygarhigimizin sonunu getirecegini distnenler de az degil. Hatta bir tir olarak insanlidi yok edecegini
disunenler de var. Bu kétumser beklentilerin altinda yatan varsayim ise su: yapay zek4, insan aklindan
daha buyuktir.

Biz ise tersini dislniyoruz. “insan akli yapay zekadan daha biyiiktir’ diyoruz. insandan yana bu
tavrimizda yalniz degiliz.

Makinelere zeka atfederken ¢ok comert olmasi ile bilinen Alan Turing bile su tespiti yapmistir: insan
davranisi herhangi bir bicimsel kurallar kimesi ile belilenmeyecek kadar karmasiktir. Turing
makinesinin bitinuyle bigimsel bir dizenek olarak karakterize edildigini hatirlayin. Demek oluyor ki
bilgisayarinin insanin algoritmik olarak ¢ézebilecegdi her problemi ¢dzebilecegine inanan Alan Turing,
yine de insan davranigini Uretebilecek kadar glglu bir makine tasarlamadiginin farkina varmigtir.

Unlu filozof John Searle, Turing gérusiini su sézlerle desteklemistir: bilgisayarlar bigimsel, insanlar ise
anlamsal varliklardir. Searle, Turing makinesinin asla insanin zihinsel varolusuna benzer bir varolusa
sahip olamayacagina inanmaktadir.

Asagidaki alinti, Alan Turing’in galismalarindan esinlendigini dlistindigimuz, Cahit Arf'a aittir.

Makinelerin bazi igleri insan beynine nazaran ¢ok daha ¢abuk yapabilmelerine mukabil
anlayis yani alis kapasiteleri blyuk bir salonu doldurabilecek kadar buyiik olanlarinda bile
tenevvii bakimindan insan beyninden cok diisiiktir. insan beyninin kendi kendisini kendi
inisiyatifi ile tekemmul ettirmesine mukabil makine yapildigi gibi kalmaktadir. Bununla
beraber kendi kendisini tekemmul ettiren makine tasarlamak mumkindur. Fakat
kanaatimce insan beyni ile makine arasindaki asil fark, insan beyninin estetik mahiyette
muessirleri alip onlar Uzerinde igleyebilmesi ve yine estetik mahiyette olan kararlar
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verebilmesine, verilen bir isi yapip yapmamak hususunda kendisini serbest hissetmesine
mukabil makinede bu vasiflarin benzerlerinin yok olusudur. Bu vasiflari karakterize eden
husus hepsinin de bir belirsizlik unsuru ihtiva etmesi, bunlarin sasmaz bir sekilde uyduklari
kaidelerin mevcut olmayisidir. Belirsizlik karakterini haiz olan insan digi tabiat hadiseleri
mevcuttur. Bunlar atom iginde ceryan eden olaylardir. Bu itibarla nisbeten kiiglk sayida
atom icinde ceryan eden olaylar béyle makinelerin isleyisinde muiessir hale getirilebilirse,
makinelerin estetik bakimdan da insan beynine benzetilecegi Gimit edilebilecektir. Bdyle bir
makine, mesela filan mizik pargasini giizel bulmadigini séyliyebilecektir. Fakat bu igin
uzun ylzyillar sonra bile ve belki de higbir zaman yapilamayacagini zannediyorum. (1959,
s. 103)

Bu alintida bircok dnemli iddia mevcut. Bazilarini dogru, bazilarini da yanlis bulabiliriz. Yalnizca su
ikisine dikkat ¢cekmek istiyoruz. Birincisi, insanin bir isi yaparken bilingli ve buna mukabil istengli
olabileceginin belirtiimesi; ikincisi ise, makinelerin insanin bilingli zihin haline benzer bir varolusa sahip
olmalari igin, atom alti olaylara benzer bir igleyise sahip olmalari gerektiginin éne suridlmesidir.

Evet, artik bilgisayarlarimiz insan zihniyle yapilabilen bir¢ok seyi yapabilmekteler; hatta gogunlugunu
bizden daha iyi yapabilmekteler. Yalniz, bir seyden butinuyle yoksunlar: bilingli olma hali. Flanagan’in
(1998) Biling (Consciousness) baslikh ¢calismasinda da belirttigi gibi, yapay zeka ile donanmis Deep
Blue adl bilgisayar programi en iyi satrang oyuncusunu yenebilecek kadar zeki olabilir ama bitlinuyle
bilingten yoksundur. Dolayisiyla, 1997 yilinda yenmeyi basardigi Kasparov’'un bu kargilagsma éncesinde
heyecanlandigini, karsilasma esnasinda psikolojik gerginlik yasadigini ve sonrasinda ugramis oldugu
yenilgiyle ¢ok Uzilduguni duslnebiliriz; fakat, bilingli olmayi gerektiren bu psikolojik durumlarin
hi¢birinin Deep Blue tarafindan deneyimlendigini dugiinemeyiz.

Atom alti fiziksel isleyisin makinelerce modellenmesine gelirsek; disa vuran hareketleri tek boyutlu bir
serite sikismis olan Turing makinesinin, s6z konusu belirsizlikten ¢ok uzak oldugu ortada.

4. Sonug
Bu calismadan c¢ikarilabilecek 6nemli buldugumuz sonuglar sunlardir.

Ogrenebilen ve uretken yapay zeka ile donanmis makineler, algoritmik olarak ¢dziilebilen bdtiin
problemleri biz insanlarin destedi ve kontroli olmadan ¢ézebileceklerdir. Boylelikle bir ¢cagdir igine
hapsoldugumuz mekanik ve tek boyutlu yasam tarzindan bizi kurtaracaklardir.

Makineler bilin¢ ve isten¢ sahibi olmadiklari i¢in, bu yetileri gerektiren ugraglar bize kalacaktir. Mekanik
islerden azade olacagimiz igin de; artik felsefi, sanatsal ve manevi gelisimimize daha fazla zaman
ayirabilecegiz. Kisaca, makinelere 6zgli bir hayat tarzindan ¢ikip daha insani bir varolusa sahip
olacagiz.

Elbette bitin bunlarin olabilmesi i¢in yalnizca yapay zekdya givenemeyiz. Biz insanlar da, yapay
zekanin sunabilecegi gelecege, sosyal ve zihinsel agidan hazirlikl olmaliyiz.
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OzZET

Enerji bilimi olarak tanimlanan termodinamik parametreleri, sdrdurilebilir ¢evre igin  6nemli
degiskenlerdir. Ulusal ve uluslararasi ortamlarda iklim degisikligi aciklamalari yapilirken atmosfer
sicaklik ortalamasi degerinin 1,5 °C disurilmesi siklikla tanimlanan bir hedeftir. Diger yonuyle
atmosferdeki CO2 degerinin dnce 2030 yilina kadar doksanli yillardaki degeri esas alinarak %50
azaltiimasi gereklidir. Daha sonra 2050 yilinda nétr karbondioksit salimi hedefi ile ilgili uluslararasi
protokoller imzalanmistir.

Anahtar Kelimeler: Surdurilebilirlik, Cevre, Termodinamik Parametreleri, Sicaklik, Basing
ABSTRACT

Thermodynamic parameters, defined as the science of energy, are important variables for a sustainable
environment. While making climate change statements in national and international environments,
reducing the average atmospheric temperature value by 1.5 °C is a frequently defined target. On the
other hand, the CO: value in the atmosphere must first be reduced by 50% by 2030, based on its value
in the nineties. Later, international protocols were signed regarding the target of neutral carbon dioxide
emissions in 2050.

Keywords: Sustainability, Environment, Thermodynamic Parameters, Temperature, Pressure

1 GIRIS

Termodinamigin amaci, bir cisim igindeki hiz ve kitle yogunlugu alanlarini hesaplamaktir. Yodunluk, hiz
ve sicaklik, bir islem sirasinda bir cismin tim noktalarinda ayni degdildir ve zaman icinde sabit degerde
kalmazlar. Bu nedenle yogunluk, hiz ve sicaklik degigkenleri, zamana bagh alanlar olarak
tanimlanmisgtir.

Termodinamikte, bir cismin durumu, akiskanlar mekaniginden daha dogru bir sekilde tanimlanmaktadir,
clnki hareket ve atalete ek olarak maddenin ne kadar sicak oldugu da hesaba katilmaktadir.

iki cisim arasindaki temas ylizeyinde sicaklik sabittir. Bu ézellik ile sicaklik tanimlanmistir ve tiim sicaklik
Olcimlerinin temelini olusturmaktadir. Termodinamik bilim alani uzmanlari, sicakhdin bu streklilik
ozelligini termodinamigin sifirinci yasasi olarak adlandirmaktadirlar.

Termodinamik, 18. Ylzyilin sonuna kadar enerji — is1 ve ig bilimi seklinde anilmigtir. Ayni sekilde 1si,
“kalorik” adi verilen agirliksiz bir akigkan gibi tanimlanmigtir. 18. ylzyilin mihendisleri, Isinin, yiksek
sicakliktan algak sicaklia dogru akarken enerjisini korudugunu ve yararl is Uretecek bir makine
tasarlanabilecegdini anlamiglardir. Bu makine, 1s1 makinesi olarak adlandiriimistir ve i1s1 akigindan yararl
is Uretilmigtir.

Bir ylzyll icerisinde termodinamik bilimi, bir enerji bilimi, mutlak sicaklk ve entropi olarak evrimlesmistir.
Mutlak sicakhidin mutlak sifira yaklagsmasiyla sistemlerin sinirlanmis davranisi ise termodinamigin 3.
Yasasi ile Walther Nernst tarafindan aciklanmistir. Kullanilabilirlik (ekserji), Massachusetts Teknoloji
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Enstitist’nan (MIT) tarafindan termodinamik ekoliinde ikinci yasa analizleri ve igyapisal termodinamik
ortaya konulmustur. Enerji sistemlerinin ve enerji sistemlerinin tim bilesenlerinin analizinde c¢evre
koruma esas alinabilir. Mihendislik termodinamigi ile elverigli ve verimli ¢gdzimler Uretilebilir ve bunlar
uygulanabilir.

James Prescott Joule, ingiltere’de Manchester yakinlarinda ailesi tarafindan isletilen bira isletmesinde
1818-1889 yillari arasinda yasamistir. Joule, herhangi bir resmi egitim gérmemistir ve diger batun bilim
dallarinda neredeyse hi¢ normal egitim almamistir,[1].

En 6nemli galismalarini mekanik, termal, kimyasal ve elektrik etkileri arasinda nicel (sayisal) esitlikler
olabilecegine dustinerek yapmistir. Birkag farkli yol ile bazi sayisal baglantilar Gzerine ¢alismistir.
Ornegin; elektrik etkilerin termal, kimyasal ve mekanik etkisi tizerine ve mekanik etkilerin de termal ve
elektrik etkilerine dontisimuanad arastirmigtir.

Bir telden elektrik akimi ile 1s1 Gretiminin 1840’da “I°’R-isitma yasasi”, akimin (l) karesi ve ayrica elektrik
direnci (R) ile orantili oldugunu gdéstermistir. Daha sonra buguin en iyi bilinen galismalarindan olan isinin
mekanik esitlik dlgtimleri igin Joule bu sureg ile ilgili ilk deneylerini 1843’de, 24 yasinda iken yapmistir.
En meshur deneyleri mekanik isin 1s1 esdegerini tespit icin yaptigi disen bir adirlik tarafindan galistirilan
indlkleme cihazi ¢arkidir.

Joule; Sekil 2 ile gosterilmis tesisattaki deneyler sayesinde kalorimetre olarak adlandirilan sistemde elde
edilen i1sinin su sicakligindaki artigi ile agirlik tarafindan yapilan isin orantili oldugunu géstermistir.

Sekil 1. Joule’un Paddle-Wheel Deneyi

Thomson, daha sonra is 1s1 esdederini Joule’un onuruna “J” olarak belirlemistir. Bu dnemli deneyler
sonradan kapall bir sisteme goére calisan ¢evrim icin uygulanabilen termodinamigin birinci yasasi ile
ifade edilmistir,[1].

;qu—fdw=n "

Herhangi bir kapali sistem bir ¢cevrim boyunca bir is Uretiyorsa, cevreye kargi yapilan net isin toplami
cevreden alinan net isinin toplami ile orantilidir.

Joule, 1sinin mekanik dengesini degisik deneyleri ile ikna edici bir sekilde dogrulamistir. Isinin ise ve isin
de isiya donusebilecegini kanitlamigtir. Bir 1si makinesinde isinin ise donustigunu [1]'den alinmis Sekil
3 ile gosterilmis prensibe dayali olarak ileri sirmustur.

Joule yorumunda, “isi makinesi ¢alismasi sirasinda higbir sey kaybolmaz” agiklamasini savunmustur.
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Carnot? or Joule?

Sekil.2 Carnot’'un ve Joule’un Isi Makineleri

Thomson, 1850-1851’de isinin dinamigi teorisinin ya da Joule’'un “isi ve isin kendi aralarinda
donastardlebilirligi” prensibinin, Carnot’'un teorisinin temeli oldugunu aciklamistir. Enerji toplaminin
herhangi bir eksiltme olmaksizin korunabilecegini fark etmistir. 1851’de hem Carnot’'un hem de Joule’un
prensiplerini temel alan «lsinin Dinamik Teorisi Uzerine» baslikli bir bildiri yayinlamistir. ilgilenilen
herhangi bir sistem i¢in enerjinin énemli bir 6zellik oldugu fikrini ilk defa Thomson ileri stirmustur.

“Doganin igleyisinde higbir sey kaybolamaz, higbir enerji kaybolamaz”.

Daha sonra, Helmholtz sistemin i¢ enerjisinin degisimi olarak (de) terimini kullanmistir. Thomson’un
Isinin Dinamik teorisi, Joule-Carnot teorileri ile birlikte Joule-Fourier teorilerinin anlasiimasi yéninden
¢ok 6nemli olmustur. Bunlara dayanarak Thomson, Carnot’'un ideal tersinir 1si makinesi isleyisinin kabul
edebilir olduguna inanmistir. Boylece, Carnot'un 1sI makinesi veriminin ve elde edilen is degerinin
maksimum degerler oldugu daha fazlasinin elde edilemeyecegi anlagiimistir.

Thomson, daha sonra enerji dagilim prensibi Gzerine bir makale yayinlamistir; Carnot, Joule ve
Fourier’in teorilerini uyum igerisinde bir araya getirdigi icin mutlu olmustur. Bdylece termodinamikle ilgili
iki ana kavram agiklanmistir. Ancak sonralar Clausius tarafindan acgikliga kavusturulacak entropi
ozelliginin dnemi hentiz belirtiliememistir.

W.J. Macquorn Rankine: 1820-1872 vyillari arasinda yasamistir, Glasgow Universitesi insaat
Muhendisliginde sira digi bir termodinamikgi olarak tGn kazanmistir ve Thomson'in ¢alisma arkadasi
olmustur,[2].

Bu Ug¢ bilim insani (Rankine, Clausius, Thomson), tim insanlik igin kullanilabilir olan termodinamik bilimi
prensiplerini inga etmislerdir. Termodinamik kavramlarinin en énemlileri enerji, entropi ve sicakliktir,[3].
Clausius, makalelerini 1864 yilinda “U fonksiyonu” baglikli 1s1 teorisi icerisinde buyuk bir dneme sahip
olan bir kitapta toplamistir. U(V, t) ve e(V, t) seklinde tanimladigi ifadelerle kendi durum fonksiyonunu
gelistirmistir. Thomson gelistirilen bu fonksiyonu ilk olarak mekanik enerji, daha sonra ise yapisal ener;ji
olarak adlandirmigtir. Daha sonralari, Helmholtz bunu i¢ enerji olarak adlandirmistir,[4].

Clausius, 1sinin dénusumdl/iletimi galismasina baslamistir ve bunun, “dogal” ve “dogal olmayan” olarak
iki sekilde olabilecegini fark etmistir. Bunun sonunda, sinirlari arasinda sadece isi ve is akisi olan ve
surekli ¢alisan bir 1s1 makinesinin ¢alisma prensibi daha netlegmistir. Bugiin modern termodinamik
kitaplarinda yer alan ve Plank-Kelvin yasasi olarak bilinen termodinamigin ikinci yasasi, Plank tarafindan
ifade edilmistir. Bir gevrimi tamamlayan ve tek bir kaynak ile 1s1 degisimi sirasinda kitle artigi disinda
herhangi bir etki Gretmeyen bir makine yapmanin olanaksiz oldugu agiklanmistir.

Clausius, 1854’deki makalesinde herhangi bagka bir etki olmadigi siirece is1 soguk bir ortamdan sicak
bir ortama asla kendiliginden gegemez ifadesini kullanmistir. Bu ifade ginimizde termodinamik
kitaplarinda Clausius’un 2. Yasasi olarak gegen termodinamigin ikinci yasasina oncilik etmistir: Bir
cevrime gore galisan, isinin dusuik sicakhktaki bir ortamdan yliksek sicakliktaki bir ortama iletimi disinda
bagka bir etki yaratmayacak bir makine yapmak olanaksizdir. Bu tanim, i1s1 pompalarinin ve sogutma
makinelerinin geligtiriimesinin yolunu agmigtir.
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Uzun analizlerden sonra gunimuizde “Clausius Esitsizligi” olarak bilinen, bir sistemin tersinir ve
tersinmez gevrim galismasi icin gok dnemli olan asagidaki baginti elde edilmistir.

4@
r=’ @

Bu 6zellik entropi olarak adlandiriimistir. Clausius, sistemin tamami igin S, sistemin birim kutlesi igin s
sembolini kullanarak bu 6zelligi tanimlamistir. Tersinir bir streg icin asagidaki bagintilar gegerlidir:

dg
ds = (?)rgv 3)
ve ; dq
sl (4)

Kapali adyabatik bir sistemin entropisi artar ya da limit bir degerde sabit kalir. Bu ayrica kapali adyabatik
sistemin 6zel bir durumu olan yalitilmig bir sistem igin de dogrudur. Bu durum, “entropinin artigs ilkesi”
seklinde tanimlanmistir.

dS}d—Q

(5)

Termodinamigin Uglincu yasasi; ilk olarak 1864-1941 yillar arasinda yasamis Alman kimyager ve fizikgi
Walther Nernst tarafindan formile edilmistir. Termodinamigin Gglnci yasasi, sicakligin mutlak sifira
yaklasmasi durumunda sistemin sinirlayici  davraniglariyla ilgilidir. Cogu  termodinamik
hesaplamalarinda yalnizca entropi farkhliklari kullanmaktadir. Bundan dolayi entropi &lgeginin sifir
noktasi genellikle 6nemli olmamistir, ancak termodinamigin Gglincl yasasi sifir entropi kosulunu
acikladigi icin géz dniine alinmaktadir. Termodinamigin Ugiincii Yasasi; “Kristalin sicakligi mutlak sifir
sicakhiga (0 K) esit oldugunda, ideal kristalin entropisi sifirdir” seklinde tanimlanir.

2. SICAKLIK

Cisimlerin sicakligini 6lgmede kullanilan termometreler, genel olarak maddelerin termal genlesmesine
dayanir. Termometre ve sicaklik 6lgeginin tarihsel gelisimi hakkindaki bazi agiklamalar, asagidaki
sekilde yapilabilir. Yaygin olarak kullanilan Celsius sicaklik 6lgeginin yaninda bilimsel amaglar igin
yaygin olarak mutlak veya Kelvin 6l¢egini kullaniimaktadir. Her iki dlcegin derecelendiriimesi aynidir,
bdylece buzun erime noktasi O derece ile normal basingta suyun kaynama noktasi 100 derece farkhdir.
Bu sabit fiks noktalarin sicaklik dl¢t degerleri asagdidaki gibidir.

0°Cve 100°C veya 273,15 K ve 373,15 K. (6)

Sicak ve soguk terimleri elbette eskidir, ancak bu duyumlarin nicel sekilde tespit edilmesi modern
bilimsel kavramsallastirmanin diger alanlarda da basladigi 17. ylzyihin baslarina kadar
gerceklesememistir. Sicaklik tanitiimistir ve tanimlanmistir - basglangigta bazen bir termometre olarak
da anilmistir - ancak o6lgekli galisan bir termometrenin ilk defa kimin tarafindan icat ettigi belli degildir.
Venedikli diplomat Gianfrancesco Sagredo baslangigta hava termometresinin Padov doktoru Sanctorius
Sanctorius (1561-1636) tarafindan icat edildigini saniyordu. Ancak saygideger ustasi Galileo Galileo
Galilei (1564-1642) bu icadi kendisinin yaptigini ve buluscunun kendisi oldugunu aciklamistir ve
Sagredo bu iddiayi kabul etmistir,[5].

Galli hekim Robert FLUUD (1574-1637) birka¢ oncelikli iddiay: biliyor gibi agiklamada bulunuyor ve
bunlari séyle yorumluyordu:

»--- the instrument has many counterfeit masters or patrons in this our age, who, because that they have
a little altered the shape of the modell, do vainly glory and give out, that it is a masterpiece of their own
finding out.”,[5].
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"... Cagdimizda, enstrimanin bircok sahte ustasi veya patronu var, bunlar modelin seklini biraz
degistirdikleri i¢in, bos yere évinuyorlar ve bunun kendi kesiflerinin bir basyapiti oldugunu séyliyorlar."
Fludd, bir termometre hakkinda bilgiyi en az bes yiz yillik antik bir el yazmasinda okudugunu yazmistir.

Sekil 4. Fludd'un agik hava termometresi (1626)
Alkol-Su Dolgulu Kapali Floransa Termometresi (1641)

Fludd'un "Meteorologica Cosmica" adli kitabinda resmettigi Sekil 4. sol kisminda bir hava termometresi
gOsterilmistir,[6]. Dis hava isindikga, kurenin igindeki hava genislemektedir ve su sttununu dibe dogru
itmektedir. Bu "termometrenin” dis hava dalgalanmalarina da tepki verdigi unutulmamaldir ve bu 6zelligi
ile barometre olmaktadir. Kapali tutulan termometre ile bu cift islevden kaginilabilir. En eski cihazlardan
biri Sekil 4. sagda gosterilmistir. Kiire alkol su karigimi "sarap ruhu" ile doludur. Kiireye sicak bir cisim
dokunduruldugunda, kire i¢indeki karigim, Ust ucu kapall borudaki vakuma dogru genislemektedir. Bu
termometre, Floransa termometresi olarak adlandiriimistir.

Alman fizik¢i, mihendis ve cam yapimcisi olan ve 1714’de cam gdvdeli civali termometreyi Daniel
Gabriel Fahrenheit kesfetmistir. Fahrenheit bir sicaklik dlgegdi gelistirmistir ve daha sonra bu sicaklik
6lgegine onun adi verilmistir,[5,7].

Sagredo ve Galileo'ya geri donUs ile: 7 Subat 1615'te Sagredo, 6gretmeni ve ustasi Molto lllustre Signor
Eccellentissimo'ya yazmistir ve gozlemlerini termometreleriyle anlatmistir,[4]. Mektubun ortasindaki
glizel cimle gevirisi asagidaki sekildedir:

"Bu aletlerle, kuyu suyumuzun kisin yaza gdre ¢ok daha soguk oldugunu acik¢a gorebildim;...
duyularimiz onu farkh yargilasa bile."

Sagredo ayrica derecelerden de bahsetmektedir. Onlari nasil tanimladigi bilinmemektedir. Herkesin
kendi derecelendirmesi vardi ve Sekil 4'deki Fludd termometresi veya 1700 civarinda yapilan ingiliz
John PATRICK'in termometresi gibi sicaklik yikseldikge derece sayisi kiiglliyordu ve asagidaki
tanimlari tasiyordu:

90° Extream Soguk .  55° Soguk Hava. 15° Bogucu.
85° Biiyiik Don. 45° lliman Hava. 50 Cok Sicak.
75° Sert Don . 35° Sicak hava. 0° Asiri Sicak

Daha sonra, birgok bilim adami tek tip bir dlgek icin ¢abalamistir ve kisa slire sonra iki sabit nokta
sunmanin yararl oldugu kabul edilmistir. Napoliten profesér Sebastiano BARTOLD (1635-1676) kar ve
kaynar su sicakliklarini dnermistir, ancak bu hemen kabul edilmemistir. Diger ilgin¢ dneriler sunlardir:

suyun donma noktasi ve tereyaginin erime noktasi,

bir tuz-buz karisiminin ve derin bir mahzenin sicaklgi,

Suyun donma noktasi ve insan viicudu sicakligi.
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Son 6neri Isaac NEWTON'dan (1642-1727) gelmistir; Aralidi 0'da donma ve 12'de vicut isisi ile esit
parcalara bolmustir.
Gdansk tiiccar Daniel Gabriel FAHRENHEIT (1686-1736), bilinmeyen bir nedenden 6tiirii, tic sabit
noktanin ikiden daha iyi olduguna inaniyordu. Onlari asagidaki sekilde agiklamistir:

buz, su ve "deniz tuzu" karisiminin sicakligi,

deniz tuzu olmadan bdyle bir karisimin sicakhgi ve

"saglikl yasayan bir adamin" koltuk altindaki sicaklik.
Bu sicakliklar; O derece, 32 derece ve 96 derece olarak tanimlanmigtir. 96 sayisi, Fahrenheit'in her
Newton derecesini sekiz kez daha bdlmesi diginda, Newton'un 12 bdlumunl yansitmaktadir. Daha
sonra Fahrenheit, suyun kaynama noktasinin 212 derecede, donma noktasinin tam olarak 180 derece
Uzerinde olmasi icin bu 6lgegi degistirmistir. Boylece vicut sicakligi 98.6° Fahrenheit dederine gelmistir.
Bu odlgek bugiin hala Amerika Birlesik Devletleri'nde kullaniimaktadir.
Bu gun kullanilan élgek, donma noktasini 0 dereceye ve kaynama noktasini 100 dereceye ayarlayan
isvegli astronom Aulus Cornelius CELSIUS'a (1701-1744) kadar uzanmaktadir; bu yiizden Celsius da
"geriye dogru" saymistir.

Uppsala Gézlemevi'nin midiirii olarak halefi Marten STROMER'e (1707-1770) kadar sayim yoni
tersine gevrilmemistir. Bunun dayanagi, gézlemevinin ginlik hava gdzlemlerini yayinlamis olmasidir.
Bu gun, diinyada asina olunan "Santigrat" 6lgeginin baslangi¢ tarihini Celsius'un élimuinden alti yil
sonrasi olan 13 Nisan 1750 tarihi isaret etmektedir.

Saglanan bilgilerden, Celsius ve Fahrenheit lgeklerinde C ve F élclleri arasindaki dénusum, asagidaki
esitlik Gzerinden belirlenmektedir.

C =5/9 (F-32) (7)

3. BASING ve BAROMETRIK BASINCIN TARIHGESI, BASING BIiRIMLERI

Evangelista TORRICELLI (1608-1647) Galileo'nun igbirlikgisiydi ve Torricelli'yi bir su kaldirma
pompasinin ¢alismasini arastirmak igin gorevlendirdi. Sekil * bdyle bir pompanin prensip taslagini
gOstermektedir. Piston kaldirildiginda, pistonun altindaki su da onunla birlikte kaldirilir. Bu, o zamanlar
doganin "korku boslugu" ile agiklandi; ¢lnkl su takip etmeseydi, sisenin altinda bir vakum olacagi
aciktir.

Bununla birlikte, bir su situnu bu sekilde yaklasik 10 m'den fazla kaldirilamaz ve daha fazla kaldirma
ile aslinda pistonun altinda bir vakum olusturulur. Toricelli bu gbézlemlerini sdyle acikhiyor: Havanin bir
agirhgi oldugunu ve bu agirligin pompanin disindaki suyun ylizeyinde agirlastigini séyllyor. Piston
kaldirnldidinda, su havanin agirhdi ile silindire zorlanir ve su basinci hava basincina esit olana kadar
yukselir.

5. SONUG VE DEGERLENDIRME

Tim muhendislik uygulamalari madde ile enerji arasinda bir etkilesim icermektedir. Dolayisiyla
termodinamidi ilgilendirmeyen bir ¢alisma alani distinmek olanaksizdir.

Bu sebeple termodinamik ilkelerinin iyi sekilde 6gretiimesi ve uygulayicilarin tasarimlarini bu ilkelere
gOre yapmasi surdurdlebilir cevre ile buradaki yasam icin ¢cok énemlidir.

Uygulama drneklerinden bazilari; elektrikli veya gazl firin, didukli tencere, su isiticisi, td, bilgisayar,
televizyon veya video seti seklinde adlandirilabilir. Bunlarin yaninda, otomobil motorlari, termik ve
nikleer gug santralleri ile ginimuzde surdirdlebilir cevre kapsaminda riizgar, gines ve jeotermal
kaynaklara bagl kurulan yenilenebilir enerji santralleri sayilabilir.
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ABSTRACT

The report examines the classification of phase-coupled materials, the technological processes for the
production of phase-coupled materials, optical fibers from them and their application in various fields
with an emphasis on ecology.

Keywords: Phase Coupled Material, optical fibers, ecology

OzZET

Bildiri, faz baglantili malzemelerin siniflandiriimasini, faz baglantili malzemelerin Gretimi icin teknolojik
surecleri, bunlardan optik fiberleri ve bunlarin gesitli alanlardaki uygulamalarini ekolojiye vurgu yaparak
incelemektedir.

Anahtar Kelimeler: Faz Baglantil Malzeme, optik fiberler, ekoloji

1 SINIFLANDIRMA VE FiZIKSEL OZELLIKLER

Baglayici malzemeler ikiye ayrilir:
* Tek tek katmanlari baglamak icin (bimetalik ciftler, yaylar);

 Farkli malzemelerin parcaciklari arasindaki baglanti icin (toz metalurjisi, elementlerden ve bilesiklerden
elektrik kontaklari Ag / CdO, Ag / SnO2, Ag / ZnO, sinterlenmis miknatislar, manyetosensitif diz
elemanlar, nozullar, sel dagiticilari ve yapay sekillendiriimis yapida metalik ve metalik olmayan
bilesenlerin baglantisi - cogaltma ve baski ekipmani ve kontrol 1zgaralari i¢in tonerler - Sekil 1, [1];

» Munferit pargalarin baglanmasi igin (yliksek erime noktasina sahip sinterlenmis malzemelerin elektrik
kontaklarinda diislik erime noktasina sahip metallerle sizmasi, 6rnegin Wo-Cu, WoC-Ag, WoC-Cu, Wo-
Ag kombinasyonlarindan);

» Faz bag: igin, bunlar da alt boélumlere ayrilir: metalik bilesikler (Fe, Ni, Wo, ¢elik), metalik olmayan
inorganik (Br, SiC, Al203, cam) ve organik bilesikler (yapay karbon bazli malzemeler, seliloz), karisik
yaplya sahip malzemeler (metaller, seramikler ve grafit ve epoksi gibi organik maddeler) ve hibrit
kompozitler (nanotiplerle veya SiC kumas ve katmanl silikatlarla glglendirilmis organik ve karbon
fiberler) (Sekil 2), [2].

Faz bagli malzemelerin dzellikleri, spesifik kombinasyonun 6zelliklerine ve yapilarina baglidir. Birincisi,
tek tek bilesenlerin ve pargcanin (Urinun) o6zellikleri 6zetlenir. Tablo 1, en 6nemli malzemelerin
parametrelerini gostermektedir.

Dunyayr ve ulkemizi etkileyen kuresel iklim degisikligi Enerji verimliligi mevzuatinda yapilan son
degisiklik ile belirli buyukllkteki yeni binalarda yenilenebilir enerji kullanimi zorunlu hale getirilmistir.
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c)

Sekil 1. Zirkonya nozulu, alimina sivi dagiticisi ve
Yiksek En Boy Oranli Zirkonya-Alimina Mikro Yapilari

b) c)

Sekil 2. Celik ve bronzdan (sol Ustte), fenolik regineden (solda) sinterlenmis detaylar,
ROM'dan planet disli ve metal kompozit NiFe'den mikroharmonik digli ve
MoSi2 tozu, [3]
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Tablo 1. Faz bagli malzemelerin parametreleri,[3].

lMaIzeme Yogdunluk, Cekme mukavemeti  |Elastiklik moduld,
g/cm? (egilme), N/mm? N/mm?2

Paspas seklinde tuval 1,45 160 12500

Ug boyutlu bir yapiya sahip tuval 1,72 268 22000

Cok katmanl yapiya sahip tuval 1,93 526 33000

Cam fazer (S-cam) 2,50 3100 38000

Aramid elyafi 1,0-1,4 3600 130000

Standart karbir 1,80 3500 220000

Ozel karbiir 1,80 5600 300000 - 500000

Bor ve silisyum karblr 2,00 - 3,00 3500 400000

Borosilikat cam 2,31 - 64000

Ozellikle borosilikat cam 2,28 - 64000

Elektrikli cam 2,25 - 63000

Seramikler (Al2O3). 3,99 500 380000

Kevlar. - 3,6-3,8 GPa 0,06-0,18 TPa

Faz ile ilgili malzemelerin karistirlmasi kurali, yeni kompozit malzemede elde edilmesi gereken gerekli
elastisite Ec modiline dayanmaktadir. Malzemenin ve kafesin saf elastik deformasyonu ile Ec moddlu
asagidaki formdille belirlenir:

VcEc = EFVE + EmV, 1)

burada Vc, faz bagli kompozitin hacim igerigidir, %; EF - birinci, baglanti bileseninin elastisite modul(,
N/mm?; Vk - ilk bilesenin hacim igeridi,%. Em - saniyenin elastisite modiili, temel bilesen, N/'mm?; Vu -
ikinci bilesenin birim icerigi, %.

1.1 Ornek:

Eag = 75000 N/mm?2, Esteel = 180000 N/mm?2, Ec = 130000 N/mm? geligin %36 hacim igeriginde.
Izgaranin plastik deformasyonu ve eklemin elastik deformasyonu ile, faza bagdll malzeme Ecs 'nin
elastisite modulu agagidaki formulle hesaplanir:

Ece=Er.VF+dowdEm. Vm. (2)

Yeni kompozit her zaman belirli bir hacimde baglayici (fazer) igermelidir. Bu degerin altinda, detay
kazanci fazer 6zelliklerine degil, yalnizca nicel parametrelere baghdir. Gerekli fazer Vmin 'in minimum
hacmi hesaplanir:

Vmin = (oBm - om)/( oBF - GBM - OM). 3)

Tek tek bilesenlerin seklini, boyutunu ve konumunu belirleyen ézellikler, yapinin ézellikleri olarak kabul
edilir, 6rnegin, InSb-NiSb 6tektik karisimindan yapilan manyeto-duyarli elemanlar - manyetodirengler
ve Holl elemanlari - igin manyetodireng etkisi ve Holl etkisi.

Sekil 3. Hibrit kompozitler — BNT ile guglendiriimis organik ve karbon fiberler ve SiC kumas ile
kombinasyon. Polimer matrisli nanokompozit siteler, bir polimer malzemeden olusan bir matris ve matris
icinde dagilmis ve nano 6élcekli boyutlara sahip ikinci bir fazdan (genellikle agirlikga %birkag tane) olusur.
Faz bagl kumaslarda tek katmanli mat, dokme ve ¢ok katmanli yapi seklinde farkh 6érgu tirlerine
ornekler Sekil 4'te verilmigtir.
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Sekil 3. Hibrit kompozitler Sekil 4. Faz baglh malzemelerde o6rgllerin yerlestiriimesi

Elektriksel 6zellikleri belirlemek icin, yeni kompozitin 6zgul direnci enine ve boyuna yénde hesaplanir
pe.g. V€ pover., SIrasiyla, seri ve paralel baglantida, formillere gore:

Peg. = p1V1 + p2V2, (4)
1/pover. = VEl p1 + Vw/ pm. (5)
2. Faz bagh malzemelerin liretimi i¢in teknolojik siirecler

Faz bagli malzemelerin Uretimi i¢in teknolojik surecgler temel olarak [4, 5, 6, 7] olarak ikiye ayrilr:

» dogrudan (mevcut yart mamul Grtnler igin);

* Dolayli (malzemelerin tek bir proseste uretilmesi igin).

Dogrudan siregler sirayla alt bélimlere ayrilir:

« faz bagh kompozitlerle giglendirilmis aglarin tretim yéntemi;

* Faz bagli malzemelerden 1sik iletkenleri Gretme ydntemi.

Takviyeli aglarin imalat yontemi sekil 5'te gdsteriimektedir. Sagda, silisyum karblr Gzerinde plazma
enjeksiyonlu kaliplamanin bir resmi bulunmaktadir [8].

2
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Sekil 5. Plazma enjeksiyon kaliplama ile giglendirilmis tuval Gretimi
Aciklama: 1 faz, 2 folyo, 3 toz, 4 plazma torg, 5 plazma isini, 6 piskirtme katmani
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cekme presleri patlayici
Sekil 6. Faz bagl malzemelerden isik iletkenlerinin Uretimi i¢in islemler
Aciklama: 1-i1sin fazer, 2-eriyik, 3-su, 4-halka sentetik malzeme, 5-folyo-fazer, 6-tiip, 7-tip sentetik
malzeme, 8-kapsul finye, 9-halka, 10-malzeme, 11-kafa, 12-¢cekirdek, 13-ref

Faz bagli malzemelerden 1sik kilavuzlari Gretmenin ikinci dogrudan yéntemi sirayla gerceklestirilir:
Isini enduktif olarak eritilmis bir yapidan dikey olarak sizdiktan sonra, diizgiin bir yapiya sahip bir
malzemeden surekli bir 11k kilavuzu elde etmek icin presleme islemi uygulanir. Faz bagli
malzemelerle gugclendirilmis i¢i bos pargalar, patlayici kaynakla birlestirilebilir. Sekil 7, 151k kilavuzu
uretim ydnteminin iglemlerini gdstermektedir ve sagda optik 1sik kilavuzlari ve fiber optik i1sik kablolari
ornekleri bulunmaktadir [9].

ortak bir manto ile filamentlerin deformasyonu
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Sekil 7. Faz bagli bir malzeme demetinin geri gekilmesi ve katilagsmasi
Aciklama: 1-eriyik, 2-pota, 3-1sitma, 4-akis, katida 5-faz mesafesi d, 6-izolasyon, 7-sogutma
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Dolayli yontem, ortak bir kilifa (demetler) sariimis ipliklerin seklini degistirmek igin tasarlanmistir.
Demetin kendisinin tretimi, 6tektik karisimin hedeflenen sertlestiriimesiyle yapilir. Katilasma ve
nozullardan gekme mekanizmasi Sekil 7'de verilmistir.

3. Kisa fiberli faz baglh malzemelerden optik fiberlerin iiretimi i¢in teknolojik siiregler

Bunlari elde etmek icin teknolojik slireg islemlerden olusur (Sekil 8):
* gaz ortaminda ayirma;
» metal halojenurlerin azaltilmasi;
« elektrolitik biriktirme.

Sekil 8. Gaz fazinda kimyasal ¢gokelme

Aciklama: 1-destek tipu, 2-1sitici, 3-klorlu kuvars, 4-germanyum, 5-emis, 6-¢okeltiimis yatak

Bir metal halojentrin indirgenmesi (ikamesi) 6érnegi: kimyasal baglanmadan sonra, halojenir 400° ile
900° C arasindaki bir sicakhkta buharlastirilir ve oksijenli bir gaz ortaminda indirgenir. Elde edilen metal,
reaktor odasinin duvarinda yogunlasir, ¢coker ve toplanabilir. Cift optik kilfli ve yaklasik 1.3 pum 'lik bir
dagilima sahip W-tipi optik fiberler elde edilir [10, 11].

3. 1. ince optik fiberlerin iiretimi

Isik kilavuzlar ve dalga kilavuzlari i¢in ince, surekli fiberlerin Gretimi icin teknolojik sire¢ su islemleri
icerir:

* kati halde plastik deformasyon;

*kimyasal tepkime;

+ Sivi halde deformasyon.

Kati haldeki deformasyon, genellikle 6zel literatirde "Brunswick" yontemi olarak adlandirilan
nozullar araciligiyla geleneksel ¢ekme yontemiyle gerceklestirilir [12]. Cekilen elyafin elde edilen
minimum ¢api, hedef malzemenin Ustin 6zellikleri ve gekme gegisleri ile belirlenir ve 5 um'ye ulasir.
Kararmayi gidermek igin, lif bir sivinin i¢cinden yuvarlanir. Sekil 9, kati halde plastik deformasyon
prensibini géstermektedir.

Faz bagli bor bazli bir kompozitten surekli liflerin Gretiminde kimyasal reaksiyon igin bir 6n kosul,
tungsten liflerinin desteklenmesi ve bunlarin elektriksel direng tarzinda 1100 °C'lik bir sicakliga
isitiimasidir. Reaksiyon, bir hidrojen ortaminda borun termal olarak ikame edilmesidir ve genellikle
asagidaki formule gore kimyasal reaksiyon (CVD ydntemi) olarak adlandirilir:

2BCls+3Hz2=2B + 6 HC (6)
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Sekil 9. Nozullardan sirekli fiber gekme (solda)
Aciklama: 1-kaynak kombinasyonu,
2-deformasyon

Sekil 10. Borom bazli bir kompozitten elyaf Gretmek igin

Bog| ] kimyasal reaksiyon
"2 ‘ Bcty 3 Agiklama: 1-Besleme Makarasi 2-Tungsten Filament
3-Tepki Bolgesi 4-Filament Sarma Makarasi

Biriktirme hizi 2-3 um/s 'dir ve elde edilen katmanin kalinhdi yaklasik 40 um 'dir. Sekil 10, islemin
sematik bir diyagramini géstermektedir. Sivi haldeki deformasyon, bir nozuldan eriyik akigi yontemi ve
Taylor ydntemi ile gerceklestirilebilir [13, 14, 15, 16]. Malzeme indUksiyonla eritilir.

Sekil 11, sivi halde deformasyon yoluyla bir lifin hazirlanmasini géstermektedir. Sag tarafta, gubuk tip
yontemi (A) ve ¢ift pota yontemi (B) ile cam g¢ekirdek ve cam kiliftan bir 1sik kilavuzunun Gretimi igin
temel diyagramlar belirtilmistir. Aradaki fark, yéntem (B)'de her iki cam tipinin de es merkezli bir gift
nozuldan ayni anda ¢ekilmeden énce ayri potalarda eritiimesidir [9,11].

Sekil 11. indiiksiyonla sivi halde deformasyon ve Taylor yéntemi

Aciklama: 1-cam kilif, 2-eriyik, 3-nozul, 4-fiber, 5-sodutma diski, 6-¢ikis ¢ubugu, 7-indiksiyonlu 1sitma
bobini, 8-mikrofiber, a-cam tup, b-cam ¢ubuk, c-firin, d-eriyik ¢ekirdek, e-i¢ pota, f-eriyik kabuk, g-dis
pota
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4. Ek.

Faz bagh kompozitler, slper iletken parcalarda (bakirda NbTi, NbZr, Nb3Sn, tasiyici yapilarda)
malzeme olarak ve ugak-roket yapiminda, hafif ve koruyucu yapilarda, spor ekipmanlarinda takviye
malzemeleri olarak uygulanir. Faz bagli malzemelerden kontaklarin dretimi, malzemedeki nikel
ylzdesine bagl olarak preslerde veya cekicglerde plastik deformasyon ile gergeklestirilir (Ag-Ni 20,
Nimonic 80A, vb.). Sekil 12, her iki varyantta da (preslerde - solda) is siralarini ve malzemenin
deformasyonunu gostermektedir.

Ozellikle, 1900 yilinda Avusturyali L. Hacek tarafindan kesfedilen asbestli cimento kompoziti (eternit),
eternit borularin Uretiminde o6zellikle siddetli bir sekilde uygulandi, ancak kanserojenligi nedeniyle
durduruldu ve yerini Poliakrilonitril, beton (beton) ve digerleri ile karistirmak igin Fibrix temelinde Uretilen
Dolanit (Hoechst AG Almanya sirketi) ve Kuralon (Kuraray Japonya sirketi) gibi malzemelerle degistirdi.
Bununla birlikte, asbestin tamamen degistirimesi imkansiz kalmaktadir. KURALON™  birgok
endustriyel uygulamada kullanilan polivinil alkolden (PVOH) yapilmis sentetik bir elyaftir [18].
DOLANIT® - Poliakrilonitril Kopolimer %6 metil akrilat icerir ve uygun ¢ozlcileri DMF, DMAc,
DMSO'dur, iyi asit ve alkali direncinin yani sira 125°C'ye kadar mikemmel hidroliz direnci saglar ve
uygulamasi borular, fayanslar ve digerleri igindir [19].

Sekil 12. Kuralon, Fibrix ve Dolanit .

Faz bagl kompozitler, otomotiv endistrisinde debriyaj ve fren balatalarinin tretiminde, ayrica saksilar
ve cesitli kaplar igin evlerde de kullaniimaktadir. Sagdaki Sekil 13'te, tirbin kanatlari, arabalardaki tahrik
detaylari ve kapatma mekanizmalari gibi asinmaya dayanikli mikro yapilara 6rnekler verilmistir. Kevlar-
29 ve Rayon kompozitleri gok poptlerdir ve bu da istenen uzunlukta kumas Uretmeyi mimkin kilar.
Rayon, ahsap ve ilgili tarim Grtnleri gibi dogdal rejenere seliloz kaynaklarindan dretilen yari sentetik bir
elyaftir (viskon) [20].

Su anda, "fizyolojik" 6zelliklere sahip faz bagh kompozitler, tipta ve biyoteknolojide, ¢esitli amaglar igin
kombine optoelektronik mikro sistemlerde, yapay zeka igin sinir aglarinda vb. Uygulanmaktadir.

33



4. RUMELI SURDURULEBILIR CEVRE iCIN ENERJi VE TASARIM SEMPOZYUMU

4rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
8-9 Subat 2024 / February 8-9, 2024

Halig, ISTANBUL

Sekil 13. Faz bagli malzemelerden mikrotemas ve aginmaya dayanikli yapilar i¢in teknolojik streg

Faz bagl kompozit malzemelerin yliksek ¢cekme mukavemeti, disiik yogunluktan dolayi hafiflik, boyuna
yonde termal genlesme olmamasi, 350°C'ye kadar oksitleyici ortamlarda isi direnci, oksitleyici ortamlar
hari¢c asitlere, alkalilere ve solventlere kargl korozyon direnci ve bilinen radyasyonda ylksek dozlara
karsi radyasyona karsi diren¢ gibi 6zellikleri, vb. onlari ekolojide uygulamaya uygun hale getirir,
ornekleri Sekil 14'te gosterilmistir- igme suyu borulari, gelgitler, saftlar, hidroelektrik santralleri, filtreler,
paketleme icin nanoseliiloz ve yenilenebilir enerji kaynaklari. Gelecek vaat eden bir baska nanoteknoloji
uygulamasi, ilag ambalajinin pargalarini yapan malzeme olan Durethan'dir.

Sekil 14. Faz ile ilgili malzemelerin ekolojide uygulanmasi [17]
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OzZET

inovasyon, yeni bilginin Gretilmesi, var olan bilginin farkli sekillerde bir araya getirimesi ya da bilginin
ekonomik olarak kar getirici Griin ve sureglere dénustirilmesi anlaminda kullaniimaktadir. Turkiye’de
teknolojik inovasyon igin de bilim ve teknoloji gelistirmek igin buylk bir potansiyel bulunmaktadir. Ne
varki bu potansiyel inovasyon igin yeterince kullanigh hale getirlememektedir. Bu c¢alismada,
Tarkiye’nin inovasyondaki temel yanilgilari ve ¢6zim yollari giindeme taginmaktadir. Bu gergevede,
inovasyon anlayisini giglendirmek i¢in bilginin  kullaniimasi ve Uretiimesine dayali egitim
tartisiimaktadir; Glkemizde Universite - sanayi igbirligini zorunlu kilacak; bilim ve arastirma hedeflerinin
hayata gegciriimesi konusu ele alinmaktadir. Bulus temelli ekonomiye gegilmesi ve yerli Gretimi korumak
igin ihtiyag duyulan tedbirler ve sistemler giindeme getirimektedir. israfsiz ve cevreci Uretim,
yenilenebilirlik, sade ve dogal hayat, insan mutlulugu ve konfor gibi cagimizda 6ne ¢ikan inovasyon
hedefleri yerine nigin rant ve tlketim ekonomisi adirhk basmaktadir sorusuna cevap aranmistir. Bu
soruya cevap olarak, mesleki hayatin ahlaki, kultirel ve felsefi temellere oturmasi igin gerekli egitim yapi
ve anlayisi giindeme getirilmistir.

Anahtar Kelimeler: inovasyon, yenilik, bulus, ekonomi, egitim, teknoloji transferi, Universite-sanayi
isbirligi

1. GIRIiS

Bilim - teknoloji diinyasinin gézde sdzciiklerinden birisi inovasyondur. ingilizcede "innovation" olarak
kullanilan inovasyon kavraminin Turkce sozlukte karsiiginin yenilik, yenilesim (TDK) olarak
verilmektedir.

Ancak ne var ki bu kelimelerin yaptidi cagrisimlar inovasyonu, ne kavramsal boyutuyla ne de icerik
itibariyle karsilamiyor. Gunkl inovasyon; 'yenilik'ten Ote; yeniligin  hayata yansimasini ifade eder.
Osmanlicada hem bir siireci hem de bir sonucu ifade eden yenilik ve icad anlamina gelen “ihtira”
kelimesinin inovasyon degil patent icin daha uygun bir karsilik oldugunu séyleyebiliriz.

Tlrkgede bazi metinlerde rastladigimiz “yenilesim” kavramiyla  sadece bir yonlyle ortismektedir.
inovasyon birgok faaliyetten olustugu icin yonetilmesi ihtiyaci vardir. Bundan  dolayi “inovasyon
Yénetimi” kavrami anlamli durmaktadir. inovasyon siire¢ olmasi yéniyle Ar-Ge ye benzerse de
yontem yona ile ayrisir. Ar-Ge’de sistematik ve yontemi 6nceden tanimli ve bellidir. Genelde bilimsel
mesruiyeti olan araglarin kullanimi zounludur. Ancak zorunluyken inovasyon surecinde bdéyle bir
zorunluluk oldugunu séyleyemeyiz.

inovasyon odakli faaliyetlerin arttiginin gdstergeleri vardir. inovasyon sirekli kiinmigsa  rekabet
guclerinde artma olur ve bu  ekonomi ve teknolojide daha gti¢li hale geldidinizi ifade eder. Endustriyel
issizlik orani azalir; kisi basina disen milli gelir artar ve buna paralel olarak toplumun refah seviyesinde
yukselme olur.. Nitekim guinimuzde gerek firmalarin gerek ulkelerin yogun rekabet ortaminda ayakta
kalabilmelerinin 6nemli bir sarti, inovasyon kabiliyetlerinin gelistiriimesine baglanir. Mikro diizeyde
firmalar, makro diizeyde ise Ulkeler inovasyon kabiliyetlerini gelistiriyorlarsa rekabet glgleri artacaktir.
Sonug olarak firmalarin inovasyon konusundaki performanslari, Ulkelerin inovasyon performanslarini
dogrudan etkilemektedir [1].

inovasyon, yeni bir bilginin tretilmesi, var olan bilginin farkli sekillerde bir araya getiriimesi ya da bilginin
ekonomik olarak kar getirici Urtin ve sureclere donustirilmesi ile yakindan iligkilidir. Bir tGlkenin ulusal
ve bdlgesel inovasyon sistemleri vardir. Bu sistemler rekabet glcinu artirarak bolgesel ve ulusal
kalkinmaya ¢ok dnemli katkilar yapar. Bu surecte en basta rol alan Universite-sanayi isbirlikleridir. Ar-
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Ge kurumlar ve enstitller bu igbirliginde énemli rol oynarlar. Keza teknokentler ve teknoparklar,
inovasyon aktarma merkezleri ve kalkinma ajanslari da bu stirecte ileri derecede role sahiptir.

ileri derecede inovasyon yetenegi ve etkin bir ulusal inovasyon sistemini olusturan Ulkeler kolayca
surdurdlebilir bir iktisadi kalkinma siirecine girerler. Ulkenin temel rekabet glicii artar. Bu noktada; Ar-
Ge faaliyetlerine yatinmlara devam etmesi ve insan kaynaklarinin varligi énem arz eder. Bunlar da
yetmez. Girisimciligi destekleme noktasinda finansmana erisime kolaylik saglanmali ve risk sermayeniz
yeterli olmalidir. Keza, fikri milkiyet haklari korunmali, teknolojik faaliyetlerin ve endistriyel
kiimelesmelerin 6nl agik olmahdir [2].

Kalici bir teknoloji performansi kazanilmasinda, ithal teknoloji, hi¢ bir bigimde, Ulkenin kendisinin,
saglam bilim temeli ile Uretilen belirli bir inovasyon kapasitesinin yerini tutamamaktadir. Toplumun
inovasyon kapasitesi yaparak/uygulayarak ve arastirarak grenme yoluyla, know-how’un benimsenmesi
ile gelisir. Buna goére Ulkemizde teste dayali bilgi ylUklemeyi ve sinavi 6ne c¢ikaran egitim yapisi,
inovasyon anlayisinin toplamda yerlesmesine engel teskil etmektedir. Clnkl inovasyon anlayisini
toplumda kesfe dayali ve bulus temelli egitim ortamlarlari ile inkisaf ettirebiliriz. Bilinenin tekrarlandigi
egitim ortamlarinda yenilikgi ve bulusgu, girisimci genclerin ¢ikmasi mimkin degildir. Bu sebeple bu
kavramin tlkemiz egitim mufredat ve konulari icinde yerini almasi ve iyi anlasilmasinin hayati dnemi
oldugu kanaatindayiz. Gerek bu 6nemin yeterince takdir edilmemesi ve gerekse de inovasyon
kavramindaki belirsizlik ve karmasa bizi bu makalenin hazirlanmasina sevk etmistir. Bu g¢alismada
‘nigin yeterince yenilikgi ve Uretken olamadik?’ sorusuna cevap aranmakta; bu amagla inovasyon
konusunda ulkemizde var olan yanilgilar ve yanlis kanaatler irdelenmektedir.

“Turkiye’de inovasyon Olgiimiine Yénelik Bir Degerlendirme” baslikli bir calismada (Atik ve Elverdi,
2020) Turkiye literatirtiinde yer alan inovasyon élgimleri kavramsal olarak ele alinmaktadir. Tirkiye'de
geligtirilen inovasyon o6lgtimlerine iligkin bu derleme galismasinda Ulkemizde inovasyon dlgtimlerinin
2000’li yillarda bagladigina dikkat cekilmekte, istanbul Sanayi Odasi (iISO), Tirkiye ihracatgilar Meclisi
(TiM), Turkiye istatistik Kurumu (TUIK) ve Tirkiye Bilimsel ve Teknolojik Aragtirma Kurumu (TUBITAK)
olmak Uzere doért nemli kurumun faaliyetlerinden bahsedilmektedir [3].

2. INOVASYON NEDIR NE DEGILDIR?

Eski Yazarlar birligi bagkani Mehmet Dogan baslikl yazisina su sekilde giris yapiyor: “inovasyon” ne
zaman sik kullanilan kelimeler arasina girdi? Yenilige merakliyiz ya, hemen kaptik! Bu adla toplantilar,
fuarlar yapiliyor. Bagbakanimiz da bu fuarlardan birinin kapanisinda bulunmus. “inovasyon degil,
‘uygulamali bulus’ diyelim” demis.”

Mehmet Dogan yazisinda konuyla alakali terimlerin IUgatlerdeki anlamlarini ve gegen zaman iginde
ugradidi anlam degisikliklerini verdikten sonra yazisini soyle bitiriyor:

“Turkiye’de bu iglerle ugrasan bir kurum var: Patent Enstitiisi. Patent Enstitlisi’niin ceddi olan kurulusun
temeli 1870’lerde, Sultan Aziz devrinde atiimis. Kurumun Site’sini soyle bir dolasirken, zihnimizde
kurumun gérevleri arasinda sayilan “buluglarin kullanimini takip etmek” cimlesi dikkatimizi ¢ekiyor. Bu
sitede ne ihtira, ne icat, ne ibda ve ne de kesif kelimesine rastlayamiyoruz. “Bulus” disinda, bir de “sinai
mulkiyet” kavrami dikkatimizi ¢cekiyor. Turkiye’de sinai mulkiyet haklari bu kurumdan soruluyor. Elimizde
Uc kavram kaldi gibi: Bulus, patent ve sinai haklar. Patent, imtiyaz, ihtira berati demekmis. Sinaf haklar
ise patent haklari...

Tirkiye gibi icad fukarasi bir lilkede bu kadar ¢ok kelimeye neden ihtiyag olsun? icat desen “ibda’nin
hatir kalir! ibda desen, “hangi ibda” diyen cikabilir. Bulus desen, kesif ne olacak? En iyisi gavurcasini
soyleyelim olsun bitsin!"[4]

intra Osmanlicada hem bir siireci hem de bir sonucu ifade ettigi halde inovasyon anlaminda
kullanamayiz. Yeni makine/cihaz Uretimi veya yeni metot ve tasarim anlaminda bir yeniliktir ve patente
karsilik geldigini sdyleyebiliriz. “Osmanli Devletinde Patent Uygulamasi: Ihtira Berati Kanunu” isimli
yiksek lisans tez galismasinda ihtira Berati Kanunu’nun tarihsel gelisimi ele alinmaktadir [5].

Deger Ureten yeni bir ¢iktiyla sonuglanan sure¢ olduguna gore inovasyon igin dort temel 6zellik s6z
konusudur. inovasyonda “siire¢” séz konusudur. Bu siirecin sonunda ortaya bir Griin gikacaktir. Yani
“cikti’dan s6z ediyoruz. Bu “deder Ureten” bir cikti olacak ve “yeni” olmak zorundadir. Burada
karistirilan bir hususun altini gizelim. inovasyonu her zaman igin daha énce hig olmayan bir seyin ortaya
cikisi olarak degerlendirmemek gerekir. Farkli alanlarda daha dnce eslesmemis iki seyin bir araya
getiriimesiyle de pek ala kendini gosterebilir ve genellikle de dyledir.
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“Deger Uretmeye baslamis” bir ¢ikti olmasi konusu daha iyi anlasilsin diye biraz daha konunun igine
girelim. Bu deger sadece “nakdi bir deger” degildir. Sosyal ya da stratejik bir deger de olabilir. ister
fiziksel, ister hizmet niteliginde olsun énemli olan bu degerin girisilen gabaya deger olmasidir.
Degerden kastimiz hedef kitlesi tarafindan kabullenilmis ve yayginlasmaya baslamis olmasidir. Yeni
bir suregse uygulandigi alanda kullanilacaktir. Mesela maliyet dlslisU veya surecin niteliginde artis
saglamis olmasi inovasyon konusu igindedir.

icat ve bulusta Griiniin (¢ikti) ekonomik bir degere kavusup kavusmadigi hususu ¢ok énemli degildir.
Onemli olan vyeniligin varligidir. Hatta bu vyeniligin fiziksel olmasi sarti da aranmaz. Patent
basvurularinda fiziksel olarak gergeklesme sarti aranmamaktadir. Oysa inovasyon amaglandigi
kullanim sahasinda kabul gérmus olmalidir. Dolayisiyla inovasyonda basarisizlik s6z konusu degildir.
Ancak icatlar basarisiz olabilir [6].

Yukarida da ifade ettigimiz gibi inovasyon, kavram olarak, hem bir streci (yenilemeyi/yenilenmeyi) hem
de bir sonucu (yeniligi) anlatir. AB ve OECD literatiirii inovasyonun daha ¢ok slire¢ ydoniine vurgu yapar
ve genellikle su tanim kullanilir: “Bir fikri pazarlanabilir bir Grlin ya da hizmete, yeni ya da gelistiriimis
bir imalat ya da dagitim yéntemine ya da yeni bir toplumsal hizmet yontemine dénistlirme” sirecidir.
Bu dénustlirme slreci sonunda “pazarlanabilir, yeni ya da gelistirilmis trln, yéntem ya da hizmet”
cikmalidir. inovasyon bu ydniiyle icat ile yakin anlam tasir. Ancak bu siiregte her zaman yeni bir kesfi
ortaya koymaz. Kesfedilene yenilik katilmasi, farkli alanlarda da yeni yollar agiimasi da inovasyon icinde
degerlendirilir [7].

inovasyon, “isletme i¢i uygulamalarda, isyeri organizasyonunda veya dis iligkilerde yeni veya énemli
oOlcude iyilestirilmis bir Grintin (mal veya hizmet) veya slirecin, yeni bir pazarlama yénteminin ya da yeni
bir organizasyonel yontemin gergeklestiriimesi” olarak tanimlanmaktadir. Bir inovasyon igin temel
gereklilik, Grinln, surecin, pazarlama ydnteminin veya organizasyon ydnteminin isletme igin yeni
olmasidir. Joseph Schumpeter ekonomik kalkinmanin, yeni teknolojilerin eski teknolojilerin yerini
aldigini, inovasyon faaliyetleriyle yonlendirildigini belirtmis ve inovasyonu “yaratici yikim” olarak ifade
etmistir [8].

inovasyon lizerine tanimlari degisik cepheleri ile glindeme getirdik. Bu tanimlarda dikkatimizi ceken en
dnemli bir nokta, gerek siire¢ gerekse sonug acisindan, Uretilenin “pazarlanabilirligi” hususudur. Ikinci
onemli nokta ise dénitsime konu olan “fikir’ Gzerinde higbir nitelemenin olmamasidir. Bu fikir, yine
pazarlanabilir bir sonu¢ Uretmek kaydiyla, geleneksel teknoloji alanlariyla da ilgili olabilir, ylksek
teknoloji alanlariyla da. inovasyon, bilim ve teknolojinin ekonomik ya da toplumsal bir faydaya
dondstirtilmesini anlatir.

Bu acgiklamalar 1siginda konuyu su sekilde toparlayabiliriz. Inovasyon “bilim ve teknolojinin ekonomik
ve toplumsal yarar saglayacak sekilde yenilenmesidir.” Diger bir ifade ile bilim ve teknoloji etkinliginde
bir fikrin kuram, eylem ve sonug¢ bakimindan yarara déntismesidir; pazarlanabilir, somut bir ¢ikti haline
gelmesidir.  Inovasyon basit anlamli bir yenilenmeden ibaret degildir. Yenilenmenin kuramsal
asamasindan baslayarak yenilik Grinini de igine alan ve pazarlanabilme niteligini kabul eden bir sireci
icine alir.

Bilindigi gibi tanimlamalar iki temel igleve sahiptir. Bu iki islevi eskiler “etrafini cami, agyarini mani”
ifadesiyle formulize ederler. Yani tanimlamalar hem kavramin tim temel &zelliklerini bunyesinde
toplamali hem de benzer kavramlardan onu ayirabilmelidir. Bu agiklamalarimizla konunun etrafini cami
agyarini mani tarifin gergeklestigine inaniyoruz. Ancak konunun bulustan farkinin ne oldugunun
aydinlatiimasi i¢in daha ileri agiklamalara ihtiyaci bulunmaktadir.

2.1 inovasyon Bulus mudur?

inovasyon bir bulus gibi anlasiimamalidir. inovasyonu bulustan ayiran en iyi érneklerden birisi Singer
dikis makinesinin gelisiminde gortriz. Belki de Isaac Singer’in dikis makinesini icat eden ve dolayisiyla
adini veren Kisi oldugunu distuntyorsunuz. Dikis makinesinin mucidi Bostonlu Elias Howe’dur (1846
yill). Ama ne var ki Howe, icadini inovasyona donlstiremedi. Bu ylzden de hem icat ettigi makineye
adini vermeyi hem de bundan milyarlarca dolar kazanma sansini kaybetti. Bu isi Singer basardi. Singer
dinyanin her tarafinda dikis makinasi denince akla gelen marka ve isim olmasini Howe’un icadini
uygulamaya, toplumsal faydaya dénustlirmesinden elde etti. Singer, Howe'un dikis makinasi i¢in aldig:
patentten yararlandi.

icatlar ve patentler inovasyon igin biiyiik firsat sunar. inovasyonlar icin patentler en énemli ipucu ve ¢ikis
noktalarini teskil eder. Girisimciler, yeni Grun, Uretim ve yonetim gelistirerek rekabet gicunu korumak
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istediklerinden strekli kendi alanlarindaki patentleri izler ve incelerler. Bunun igin de Arastirma
Gelistirme (AR-GE) ¢alismalarini 6ncelik ve dnem verirler.

Girisimciler strekli inovasyon pesindedirler. Onlardan beklenen icat degil, inovasyon yapmalaridir.
Girisimciler igin 6nemli olan patent ve icatlarin toplumsal faydaya donistiridlmesidir. Bunun en énemli
yolu AR-GE calismalari ve Universite —sanayi is birligidir. Sanayici ancak bu sekilde pazar payi ve
karlihgini artirip rekabet gucuni yikseltebilir.

2.3 inovasyon Uzerine Yanilgilar

Gug ve zenginlikl buylk fabrikalara ve makinalara sahip olmaniz, tretim ve kapasite, isinizi blylitmeniz
degildir. Halbuki Turk sermayesinin en ¢ok yatinm yaptigi alan makine olmaktadir. Oysa yeni anlayis,
kendini olabildigince makinelerden ve Uretimden arindirip, asil deger teskil eden seylere, manevi ve
insani degerlerin dikkate alindigi verimli ve dogal lUretime odaklaniimaktadir. Yeni anlayista insanin
hizmetinde teknoloji igin inovasyon 6ne c¢ikmakta, israfsizlik, verimlilik, sade ve dogal hayat 6ne
cikmaktadir. Bu ylzden yeni anlayis, makinelerin kag parga is ¢ikardigiyla degil, makinelerin ne kadar
deger Urettigi ile ilgileniyor.

Turk sirketleri ise hala bitmek bilmez bir istahla makinelere yatirm yapmaya devam etmektedir.
Suphesiz bu anlayis ise llkemizi bir teknoloji ¢dpligi haline getiriyor. Sanayicimiz, “Endustri Tasarim/”
gibi AR-GE’ konularini da dogru anlamadigini goériyoruz. Bir tane dahi patent alamadan, Gretimini
yabanci patentlere lisans Ucreti 6deyerek yapiimasini AR-GE zannediyor. Cogu kurumlar AR-GE birimi
kurdu ama farkh kaynaklardan satin alinan malzemeleri kullanmanin AR-GE olmadigini fark edemedi.
Ucuz isci ile ucuz isgilik farkini da kavrayamadi. isci verimliligini artirarak maliyet azaltilabilecegini
zannetti. “Deger Analizi”, “Lojistik Muhendisligi” gibi mesleklerle hentuz tanismis degil.
ihracati lisansorinin  kendisi igin kéarsiz goérdigu pazarlara ancak izinle yapabilmektedir.
Politikacilarimiz inovasyonu “parasini 6deyerek disaridan teknoloji transferi” olarak aniimaktadir [9].
Almanya’da bir bursla (Alexander von Humbold bursu) 2 yila yakin arastirma yapan birisi olarak oradaki
gozlemelerim 1siginda bir konuyu ele almak istiyorum. Almanya’da kimya lisans mezunu
ogrencileri bdlime ylksek puanla kayit olurlar. Mezunlarin buyuk bir gcogunlugu doktora programina
kayit olur. Doktorall elemanlarin gogu Ar-Ge galismasi igin sektdrde is bulurlar. Biz de ise son yillarda
fizik ve biyoloji bolimleri gibi kimya bdlimleri kapandi ya da 6grenci bulamaz oldu. Orada bir Siemens
fabrikasini ziyaretimizde 40 bin kadar AR-GE personeli bulundugunu ve bunun yarisinin doktorali
oldugunu égrenmistim.

Kimya lisans mezunlarindan kag kisi ARGE igin doktora yapiyor ve AR-GE c¢alisani olarak is buluyor?
Bu gozlemler, Glkemizde temel bilimdeki yanlis anlayisi ve uygulamayi géstermektedir [10].

TUBITAK disinda ciddi bir arastirma merkezi ve laboratuvarlarin bulunmamasini nasil
aciklayabiliriz?. Halbuki orta dlgekte Uretim yapan her sirketin bir AR-GE birimi olmasi gerekir ve bilginin
Universite ve arastirma merkezlerinden sirketlere akabilmesi igin kiimeler kurulmasi lazimdir.

3. ULUSAL iNOVASYON SIiSTEMI

inovasyon kendi basina ayri bir etkinlik degildir. Bilim ve teknoloji etkinliginin tim siireclerini kapsayan
bir hadisedir. Bu kadar genis bir kuram, eylem ve c¢ikti sireglerini igine alan etkinligin her tlkenin, her
bilimsel arastirma alaninin, her sanayi tnitesinin kendi 6zelliklerine gdre olusturmasi beklenir. Ulkeler
milli ncelliklerine gére kendi inovasyon stratejilerini giziyorlar. iktidar, beyin giicii, tiniversite, planlama,
imkanlar, sanayi, teknoloji, endlstri ve piyasa gibi tim elemanlar inovasyonun icinde yer alan
kisimlardir. inovasyon etkinliginin yiiriiyebilmesi icin éncelikle toplumun her kesiminin ve iktidar giiciiniin
olayl benimsemesi ve desteklemesi gerekir.

Burada (zerinde énemle duracagimiz bir diger konu ise Ulusal inovasyon Sistemidir. Hem bilim ve
teknolojiyi iretmede hem de bilim ve teknolojiyi hizla ekonomik ve toplumsal bir faydaya déntstirmede
yetkinlesmenin altyapisini Ulusal inovasyon Sistemi olusturur.

Ulkenin kendisinin, saglam bir bilim temeli ile belirli bir inovasyon kapasitesine sahip olmasi neye
baglidir? Bu soru bizi Ulusal inovasyon Sistemi kavrami ile tanistirmaktadir.

Ulusal inovasyon Sistemimiz ne durumda? Once bu sistemin ne anlama geldigi ve sistemde nelerin
amagclandigi Gzerinde duralim.

Ulusal inovasyon sistemi, bilim ve teknolojiyi hizla ekonomik ve toplumsal yarara donistirme
beceresinin makro duzlemde orgltlenmesi anlamina gelir. Bu bakis acisi ile milli egitimden
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kentlesmeye, cevre sorunlarindan ulusal glvenlige, istihdamdan kamu yonetiminin yeniden
yapilandirilisina dek her tartisma bu muhteva igcinde degerlendirilir.

Ulusal inovasyon sistemi, bilim ve teknoloji Uretmeye yonelik kurumsal mekanizmalarin oOtesinde,
bilimsel ve teknolojik bulgulari ekonomik ve toplumsal faydaya donustirebilmenin kurumsal
mekanizmalarini ihtiva eder ve énemi de buradan gelir. Zira bilimsel ve teknolojik bulgulari ekonomik
ve toplumsal faydaya donistirme yetenegine sahip bulunmayan herhangi bir llke, sektér ya da
isletmenin geleneksel korumaciligin kalktigi, uluslararasi rekabete acgik bir dinyada varligini strdirmesi
mumkun degildir.

Ulusal inovasyon (yenile(n)me/yenilik) sistemi, genel olarak,

1 - Uriin ya da tretim yéntemlerine iliskin yeni teknolojileri edinebilme; 6ziimseyip kullanabilme; bu
teknolojilerin ekonominin butin etkinlik alanlarina yayilmasini saglayabilme;

2 - Uriin geligtirme, yeni Grlin tasarimlayabilme;

3 - Yeni urlin tasarimiyla birlikte tGretim yontemini de gelistirme, yeni ydontem tasarimlayabilme;

4 - Geligtirilen ya da yeni bulunan Uretim ydnteminin gerektirdigi Gretim makinelerini tasarimlayabilme
ve Uretebilme;

5 -Sayilan tasarim ve Uretim slreclerini besleyen teknolojik arastirma-gelistirme faaliyetini strdirebilme;
ihtiyac duyulan teknolojileri bilimsel bulgulardan yol ¢ikarak Uretebilme ve o teknolojilerin kaynagini
olusturan bilimi Gretebilme;

6 - Arastirma, gelistirme, tasarim, Uretim (imalat), pazarlama sireglerinin hem kendi i¢lerindeki hem de
aralarindaki iligkileri dizenleyen ve daha ileri dizeylerde yeniden Ureten organizasyon ydntemlerini
gelistirebilme yeteneklerine sahip ulusal kuruluslarin olusturdugu bir sistemi ve aralarindaki iliskileri
ifade eder [11].

3.1 Ulusal inovasyon Sisteminin Oniindeki Engeller

Dinyadaki bilimsel ve teknolojik degisme hizi her gegen giin biraz daha artmaktadir. Elimizdeki teknoloji
en fazla 6-7 yil igin guncelligini koruyabiliyor. Bir slire sonra bakiyorsunuz, bu teknolojinin ¢ok daha
modern ve gelismisi daha pratik, daha hizl, daha kaliteli ve daha ucuzu piyasaya surultyor. Bu durumda
sizin rekabet guclnuz zayifliyor ve ayakta kalmaniz glglesiyor. Zorunlu olarak teknolojinizi yenileme
yoluna gidiyorsunuz. Bu durumda, inovasyon gercedi ile karsilasiyor ve AR-GE calismalarina
basliyorsunuz. CUnkU arastirma —gelistirme (AR-GE) olmadan endustrinin ayakta kalmasi mimkin
olmuyor.

Sanayicilerimizin bu gergegin farkinda olmadigi disunulemez. Bu durumda sanayiciler AR-GE igin
universitelerin kapisini nigin ¢calmiyorlar?

Halkla Universite arasinda nicin gerekli ve yeterli iletisim baglari olusturulamiyor? Bu soruya sdyle bir
cevap veriyoruz: YOK sistemi, Universite hocalarinin topluma hizmetini adeta yasaklayan sirdirilemez
bir yapi kurdu. Ornegin danismanh@in énlinde ciddi engeller vardir. Ancak asil 6nemli engeli su sekilde
aciklayabiliriz.  AR-GE calismalari ciddi bir mali finans gerektiriyor. Sanayicinin bu finansa gucu
yetmiyor. Mevcut sartlarda 6lum kalim savasi veren sanayicinin ARGE’ye ayiracak parasi
bulunmuyor.

Sanayi-Universite isbirliginin gercek anlamda kurulamamasinin diger engel sebebi ise maliyetlerdeki
olaganustu yuksekliktir.  CUnku ulkemizde fiyat mekanizmalari serbest piyasa sartlarina gore
islememektedir.

Gumrukler, vergi politikalari, taban alim fiyatlari, sanayicimizin dinya Ulkeleri ile rekabet edebilmesi
gercekleri goz 6niine alinarak belirlenememektedir. Petrol, elektrik fiyatlari, iletisim vs vergiler Avrupa
ulkelerinden ve ABD den bile gogu kere yiksek durumda kalmaktadir. Bunun yaninda burokrasinin asiri
karmasikligi mitesebbisi bezdirmektedir.

Bu ylzden ulkemizde buyuk holdingler teknolojilerini disardan patent, lisans, know-how ve mihendislik
anlagsmalari ile saglamaktadirlar. Zaten bunlarin bircogunun ¢ok uluslu sirketlerde ortakliklari vardir.
Bundan dolayl inovasyon icin AR-GE calismalarina ihtiya¢ duyulmamakta, firma icindeki AR-GE
birimlerini arastirma yapmaktan ¢ok bagl bulunduklari bélimlere hazir ve ithal teknolojiler alaninda
hizmet vermektedir. Diger bir ifade ile taklit ve kopya teknolojilerle hayatini idameye
calismaktadirlar. Kigtk ve orta olgekli firmalarin ise zaten AR-GE birimleri bulunmamaktadir.

Gerek TUBITAK olsun ve gerekse (niversiteler uygulamaya yénelik bir takim arastirmalara destek
veriyorlar. Ancak Ulkemizde Universitelerin arastirma anlayisi, agirlikli olarak, akademik terfilerde
sadece dosyaya koymak Uzere yapilan yayinciliga endeksli hale gelmis bulunuyor
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Universitelerde arastirmayi yapmanin amaci sudur: Arastirmalardan ¢ikan sonuglarindan toplum
yararina bir seyler elde etmektir. Halbuki Universitelerimizde bu amag¢ unutulmus gibidir. Bu nedenle
WOS (Web of Science) gibi atiflar indeksindeki siramizin yiikselmesinin ne getirdigi, insanimizin
bundan ne kazandi§i sorgulanmamaktadir. YOK ve TUBITAK’a ayrilan olaganiisti meblaglar, kamu
kaynaklarinin kamuya yarar saglamayan “dosya yayinlarina” harcanmaktadir. Bu durum Turkiye’nin
inovasyon cabalar ile taban tabana ters bir durus sergilemektedir. Turkiye, bu anlayislar
degistirmedikge ulusal inovasyon sistemini teskil etmesi zor gérinmektedir.

Sonug olarak, su andaki Universitelerde terfi ve unvan almak igin yayin yapma anlayisi inovasyon
felsefesine temelden aykiridir.

3.2 Oncelikli Sorular

Universitelerimizin kalkinmada éncii ve motor haline gelmesi ve beyin fonksiyonu ifa edebilmesi igin
glindemimizde olan sorular vardir. Bunlari su sekilde siralayabiliriz:

Ulkemizde sanayi hangi tiir arastirmalar yapmalidir?

Universite hangi tiir arastirmalara yénlenmelidir?

Universitelerimiz ne tiir yatirnmlar yapmalidir?

Hangi tir konularda doktorali bilim adamlari yetigtirmeliyiz?

Hangi alanlara yonlenmeliyiz?

Ulkemizin ulusal kaynaklarini bilim ve teknoloji agisindan nasil degerlendirmeliyiz?

Sanayiyi nasil motive etmeliyiz?

Bunlar gibi dogru sorulari glindeme getirdigimiz délglide 6nimuiz agilacak ve gergeklerle karsi karsiya
gelebiliriz. Cuinkl bu sorunlarin ¢éziminde ilerleme olmamasi bu sorularin giindemimizde olmamasi ile
ilgisi bayuktar.

Yine bu alanda bagka bir can yakici gergek sudur: Universitelerde yiizlerce binlerce tezler arastirmalar
yapiliyor ama bunlar genelde sanayi, ekonomik ve kiiltlrel hayatimiz ve gelecegimizle alakali dedgil.
DasunUnki bu kadar Universite ve on binlerce 63dretim elemanina sahipsiniz. Bunca bilimsel arastirmalar
yapiliyor. Ancak bu calismalar inovasyon onceliklerimizle ilgili degil. Gerekli yaptirimlar ve sistemler
bulunmuyor. Bir Ulke bilim ve arastirma hayati i¢cin bundan daha vahim ne olabilir?

3.3 Kiimelenme ve Oncelikler

Kimelenme igin strateji su: Guglu alani daha glglu hale getireceksin. Yani kaynaklari en verimli sekilde
kullanmak ve o bolgede sinerji olusturmak. Bir ¢ok kimya sirketinin bulundugu sehir yada boélgede
bilgisayar donanimi konusunda kimelenme meydana getirebiliriz. Bdylece o bolgeyi kimya sanayi
alaninda Dinya ¢apinda uzman ve ileri hale getirmek mimkun olur. Durum bdyle olunca devlet kimyasal
Uretim icin kaynagi agirlikli olarak buraya ayirmis olur.

Sonug olarak hangi ile ve Universite hangi alanda ileri ise o il veya bdlgeyi uzman bdlge ilan
ediyorsunuz. Uzmanlik icin kriter genelde sirketler, Universitelerin uzmanligi ve arastirma merkezleri
olacaktir. Boylece bdlgelerde kimelenme meydana gelecektir. Yani Universiteyi, arastirma merkezleri
ve sirketleri bir araya getirmis oluyorsunuz. Burada bilgi aktarimi organize edildigi icin Universitelere
kaynak akacaktir.  Sirketler Universitelere arastirma goérevini para karsihidinda verdiginden,
Universitelere kaynak akacaktir.

Savunma sanayiinde yaptigimiz gibi Tirkiye kimya endustrisinde iddiali olacagi alanlari belirlemelidir.
Ornegin kimya alaninda (6zellikle sentez, organik, biyokimya) biiyiik potansiyel var tilkemizde. ikinci
iddiali olacagimiz alan tarimdir. Ozellikle organik tarim ve gida sanayi bunlarin basinda geliyor.

Kimya ve biyokimya ulkemizin kalkinmada anahtar noktalarindan birisidir. Tirkiye'de ilag ve kimyasal
maddenin buyuk ¢ogunlugu disaridan temin ediliyor. Bugiin kimya sanayiine yon verilse, gidimli
projelere gecilse disaridan aldigimiz ¢ogu ilaglari ve kimyasal maddeleri, ¢ozuculeri, temizlik ve
kozmetikleri, gidalarda kullanilan maddeleri vs kendimiz yapabiliriz.

Halbuki kimyasal olan ¢odu seyi (ya da hammaddesini) disaridan aliyoruz. Bilime ve inovasyona
dayanmayan ve disari ile rekabet edemeyen bazi kopya kimya endustrilerin var olmasi bizi
yaniltmamalidir.

Oncelikle yapilmasi gereken Tiirkiye igin kritik olan arastirma énceliklerinin belirlenmesidir. Mesela llke
disindan aldiklarimizin Tarkiye'de UGretilmesi arastirma 6nceliklerimizdendir.
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Arastirma Onceliklerini belirledik. Sonra?.. Bu Oncelikler ilan edilir. Bu vatandasa mesajdir. Dinya
nerede biz neredeyiz.

O zaman universitelere, TUBITAK ve TUSEB gibi arastirmalari destekleyen ve ydnlendiren kurumlara
misyon havasi gelir. Misyon yani hedef ve arastirma amaclari asagidan yukari dogru sizile sizile
yiikselmelidir. Ilgili toplum tabakalarini ¢6ziimiin bir pargasi haline getiren - asagidan yukari yiikselen-
bu ¢6ziim anlayisi gergek demokrasinin uygulanmasidir.

O zaman, herkes onceliklere ve hedefe sahip cikacaktir. Akademisyenler de bdylece yonlendiriimis
olacak; devletin kaynaklari da belirlenen hedefe ve misyon dogrultusunda kullaniimaya baslayacaktir.
ilgili kesimleri baglayan ve yénlendiren bilim ve arastirma politika ve stratejileri hayata gegirilirse
sanayicilerimiz hangi alana yatirnm yapacaklari konusunda belirsizlikten kurtulacaktir. Universiteler de
“amagsiz arastirmalarla” ugragsmaktan vazgegecektir.

Ismarlama hazirlanan bilim politikalarinin sonucunu biliyoruz (érnegin vizyon 2023). Vizyon 2023
ilgililerin katilimi olmadan (tabandan tavana ylkselmeyen) bir bilim politikalari hazirlama 6rnegidir. Bu
yuzden toplum ve sanayi gergeklerinden kopuk bir sekilde hazirlanan dncelik olarak ileri striilen onlarca
ve hatta ylzlerce arastirma oncelikleri ¢ole diisen yagmur gibi etkisiz kalmaktadir.

TUBITAK tarafindan olusturulan bilim ve arastirma éncelikleri ilgili kurumlar baglayan yaptirimlari
bulunmuyor. O ylzden hedefler blyik Olgiide kagit lzerinde kalmaktadir. Bunun en bariz 6rnedgi,
TUBITAK, TUSEP, BAP ve diger projelere destekler verilirken bile, bu onceliklerin dikkate
alinmamasidir.

3.4 Yerliyi Koruyan Tedbirler

Son yillarda tlkemiz buyuk atilimlar yapti. Yollar, kdpriler, havalimanlari vs. Bundan sonra ulkeyi
uguracak olan ileri teknoloji, 6zellikle kimya ve biyoteknoloji projeleridir. inovasyona ve bilime dayali
yatirimlardir.

Ulkemizde kimya ve biyokimya alaninda biiyiik potansiyeller var. Toplum -liniversite iligkisinin
kurulmamis olmasi ve YOK'(in yayin odakli stratejisi yiiziinden, bu yayinlari ileri gétiirenler disaridakiler
(Batihlar) oluyor. Bizim Universiteler ise bu durumda onlara bir tir “taseronluk” yapmis olmaktadir.
Bundan kurtulmanin yolu dniversitelerimizin artik “yayin icin yayin yapmak” hedefini birakip, “Grtn
hedefli” calismalara gegmesidir. O zaman Turkiye kendi ilacini kendi biyokimyasal kitini Uretecek ve
ihra¢c edecek konuma c¢ikacaktir. Bunun yolu kimya sanayiinde de savunma sanayiinde oldugu gibi
hedefli galismalara gegilmesidir.

Savunma sanayisi ¢ok iyi bir rol model oldu. Yerli Gretim alim garantili sartname ihale modellerinin
artinlarak gelistiriimesi ile sektor tlkemizi ¢ok iyi bir noktaya tasidi.

Savunma sanayiindeki uygulamalar diger alanlara 6rnek olmaldir. Bu amagla yiksek teknolojik bilginin
ticarilestiriimesine yonelik start-up gelistirilmeli ve sektér paydaslarin dolayli tesviklerin yaninda
dogrudan tesvik modelleri artiriimalidir.

Bu sahada en 6nemli dikkat edilecek noktalardan birisi kendini global dev firmalarin pencgelerinde
hisseden yerli firmalara destek saglanmasidir. Bunlara devletin prim vermesi ve olabilecek aksi
durumlarda sayistay denetimlerinde koruma kalkani gelmesi gibi koruyucu tedbirler getiriimelidir. Yerli
lehine her yil alim oranini yukari ¢ekmeyen ydnetici maas ve tenzili rutbe riski ile karsi karsiya
birakilmahdir.

Yerli yaptigimiz her teknoloji ve urin kétulenir; ithal olanlar ise bir harikadir! Halbuki tim bunlar global
dev firmalarin kurdugu sémiri duzeninin yalanlaridir. Tekelin kalkmasi i¢in yanhshda ses ¢ikaranlar bir
sekilde cezalandirilir, sindirilir, korkutulur. Hatta saf disi edilir.

Global firmalar rakip kabul etmediginden, tlkemizde yeni yeni biylyen firmalarimizi satin alarak tekel
kuruyor. Bu sekilde kendi yerli firmalarimizin giglenmesine firsat verilmiyor. Sahip olamadigimizdan ve
elimizde tutamadigindan bir bir elimizden ¢ikiyor. “Ejderhalarin” éniinde duramiyorsun.

Hatta bu global firmalar bizim tani kitini, kimyasal UrUnlerini kendi Ulkemizin ulusal pazarina bile
sokturmuyor. Tani kiti dreten milli ve yerli firmalar Ulkemizde bu sekilde “batirildi.” Daha dogrusu
ejderhalara kuguk lokma oldu.

3.5 Arastirmaya Hedef Lazim

Universiteler toplumu yeniliklerle/buluslarla bulugturmak igin vardir. Bu misyon nigin unutuluyor? Malum
nereye gittigini belirlememis kaptana higbir rizgarin faydasi olmuyor. Bilim politikasi ve hedef olmayinca

42



4. RUMELI SURDURULEBILIR CEVRE ICIN ENERJi VE TASARIM SEMPOZYUMU

4rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
8-9 Subat 2024 / February 8-9, 2024

Halig, ISTANBUL

universitelerde ¢ok degerli buluslar yapilsa da bu bulus ve gelismeler Uretime dénlisememektedir.
Ulkemizde sanayicilerin arastirma gelistirme amaciyla Universitelere miiracaat etmemelerinin ana
nedeni tlkemizin “bilim politikasinin ve arastirma hedeflerinin” belirenmemis olmasidir.

Belirlenmis olsa bile Universiteleri, hatta hikimeti bile “baglamamasi”, yani hayata gecirilmesi igin
gerekli tedbirlerin alinmamis olmasidir. Hedef olmayinca, koruma ve tesvik bulunmayinca Universite
rastgele konularda arastirma yapmak zorunda kalmakta; sanayici de hangi sanayi dallarina yonelecegini
bilememektedir. Ulke olarak bilim ve arastirma hedeflerinin belirlenmis degil. Belirlenmis olsa bile kagit
Ustiinde kalmakta. Clinki belirlenen hedeflerin hocalari baglayici mekanizmalarin olmasi gerekir. Yani
Israrla uygulanan bir bilim politikasi bir aragtirma gelistirme siyaseti bulunmuyor. Bu durum, AR-GE’nin
ve Universite sanayi isbirliginin olusmamasinin en blyik nedenini teskil ediyor.

4. EGITIM VE ARASTIRMA iGIiN FELSEFE

Universite sanayi isbirligi adi altinda yillardir, birkag yiizyildir bilinen araglarin adlari konusulmakta, ama
bunlarin nasil olup da bir tirli hayata gegiremedigimiz sorusu sorulmamaktadir.

Dogru cevaplara ancak dogru sorular sorarak ulasabiliriz. En etkili sorun ¢6zme aracinin dogru sorular
tasarimlamak oldugunu 6gretemeyen bir editim anlayisimiz var. Aldigimiz egitimin neticesi olarak tabii
her seyin cevabinin 6gretildigi egitim yapisi icinde sorulara ve arastirmaya ihtiya¢ kalmamaktadir.
ilkokuldan itibaren teste dayali egitimde cevaplari belli sorulari ezberleyip duruyoruz.

Bu durumda goére yuksekdgrenim goérmis insanimizin (dolayisiyla aydinlarimiz ve de ¢6zim
mevkiindeki yetkililerin) ortak 6zelligi sorulari olmayislaridir.  Kendimize ezberletiimis, belletiimis
cevaplari baskalarina ezbere belletmeye calisiyoruz. Hemen herkes kendi dogrularini baskalarina
belletmeye ¢alismanin pesine dustiyor. Bu yizden sorunlari nasil ¢gdzecegimize dair bir derdimiz yok
gérinmemektedir.

4.1 Egitimde Felsefe ve Motivasyon

Bizde egitim sisteminin dayandidi bir felsefe var mi sorusu sirekli gindeme getiriimekte ve cevabi
aranmaktadir. Ne yazik ki soruya olumlu cevap verilememektedir. Kendi kavramlarimiza ve bakis
acimizla egitimimizin ontolojik, epistemolojik, ahlak, kultir ve medeniyet boyutlari ile glglia bir egitim
felsefesine dayandirilmasi ihtiyaci vardir. Egitimde felsefe olmayinca, telkin edilen sey sadece “basar!”
oluyor. Egitimin kiltirel, medeniyet ve meslek/beceri yonu bulunmayinca (ya da zayif kalinca) basari
gudist 6grencinin  bulusguluk ve inovasyon duygusunu degil rekabet ve bencillik duygularini
beslemektedir. Biling altilarina liyakat ve ehliyetin gecersiz seyler oldugu mesaijlari yuklenmektedir.
insanimizin psikolojisi ve duygularinin, inang ve kiiltiir degerlerinin katilmadigindan Zihni galismalara,
inovasyon ¢odzumlerine analizlerinde gerekli ¢cdziimlemeler hasil olmamaktadir.

Motivasyon ancak onu besleyen bir kavramsal yapi iginde artar ve gelisir. insanlari galismaya, bulusa
ve arastirmaya sevk eden sey, kavramsal yapi ile ortaya ¢gikan sevk ve heyecan ortamlaridir. Sevki
doguran alt yapi, dogru bir kendi kiltirel kavramsal yapilarinin dahil oldugu ortamlardir. Dogru
kavramsal yapinin besledigi ortamlardir. Aksi takdirde sevki besleyen ve doduran kavramsal ortam
yoksa motivasyon sdnecektir.

Hayat faaliyet ve hareketten ibarettir. Faaliyet motorunun harekete gecmesi sevk ve motivasyon
yakitinin temini ile mumkin olur. Egitime yeterli ve gerekli milli hedefler verilmedigi takdirde sevk ve
motivasyon duygulari harekete gegmeyecektir. Bilimin vasitalari evrenseldir. Ancak hedefleri millidir.
Teknoloji Uretme-kullanma suregleri ve bilisim, egitim slrecleri medeniyet ve egitim, bilginin yapisi ve
dzellikleri, insanin dogasi ve yagsam siirecleri ile ilgilidir. Bilgi edinme siiregleri, diisiinme ve égrenmeyi
6grenme ve egitimin kavramsal duzlemi, bilgisayar destekli egitim ve bilgi erisim kurumlarinda ahlaki
degerleri ve diger kavramlarini kendi bakis ag¢imiz ve kiltirimlz baglaminda ele alip yeniden
yapilandirmak zorundayiz. Kisacasi biz buna egitime felsefe getirmek diyoruz.

Prof. Sen “Muhendislikte Felsefe, Mantik, Bilim Ve Etik” adli kitabinda felsefesiz egitimin sonuglarini su
sekilde o6zetlemektedir [12]: “...nakilcilik, ezbercilik, kalpgilik, donukguluk, 6zellikle muhendislikte
formalculik, yéntemcilik, taklitgilik’tir. “Toplumda carpik yapilasmalar, adaletsizlikler, yolsuzluklar,
liyakat yerine sadakat ilkesi yayginlagsarak artmasi” da felsefesiz egitimin sonuglaridir.

“Nakilcilik (hocadan veya bagkasindan 6grenilenleri elestirisiz dogru ve her durumda gecerli kabul
etmek), yenilikgilik (inovasyon) pesinde kosmamak, kosulsa bile bunun toplumda bir getirisinin
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olmamasi, felsefe ve mantik ilkelerinin nerede ise tamamen devre disi kalmasi gibi durumlar” yine
egitimdeki felsefe eksikliginin neticelerinden ortaya ¢ikan arazlardir.

Sen konuya soyle devam etmektedir [12].

“Felsefesiz bir egitim kolelie, mantiksiz olani ise yasayan 6lime sebep olur. Felsefenin olmamasi
sorgulamanin olmayisina, ¢ok secgenekli olarak sire giden ¢dzimlemelerin ortaya ¢gikamamasina,
mantik kurallarinin bilinmemesi de bu secenekler arasinda miihendisi (kisiyi) akillica karar verememeye
kadar géturar. “

Halbuki egitim beceri kazandirmaktan da Ote dncelikle bireylerin hayal glclu ve Uretkenliklerinin
gelistirilmesini amaclar. Taklitgilik zgin olmanin ve 6zgur disinmenin énlindeki en blyik engeli teskil
eder. Taklide alisanlar hayal guglerini kullanamadiklarindan yenilik yapamazlar ve blylk disinemezler.
Egitim, ferde bagimsiz dugunme yollarini 6gretmelidir ve ézgiiven ve girisimcilik ruhu kazandirmalidir.
Bunun alt yapisi ise kiginin Kisilik ve kimlik kazanacagi, kendi egitim/bilim/varlik felsefelerinden beslenen
egitim ortamlaridir

Kopya etmeden 6nce bunlarin mantigini ve ilmini kavramaniz gerekir. Bu teknolojilere ait bilgilerin
kokeninde kelimeleri, kavramlari, terimleri, 6nermeleri kavramaniz kendi bakis agisi ve terimlerimizle
yorumlamamiz hatta yeniden Gretmemiz gerekir. Béylece onlari millilestirme yolunda ilk adim atiimis
olur.

Hz. Muhammed’e atfedilen (hadis) “iki giini esit olan zarardadir” (bk. Acluni, Kesful-Hafa, 2/276) ve
Hz. Ali’ye nisbet edilen “gocuklarinizi yasadiklari zamana goére yetistirin” sézleri bize yeni ufuklarda
degisimin, gelisimin ve yenilenmenin ehemmiyetine dikkat ¢eker.

Merakin, tecessustisuin, sorgulamanin, kolaylastirildigi bir egitim ortamini nasil insa edebiliriz? En basta
hayati kazanmak igin neyin ugruna yasamaya deger oldugu sorusu cevap bulmalidir. Egitime felsefe
kazandirmak i¢in bilgiden 6nce inan¢ ve kultir degerleri, alin teri ve emegin kutsalligi 6gretiimelidir.
Kolayci yollar mesela kisa yoldan para kazanmak anlayisi ile hazir ¢gbziimlere odaklanan teknoloji
transferi ile inovasyonun 6nu kapandi. Mesela hazir yazilimlarin kopya edilmesi ile teknolojiye sahip
olunacaginin zannedildi. Halbuki transfer etmek ve kopyalamak bile belli bir ilmi alt yapi gerektirir. Usul
dairesince yapilmasi gerekir.

Kendi bakis aginiz ve kavramlariniza sahip degilseniz fikirlerin kalite kontroliini yapan mantik islem
gbérmeyecektir. Kendi bakis aciniza ve kendi egitim felsefenize sahip degilseniz, Uretim fabrikasinin
dinamosu olan felsefeden yardim alamiyorsunuz. Transfer ettiginiz tGrin ve teknoloji ile birlikte o
teknolojinin felsefesi ve fikrini de almig olursunuz ve yenilik yapamazsiniz. Cunkd kopyalayanlar ve
taklit edenler 6zgur ve 6zgun dusunememektedir ve yenilik yapamamaktadir.

Felsefi dusunce ve mantik ilkeleri ile hareket edecek egitim yapisina sahipseniz yapiimasi gereken
bellidir. O takdirde bakkalindan holding sahibine, seyyar saticisindan Universite hocasina,
medyacisindan ve politikacisina ve 6zellikle burokratina kadar herkes tretken zekasini kullanacak her
daim yenilik pesinde olacaktir.

5. TARTISMA VE DEGERLENDIRME

Buylk gelirler elde eden ulkeleri dikkatle inceledigimizde bunlarin kendi bulusuyla biylk gelirler
sagladiklarini géruriz. Bulusun sahibi baska bir bulusla yine sizin yapamadidinizi yapabilmektedir.
Onlarsa surekli olarak yeni modellerle aradaki farki korumay: biliyorlar. Bu yeniligi saglayan bulusu da
ustelik size parayla satarlar. Halbuki kopyalayan yani taklitte kalan Glkeler ise kopyacilikla yliksek gelir
saglayamazlar. Ustelik sadece yeni buluslar yiziinden eskimis, énemi ya kaybolmus ya da azalmig
patentleri satarlar bu Ulkeler. Patenti size sattiktan sonra siz buna goére mal Uretmeye basladiginizda
gOrursuiniiz ki onlar yeni Urlnleri piyasaya gikarmislar, siz bu durumda Urinlerinizi ucuz satmaya mecbur
kalirsiniz. Yeni ¢ikan patenti aldiginiz anda bilin ki bulusgu Ulke bir yenisini devreye sokacaktir.
Ulkemiz Ekonomik gl olarak belli bir varlik gésteriyor. Ama bu glic bilime dayanmayinca fazla bir deger
ifade etmiyor. Cunkl inovasyon olmayinca sanayicimiz genelde baska Ulkelerin girmeye tenezzil
etmedidi sahalara yatinm yapmak zorunda kalmaktadir. Bu ylzden sanayicimiz bir tane dahi patent
alamadan, Uretimini yabanci patentlere Ustelik ylksek bir lisans Ucreti 6deyerek kopya ya da taklit
teknolojilerle Uretim yapmaktadir. Halbuki slrekli kopyacilikla katma degeri ve rekabet gucu
yuksek drunleri Gretmek mumkun degil. Ticarette Yiksek yiksek gelirler elde etmek ancak benzeri
baska yerde olmayan drtnlerle olur.
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Elbette bilimsel ve teknolojik gelisme mutlaka akilci, istikrarli uygun bilim politikalari ve gerektiginde her
tarlid fedakarhgi géz énune alan uygun stratejilerle mumkin olabilir. Elbette siyasi bir irddeye
dayanmiyorsa, bilimsel ve teknolojik gelisme asla mimktn olmayacaktir.

Tekrar edersek Turkiye'de bilim ve teknoloji potansiyelinin en blylk eksikligi, suurlu bir siyasi irade
destedinden mahrum olusudur. Bu konuda var olan olaganusti yanilgih fikirler ve yanhs kanaatler bulus,
yenilik ve inovasyonun kalkinmadaki roli anlasiimamaktadir. Bu ylzden tdlkemizde bilim blylk dlgide
aksesuar olarak kalmaya devam etmekte, Universiteler diploma veren kurumlardan o6te fazla bir
fonksiyon ifa edememektedir. Universitelerde var olan biiyiik potansiyel harekete gecirilememektedir.
Sonug olarak, devletimizin yapabilecegdi en iyi, uzun dénemde de slrekli ve en verimli yatirnm bilime ve
inovasyona yapilan yatirimdir. Bunun en basta siyasetgilerimiz ve burokratlarimiz tarafindan berrak ve
kesin bir bicimde anlasiimis edilmesi gerekiyor.
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OzZET

Yalin Uretim, temelde siireglerde varolan israflari yok etmek ve siirekli olarak sistem verimliligini artirmak
tizerine kurgulanmis bir imalat teknigi yaklasimidir. Toyota Uretim Sistemi’nin babasi olarak adlandirilan
Taiichi Ohno, israfi “kaynak harcayan ancak bir deger olarak geri dénlisi olmayan bir faaliyet” olarak
tarif etmistir. Bu galismada éncelikle yalin tGretim gegmisi, kavramlari, icerikleri, adimlar ve yalin disince
ilkelerini aktarmaya ve ifade etmeye calisiimistir. Akabinde ise makine imalati yapan firmada 5S
ilkelerinin yapilmasi ile sirket ¢cehresinde izlenen farkliliklar anlatiimistir. Calismanin finalindeyse yalin
uretim ilkelerinden sirkette uygulananlar ve gézlemlenen sonugclar paylasiimistir.

Anahtar Kelimeler: Yalin Uretim, 5S Uygulamalari, Yalin Diisiince, Kaizen, Makine imalati
ABSTRACT

Lean manufacturing is a manufacturing technique approach that is fundamentally based on eliminating
waste in processes and continuously improving system efficiency. Taiichi Ohno, who is called the father
of the Toyota Production System, defined waste as "an activity that consumes resources but does not
return as a value". In this study, first of all, lean production history, concepts, contents, steps and lean
thinking principles were tried to be conveyed and expressed. Subsequently, the differences observed in
the face of the company with the implementation of 5S principles in the machine manufacturing company
were explained. In the final part of the study, the lean production principles applied in the company and
the observed results were shared.

Keywords: Lean Production, 5S Apps, Lean Thinking, Kaizen, Machine Manufacturing

1 GIRIS

Doénemimiz teknoloji ortaminda sinir olmayan rekabetci ortaminda maliyet dusisleri ve kalite
oranlarindaki artig, Ucret ve kalite noktalariyla ilgilenmeyi micbir duruma getirmigtir. Yalin Gretim,
firmalarca dinyanin tamaminda gerceklestirilen, ¢calisma alaninda ihtiya¢ olan ve olmayan gorevleri,
islemleri ve tutumlari distrmeyi hedefleyen islemler, ilkeler, stratejiler ve gergeklestirmelerdir [1].

2. YAZIN TARAMASI

Yalin tretimle ve 58S ile ilgili yazin taramasi sonuglari, imalat sektoriine ek olarak hizmet sektdriinde de
pek ¢ok uygulamanin gerceklestirildigini gostermektedir. Bu uygulamalarda, farkh yalin araglarin ve 5S
teknikerinin uygun sekillerde kullanildigi gdézlemlenmektedir. Japonlarin Il. Dinya Savasr’nin
arkasindan icerisine diistiikleri ekonomik ortamda “Yalin Uretim” yaklagimi ortaya ¢ikmistir [5]. Yalin
Uretim ve yonetim sisteminin temelleri, ilk kez 1950’lerde Toyota ailesinin bireylerinden miuhendis Eiji
Toyota ve birlikte galistidi is arkadasi mihendis Taichi Ohno’nun énderliginde, Japon Toyota firmasinda
atilmistir [2].
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3. YALIN URETIM

ilk olarak Toyota firmasi tarafindan uygulanan yalin iiretim ilkelerinin &nemi, 1971 petrol krizinden sonra
diger Japon firmalari tarafindan fark edilmis ve yalin Gretim Ulke ¢apinda kullanilan bir felsefe haline
gelmistir. Yalin Uretim felsefesini temelde dort adima ayirabiliriz. Bu temelleri sifir hurda, ilk sefer hatasiz
artini, esnek Uretim hatlari ve surekli gelisim olarak tanimlayabiliriz [1].

3.1 5S Sistemi

5S, isletmelerdeki diizen ve disiplini saglamak igin kullanilan hem basit hem de isletmenin en kiguk
ayrintilarinin denetimini saglayan ve diger iyilestirme calismalarinin temelini olusturan ve israflari
ortadan kaldiran bir sistemdir.

Toyota Uretim Sistemi’nin babasi olarak adlandirilan Taiichi Ohno, israfi “kaynak harcayan ancak bir
deger olarak geri donlisi olmayan bir faaliyet” olarak tarif etmistir. Baska bir soyleyisle, deger
olusturmayan ancak maliyetle sisteme yik getiren faaliyetlerdir. Hay ise israfi, "bir Griine deger
olusturmak igin yapilmasi gereken en az oranda donanim, malzeme ve isgicu kaynagi diginda olan her
sey" olarak tarif etmistir [3].

58S, Japonca ‘S’ harfi ile baslayan 5 kelimeden olugsmaktadir: Seiri, Seition, Seiso, Seiketsu ve Shitsuke’
dir [7]. Seiri (siniflandirma) asamasinda gerekli olan parcalarin sayisi ve miktari en etkili bicimde
gereksiz mal birikimine yol agmayacak sekilde belirlenir. Seition (dizenleme) asamasinda depolama
yerlesimlerinin merkezi veya daginik olmasi konusunda kararlar alinir. Seiso (temizlik) asamasinda ise
gecmige dair bilgi veya dokumanlarin ortamdan uzaklastiriimasi, karigikligin énlenmesidir. Bu sayede
sorunlar 6nlenecek ve tekrar olusumlarina firsat verilmeyecektir. Seiketsu (standartlastirma)
asamasinda surdurdlebilirligin saglanmasi amaciyla iglerin daha iyi yapilmasi icin standartlar belirlenir
ve bir galisanin gelmedidi giin diger bir galisanin kolaylikla devralabilecegdi bir is yapisi olusturulur [6].
Bdylece daha uzun slreli galisan makinelerle hata orani ve tamir nedeniyle kaybedilen zaman ve emek
en aza indirilmis olur [4].

4. UYGULAMA

5S uygulamalarinin gergeklestirildigi OZCELIK firmasi, Aliminyum ve PVC profil isleme alaninda,
aliminyum kompozit panel ve celik profil gibi farkli endustriyel Grtnlerin islenmesine de imkéan saglayan
nitelikli makineler tretmektedir. Firmada, kaliphane, aliminyum enjeksiyon makineleri, talagli imalat,
bobinaj atdlyesi, boyahane, lazer, caka ve bikim atolyeleri ile Uretilen pargalar montajlanarak makine
Uretimi yapilmaktadir.

Egditimlerin tamamlanmasi ile birlikte fabrika icerisinde 5S’in ilk adimi olan ayiklama iglemi icin tim
fabrika calisanlarinin katildigi ve projenin ilk baslangic noktasi olan montaj hatlarinda genel bir
bilgilendirme ve herkesin surece katki sunmasini amaglayan $ekil 1’ de gdrilen kirmizi kart doldurma
etkinligi gerceklestiriimigtir.

«pbacelik 55 KIRMIZI ETIKET

Sei o
00001

Figure 1. 5S Kirmizi Etiket
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5. SONUG VE DEGERLENDIRME

Bu calisma kapsaminda makine imalati yapan bir isletmede Uretim hatlari Gzerinde galisiimigtir. Yalin
Uretim ydntemlerinden 5S metodu kullanilarak, ¢alisan motivasyon ve verimliligini arttirmak, uretim
hatlarini gereksiz malzeme ve stoklardan arindirmak, suregleri ve sirket yapisini mimkuin oldugunca
yalinlastirmak, zaman kayiplarini en aza indirmek ve bu kiltiri sirket kiltiri haline getirmek
amaclanmistir. Calismanin sonuclari kuramsal bilgilerin uygulama ile birlestiriimesi anlaminda
onemlidir.

Yalin uretim g¢alismalari uzun soluklu calismalar olmakla birlikte, ilk sonuglar incelendiginde,
uygulamanin baslamis oldugu montaj hatlarindaki dizenli alanlarin hem c¢alisan personel hem de
fabrika ziyaretine biraktigi olumlu etki ve galisanlarda motivasyon artisi olarak gézlenmistir. Calisanlar
islerini daha dizgiin ve duzenli bir ortamda yapmaya basladikga gereksiz yasadiklari stres ve enerji
kaybindan da kurtulmaya baslamiglardir.
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OzZET

Gunimuzde, diinya fosil yakit kaynaklarinin hizla tikenmesi ve gevre kirliginin artmasina bagh olarak
fosil yakitli araglarin elektrikli araclar ile hizl bir sekilde yer dedistirmesi kaciniimaz hale gelmistir. Bu
degisimin ortaya cikardigi elektrikli arag bataryalarinin surekli doldurulmasi igin gereken altyapi
kapsaminda elektrik sarj istasyonlari kurulmus ve kurulmaya devam edilmektedir. Araglarin hareketli
olmasi ve dagitik yapida bulunmasi nedeniyle sistemin merkezi bir yapida yonetiimesi yerine
merkeziyetsiz bir yapida yonetilmesinin daha verimli ve etkin kullanima yol agacagi agiktir.

Bu galismada, kuguk Olgekli bir gcergevede elektrikli ara¢ sarj istasyonlarinca elektrikli araglarin sarji
sonucunda ortaya ¢ikan sarj suresi, tuketilen elektrik miktari (KW), édeme ve kullanici bilgileri gibi
verilerin blokzincir teknolojisi kullanilarak guvenli ve merkezi olmayan bir yapida nasil islenebileceginin
gosterilmesi amacglanmigtir.

Elektrikli ara¢ sarj sistemi kullanim bilgilerinin gtvenilir ve merkeziyetsiz bir sekilde depolanmasi iglemi
icin yapilan bu caligmada, blokzincir teknolojisi ile uzlagsma algoritmasi olarak Raft konsensus
algoritmasinin dzellestiriimis bir modeli tasarlanmigtir.

Anahtar Kelimeler: Blokzincir teknolojisi, uzlasma algoritmalari, yenilenebilir enerji, sifir emisyon
arabalar

ABSTRACT

Nowadays, due to the rapid depletion of world fossil fuel resources and increasing environmental
pollution, the rapid replacement of fossil fuel vehicles with electric vehicles has become inevitable.
Electric charging stations have been established and continue to be established within the scope of the
infrastructure required for the continuous charging of electric vehicle batteries resulting from this change.
Since the vehicles are mobile and have a distributed structure, it is clear that managing the system in a
decentralized structure instead of managing it in a central structure will lead to more efficient and
effective use.

In this study, it is aimed to show how data such as charging time, amount of electricity consumed (KW),
payment and user information resulting from the charging of electric vehicles by electric vehicle charging
stations in a small-scale framework can be processed in a secure and decentralized structure using
blockchain technology.

In this study, which was carried out for the reliable and decentralized storage of electric vehicle charging
system usage information, a customized model of the Raft consensus algorithm was designed as a
consensus algorithm with blockchain technology.

Keywords: Blockchain technology, consensus algorithms, renewable energy, zero-emission cars
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1 GIRIS

Teknolojinin hizla gelismesi ve bilginin esi benzeri gérilmemis bir hiz ve diizeyde paylasiimasi, dijital
verilerin iletimi ve depolanmasinda glivenlik ve verimliligi 6n plana ¢ikarmistir. Bu gelismelere bagh
olarak veri aligverisi geleneksel ve yerel yapilar yerine kiresel ve merkeziyetsiz yapilara ihtiyag
duymaya baglamigtir. Bu ihtiyaci karsilamak icin ginimuzde surekli olarak gelisen ve ¢ok sayida
uygulamanin gelistirildigi ve gelistirimeye devam eden en yeni ve en ileri teknolojik gelisme blokzincir
teknolojisidir. Bu yeni gelisen teknoloji yesil cevrenin korunmasi ve karbon ayak izinin azaltiimasinda da
o6nemli bir potansiyele sahiptir. Tum dinyanin azaltmaya ¢alistigi karbon ayak izininin disurilmesinde
hatri sayilir bir katki saglamasi beklenen teknolojik gelismelerden biri de elektrikli araglardir. Ancak, bu
yeni yeni kullaniimaya baslanan elektrikli arag teknolojisinin en énemli sorunlarindan biri de akdlerin
siklikla sarj edilmesidir. Ara¢g menziline gére degisiklik gosteren pil sarj ihtiyaci hali hazirda geleneksel
benzin istasyonlarindan farkli olarak mobil uygulamalar yardimiyla halka acgik sarj istasyonlari tarafindan
sa@lanmaktadir. Bu durum, elektrikli araglar tarafindan ihtiya¢ duyulan sarj isleminin dagitik ve kiresel
bir yapida kayit altina alinmasini zorunlu hale getirmektedir. Dagitik ve kiresel kayit ydnetimi ve igletimi
icin 6ne ¢ikan teknoloji, dagitik yapisi ve guvenlik 6zellikleri nedeniyle blokzincir teknolojisidir.

Blokzincir teknolojisi, anonim bir kisi veya bir grup arastirmaci tarafindan 2008 yilinda Bitcoin hakkinda
bir teknik incelemenin yayinlanmasiyla (esler arasi elektronik nakit sistemi) bagladi. Bu yeni teknoloji ile
birlikte kriptografik hash fonksiyonlari kullanlarak iki taraf arasinda glvenli ve merkeziyetsiz veri
alisverisi saglanabilmektedir. Bitcoin sistemini olusturan elektronik nakit sistem teknolojisinin
omurgasini, kriptografik islemler kullanilarak ¢o6zilebilen karma bulmaca ile islem dogrulamasini
saglayan s ispati (Proof of Work - PoW) konsensiis algoritmasi olusturmaktadir. Céziilmesi zor
kriptografik karma bulmacasi ile farkli alanlarda verilerin giivenli ve merkezi olmayan bir sekilde
depolanmasini ve aktarilmasini saglayan 6zelliklerinden dolayr PoW konsensis algoritmasi, alanda
calisan arastirmacilar ve kullanicilar arasinda en popular konsensus algoritmalarindan biri olmustur.
Nakit akisinda sadece eneriji tiketimi az dijital imza kullaniminin belirli avantajlari olsa da cifte harcama
sorunu blokzincir gibi bir teknoloji olmadan engellenememektedir. Bu soruna her ne kadar enerji tiketimi
dijital imzaya oranla daha yiksekte olsa ¢6zim olarak blokzincir teknolojisi énerilmistir. Blokzincir,
merkel agacinin olusturulmasinda kullandidi kripto hash yapisi ve sonrasindaki islemlerle verilerin
tekrarlanmasini ve degistirimesini engellemekte de etkili olmaktadir. Ayrica dijital imza ile galisan
blokzincir yapisinda, esler arasi elektronik nakit sistemi kullaniminin yayginlagsmasi ile insanlarin
parasal islemlerinde geleneksel bankacilik sistemine duydugu ihtiyagta azalacak ya da bitecektir [1].

Bununla birlikte, blokzincir sisteminin merkeziyetsiz yapisini bozmaya yonelik baz sistemler
olusturulmaya baglanmistir. Bunlardan biri madencilik havuzlari adi verilen kullanicilarin guglerini
birlestirerek tekel olusturduklar yapilardir. Guglerini birlestiren madenciler, kendi imkani ile islemleri
¢cb6zmeye calisan madencilerden daha kazanch oldugundan, kigik madenciler bir araya gelme
edlimindedirler. Bu vyapilar sayesinde havuz yoneticisinin havuzun faaliyetlerini blyuk d&lctde
yonlendirdigi merkeziyetci bir yapi olusturulmaktadir [2]. Filtreleme yontemi kullanilarak, bu tip kiresel
ve yerel olarak sinirli rasyonel olmayan aktorlerin varligini ortadan kaldirmak igin konsensis birligine
variimasi saglanabilir [3]. CHB-consensus ve CHBD-consensus algoritmalari da hash algoritmasina
dayali olarak gelistirilmistir. Bu protokoller, diiriist olmayan madencilerin blok olusturmak igin ek islem
glclne ihtiyag duymasini 6nleyerek merkeziyetsiz yapinin merkezi bir yapiya ddnmesine engel olur [4].
Bu konuda diger bir algoritma ise Yas Kaniti konsensts algoritmasidir. Bu algoritmanin temeli havuz
madenciligini caydirmak icin madencilerin blokzincirinin guvenligini korumaya ayirdiklar etkili
madencilik dénemlerini dlgmek icin kullanilan Calhsma Yasi (AoW) algoritmasina dayanmaktadir.
Madenci, bir blogu tamamlayamasa bile Yas Kaniti protokoliinden kazan¢ elde eder. Bu da havuza
katilimi azaltarak bireysel katihmi tesvik eder [5]. Bunu engellemek ve adil bir madencilik sirecinin
isletiimesini temin etmek igin algoritma gelistirme surecleri devam etmektedir.

Farkh is alanlarinda blokzincirin kullaniimasi durumunda, segilecek PoW zorluk seviyesi ve madenci
sayisI gibi parametreler hizmet kalitesi (QoS) gereksinimlerine gére ayarlanabilir [6]. Parametreleri
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ayarlayarak calisan bir diger algoritmada Faaliyet Kanit’'dan yararlanilarak olusturulan Catalsiz Hibrit
konsensus algoritmasi diger adiyla Esnek PoA’dir. Ayarlanabilir parametreleri sayesinde blokzincir
sisteminin verimliligini ve QoS’u arttirmaktadir [7]. QoS, verimlilik ve glivenililik kapsaminda PoW, PoS
gibi konsensis algoritmalarindan farkl olarak bir¢ok konsensus algoritmasi gelistiriimektedir [8, 9]. Bir
baska algoritma PoW zorluk seviyesini azaltarak islemi daha verimli olarak yapmay! amaglayan digital
imzada hash kriptolama yerine olasiliksal digital imza kullanan Kuantum Sonrasi is Kaniti (PQ-PoW)
algoritmasidir [10]. Yine PoW’un daha verimlisi olarak oOnerilen bir diger algoritma Green-PoW
algoritmasidir. Bu algoritma klasik PoW algoritmasi ile ile karsilastirildiginda madencilik sirasinda
kullanilan toplam enerjinin %50'sine kadar tasarruf saglayabilmektedir [11]. Blokzincir teknolojisi
hakkinda bugline kadar bircok calismaya ragmen blokzincirin faydalari hali hazirda tam olarak
anlasilamamigtir [12].

Blokzincirin kullanilabilecegi farkli alanlardan birisi de Nesnelerin interneti (IoT)’ dir. Bulut, Sis ve Kenar
yapisinda dolandiricilik, siber suglar ve artan dizenlemelerden dolayi kurulamayan guvenilir ittifaklar
enddstriyel blylme igin bir engel olusturmaktadir. Givenilir, daha esnek, daha hizl Grin yenilikleri,
musterilerle daha yakin baglar ve daha hizli 0T ve bulut bilisim teknolojisi entegrasyonunun timda
blokzincir teknolojisi ile mimkin olabilmektedir [13, 14]. Ancak IoT sistemlerinin islemci glgleri kisitl,
klasik PoW algoritmasinin iglemci glcu ihtiyaci ise 10T glctine kiyasla buyuktir. 10T cihazlarindaki bu
engeli gidermek icin ikiz Madenci (MinT) mimarisi ve loT ortamindaki diriist olmayan madencileri
tanimlamak igin de Davranis Kaniti (PoB) algoritmasi gelistirilmistir [15,16].

Olgeklenebilirlik, blokzincirin farkl alanlarda kullaniimasina engel olabilecek bir diger sorun alanidir.
Uretim, ag olusturma, islem sayisi, blok araligi siiresi, veri depolama ve iletim su anki dlgeklenebilirlik
sorunlari arasindadir [17]. Olgekleme sorunu iizerine yapilan ¢alismalardan bir tanesi pargalama tabanli
blokzincir SSChain konsensus algoritmasidir. Bu islemi ve durumu pargalamayi kolaylastiran benzersiz
bir yapidir. Digumlerin agi yeniden diizenlemeden pargalara katilmasini saglayarak veri tagima ek yUku
ihtiyacini ortadan kaldirir. Bu yaratici ¢6zim, blokzincir teknolojisinin dlgeklenebilirlik sorununu cézme
yolunda 6nemli bir adimdir [18]. Cikti ve gecikme slresiyle ilgili olgelenebilirlik sorununu ¢ézme
konusundaki bir diger calisma da HTNZ protokoludir. Blokzincir yapisindaki blok sisteminin
degistiriimesiyle dlceklendirmeye ¢6zim Uretmeyi amaclamaktadir [19]. Eski calismalara gére 20 kat
daha iyi merkeziyetsizlik ve mevcut bant genisligiyle dogrusal Olceklenebilirlik saglayan OHIE
protokoltide diger bir ¢6zim olabilir [20]. Bitcoin-Gelecek Nesil (NG), agin bozulmasina neden olmadan
Olgeklenebilirligi artiran dlgeklenebilir bir blokzincir protokoltdur [21].

Blokzincir sisteminde énemli bir yer tutan ve 6nemli bir pargasini olusturan guvenlik, merkezi olmayan
yonetim, agikhk, degismezlik, dagitilmis defter, esler arasi ag iletisimi ve geri dondurilemezlik dnemli
ozelliklerden baslicalaridir. Blokzincir teknolojisi, biiyik verilere bir standart saglar ve buylik miktarda
veriyi glvenli bir kriptografik katmanda guvenli bir sekilde depolayarak telif hakki formlarinin ve gizli
materyallerin korunmasini kolaylastirir [22]. Guvenlik igin gelistirilen protokollerden bir tanesi de
SPECTER protokoludir. SPECTER protokoli blokzincir sistemine islem gicinin %50'sine kadar
saldirlara dayanabilen glvenlik saglayabilmektedir [23]. Guvenlikle ilgili bir diger tehdit ise sistemin
dagitik yapisini bozmaya yonelik gelistirilen Uygulamaya Ozel Entegre Devre (ASIC) islemcilerdir. ASIC
PoW algoritmasinda kullanilan karma hash bulmacasini hizli bir sekilde ¢ézerek adil dagitik bir sistemi
bozmaktadir. Bunu engelemek igin bellek kullanimini zorunlu tutan paremetrelere sahip algoritmalar ile
ilgili calhismalar yapilmak olup kisisel guvenligi artiracak yontemler Uzerinde de arastirmalar devam
etmektedir [24, 25].

Bitcoin-NG gibi blokzincir teknolojileri, daha fazla madencilik yaparak kazanma sanslarini artirmak igin
mikro bloklari kasitli olarak gézden kacgiran karmasik madencilik saldirilarina kargi hassastir [26]. Bu
calismalara benzer diger bir calisma da bagdimsiz gu¢ sebekesi digumlerinin kontroliinde kullaniimasi
planlanan Optimal Gu¢ Akisinin Kaniti (PoOPF) protokoltdur. Bu protoklol, 6nceden giiven olmadiginda
bile sonraki yinelemeleri blokzincirinde guvenli bir sekilde depolayarak merkezi bir otorite gereksinimini
ortadan kaldirabilmektedir [27].
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2. BLOKZINCIR TEKNOLOJiSi VE UZLASMA ALGORITMALARI

Blokzincir teknolojisinin ana sorunlarindan biri konsensis algoritmalaridir. Cok sayida yayin,
blokzincirlere yonelik tehdit modellerinin nasil performans gosterdigini inceliyor. Bununla birlikte,
blokzincir performansi (zerinde etkisi olan ag istikrarina odaklanma eksikligi var gibi gorintyor.
KonsensuUs algoritmalari buydk dlgekli yazilim sistemleri igin ¢ok édnemlidir. Durum alani azaltma ve
ayristirma gibi stratejiler kullanilarak gelisgtirilen Raft konsenslis algoritmasi, belirsizligi ve tutarsiz
sunuculari en aza indirerek anlasilirligi artirmayr amaglamaktadir. Diego Ongaro ve John Ousterhout
tarafindan gelistirilen Raft, ayni varsayimlar g6z 6nline alindiginda Multi-Paxos ile ayni garantileri sunan

ancak sezgi odakli metodolojisi ve glivenlik kaniti sayesinde anlasiimasi daha kolay olan dagitiimis bir
fikir birligi algoritmasidir.

-
e
s
/

/
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Sekil 1. Raft uzlasma algoritmasina sahip sistem diyagrami

Raft, her dugumde c¢ogaltilmis bir defteri yonetmeye ydnelik bir fikir birligi algoritmasidir. Zamani, her
dénem bir segimle baslayacak sekilde, sinirli siireli dénemlere béler. Bir aday kazanirsa donemin geri
kalaninda lider olarak gorev yapacak. Bir takipginin belirli bir stire boyunca liderden haber alamamasi
durumunda aday haline geldigi strece lider segimi adi veriliyor. Normal operasyonda yalnizca bir lider
vardir ve tim islemler lider Gzerinden gegerek bunlari takipgi defterine blok girigleri olarak ekler [28].

Bu calismada elektrikli ara¢ sarj istasyonlar tarafindan dretilen sarj siresi, tuketilen elektrik (KW),
6deme ve kullanici bilgileri gibi verilerin glivenli ve merkezi olmayan bir ortamda nasil islenebilecegdini
gOsteren kiiguk olgekli bir gergevenin ortaya konulmasi amacglanmaktadir. Raft konsensiis algoritmasi
kullanilarak blokzincir teknolojisinin kullanildidi bir ydntem. Raft konsensus algoritmasina sahip dnerilen
elektrikli arag sarj istasyonlari sistem semasi Sekil 1'de gosterilmektedir. Birkag digium ve birkag takipgi

digim olabilir, ancak yalnizca bir lider ve bir lider adayi vardir. Lider adayi, zincirinde en gtincel bloklara
sahip olan takipgidir.

Tablo 1. Her islemde saklanan veriler.

Alan Tanim

Kullanici ID Hesap detaylar

Sarj Tarih&Saat Zaman muhra bilgileri
Tuketilen Elektrik Kullanilan KW miktari
Kullanici imzasi Dijital imza

Sarj Istasyonu ID Sarj istasyonu detaylari

Dugumlerden lidere yapilan islemin alanlari Tablo 1'de listelenmistir. Sistemdeki her dugim bir sarj
istasyonunu temsil eder ve sarj siresi, tiketilen elektrik (KW), 6deme, sarj istasyonu bilgisi ve kullanici
bilgileri gibi kullanici hesabi bilgileri Lidere islem verileri olarak gonderilir. Sistemdeki her digum lidere
tek bir islem gdénderiyor ve lider blok olusturup replikasini takipgisine/takipgilerine génderiyor.
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Sekil 2. Blokzincir'deki bloklarin yapisi

H hash fonksiyonu, kriptografik karma fonksiyonu temsil ederken, T1, T2, T3, T4, digimlerden lidere
génderilen iglemleri temsil eder. ilk blok, Genesis blogu olarak bilinir ve zincirde ilk sirada yer alir. Onceki
islemlerin karma degeri sifira sahiptir. Aga yayinlanmadan énce onun biri hash fonksiyonuyla kodlanan
binlerce islem kaydi tek bir blokta bulunabilir. Merkel agaci, islemleri son karma degerindeki karma
birikimleri olarak olusturmak igin kullanilir. Merkel agaglari, hash agdaclarina benzer ve Sekil 2'de
gOsterilen gibi islemler ikili agag biciminde depolama igin kullanilan veri yapilaridir.

4. BLO_K_ZiNCiR TEKNOLOJiSi KULLANILAN YENILENEBILIR ENERJi SARJ iSTASYONLARI
MIMARISI

Gelecegi parlak olan en blylk teknolojilerden biri siphesiz blokzincir teknolojisidir. Kripto para birimi
Bitcoin, blokzincir teknolojisinin ilk kullanimi olsa da, hikimet ve is sektdrleri de bu teknolojinin diger
kullanimlariyla ilgilenmeye bagsladi. Forum for Economic Forum'un 2015 yilinda yaptigi bir arastirmaya
gore, 2027 yilina kadar diinya GSYiH'sinin %10'u blokzincir'de depolanacak.

Elektrikli otomobillerin kullanimi giinimiz sektérinun trend konularindan biridir. Yenilenebilir eneriji
sistemlerindeki gelismelerle birlikte elektrikli arabalar daha fazla karbonsuz ve yesil cevrelerin
olusmasini saglayabilir. Bu nedenle kamuya ait yenilenebilir enerji sarj istasyonlarinin kullaniimasi
ihtiyaci biylk ilgi gorecektir. Bu galismada, kamuya ait yenilenebilir enerji sarj istasyonlarinin merkezi
olmayan yodnetiminin, yeni gelistirilen blokzincir teknolojisi ile ¢ézilmesi amaglanmaktadir. Sekil 3'te
gOsterildigi gibi sarj istasyonlari, lider, lider adayi veya birkag¢ takipgi gibi ¢esitli digtimlerden olusan
Onerilen sistemin mimarisi.
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Internet WLAN/WAN

Diigiim 1 Diigiim i

Sarj Istasyonu

Sekil 3. Blokzincir'de elektrikli ara¢ sarj sistem mimarisi

Elektrikli araglarin  sarj istasyonlarina randevulari mobil uygulama vyazilimi kullanilarak
yonetilebilmektedir. Dogrulanan planlamaya goére sarj istasyonlarinin kullanicilarinin  bunlari
kullanmasina izin verilebilir ve tamamlanan sarj islemleri her digum tarafindan lidere gonderilir. Lider
tarafindan olusturulan bloklarin kopyasi Raft algoritmasina gére aday lider/takipgiler ile paylasilir.

5. SONUG VE DEGERLENDIRME

Bu galismada, elektrikli arag sarj sisteminin verimli, etkili ve giivenli calismasinda blokzincir teknolojisinin
uygulanmasina érnek teskil edecek bir sistem tasarimi yapilmistir. Kullanilan RAFT algoritmasi, enerji
tiketimi ve donanim gereksinimlerinde diger konsensus algoritmalarina (PoW ve PoS algoritmalari)
gore daha dusuk olmasi ve elektrikli ara¢ sarj sistemi icin yapisal olarak en hizli uzlagmayi saglamasi
nedeniyle secilmistir. Bu sistemin blokzincir tarafindan mimkun kilinan merkezi olmayan, uyarlanabilir
yapisl, yeni garj istasyonlari ve merkezlerinin eklenmesini kolaylastiracaktir. Ayrica énerilen sistemin
kesintisiz ve guvenilir devamliligi da saglanmis olacaktir. Kuskusuz, yakin gelecekte bu tur arastirmalar
daha da artacak ve blokzincir teknolojisinin bu alanda énemli yeni gelismelere yol acacagi agiktir.
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OzZET

Hucresel Uretim, bir Uretim sisteminin bagimsiz alt sistemlere ayriimasi ve alt sistemlerin etkin
calismasiyla genel sisteme hizli uyum saglamasidir. Bu galisma, hazir giyim sektoriindeki isletmeler igin
bir hicresel Uretim modeli sunar. Hazir giyim Ureten bir isletmede dokuz farkli Grinin Gretim sireci
incelenmis ve makine ve iiriin ailesi gruplari olusturulmustur. Onerilen hiicresel yapi, gruplama etkinligi,
makine kullanim orani ve hicreler arasi akis etkinligi gibi faktorlerle degerlendirilmigtir.

Anahtar Kelimeler: Hicresel imalat, tekstil atdlyesi, grup teknolojisi
ABSTRACT

Cellular production is the separation of a production system into independent subsystems and the rapid
adaptation of the subsystems to the overall system through effective operation. This study presents a
cellular production model for businesses in the garment industry. The production process of nine
different products in a company producing clothes was examined and machine and product family
groups were created. The proposed cellular structure was evaluated by factors such as grouping
efficiency, machine utilization rate, and intercellular flow efficiency.

Keywords: Cellular manufacturing, textile workshop, group technology
1 GIRIS

Tekstil sektdriindeki rekabet, disuk maliyetli ve yuksek kaliteli urlinlerin hizli teslimatini gerektirir. Bu
ylzden, isletmeler, daha esnek, etkin ve verimli Uretim sistemleri kullanmalidir. Uretim sistemleri, belirli
bir miktar ve gesitteki girdi Gzerinde ekonomik deger katacak islemleri gergeklestirmek icin malzeme,
makine, insan, metot ve gevre unsurlarini iceren sistemlerdir. Bu sistemlerin ¢iktilari yari mamul veya
mamul Griinlerdir. Uretim sistemleri genellikle surekli, atdlye, proje ve hiicresel imalat olmak (izere dért
gruba ayrilir. Bu sistemlerin farkli 6zellikleri, makine ve Urun gesgitleri, proses tasarimi, hazirlik siresi,
stok seviyeleri ve termin sireleri gibi alanlarda goéralir.

Grup teknolojisinin kullanildigi bir atélye, Gretim hdcrelerinden olusur. Her bir dretim hicresi, benzer
Uretim ve sekil 6zelliklerine sahip parcalarin tretildigi klicuk sistemlerdir. Bu hiicrelerde, gesitli sayilarda
ve farkli tiplerde makineler ile malzeme iletim elemanlari bulunur. Bu sayede benzer igleri yapan Uretim
tezgahlan farkli hicrelere dagitilabilir. Hicresel imalatin ana motivasyonu, etkin ve kolayca kontrol
edilebilen kiiglk bir sistemin avantajlarinin blylk bir sisteme aktariimasidir.

Tlketicilerin artan ihtiyacglari, Ureticilerin her giin yeni Urlnler eklemesiyle Gretim ortaminda karmasik
rotalar, artan proses igi stoklar, dengesiz makine kullanimi ve sik ayar gereksinimi gibi sorunlar ortaya
ctkmistir. Grup teknolojisi (GT), bu sorunlar azaltarak Uretim sirecini basitlestirir ve esneklik ile
verimliligi artirir. Hiicresel imalat, kiguk ve etkin sistemlerin avantajlarini blyuk sistemlere tasir. Ancak,
gecis slrecinde is¢i direnci ve ekipman sorunlari gibi zorluklarla karsilasilabilir. Bu ¢alismada, derece
siralama ve kimeleme algoritmasi incelenmis, bir tekstil atélyesindeki veriler kullanilarak huicreler
olusturulmus ve bu hicrelerin etkinligi test edilmistir.
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2. METODOLOJi

Grup teknolojisi ve hiicresel imalat yapilandirma c¢alismalarinda, tim pargalar énce parga ailelerine
gruplanir, ardindan makineler gruplanarak imalat hicreleri olusturulur. Hlcresel imalat sistemlerinin
tasariminda, tim Uretim sisteminin hicrelere bélinmesi en dnemli problemdir. Makinelerin sayisi, tipi,
kapasiteleri, Uretilecek pargalarin tipi, sayisi ve her bir parga igin rota bilgileri bilindiginde, hangi
makinelerin ve onlarla iligkili pargalarin hicreleri olusturmak igin birlikte gruplanacag: [1].

2.1. Derece Siralama ve Kiimeleme (ROC) Yontemi:

Hucre olusturma uygulamalarinda en sik kullanilan yéntemlerden biri, derece siralama ve kiimeleme
(ROC) algoritmasidir. Bu algoritma King [2] tarafindan gelistiriimistir ve asagidaki adimlari izler:
Adim 1. ilk olarak, n parca sayisi ve m makine sayisi olmak iizere n*m boyutunda bir makine-
parga iliskisi ikili matrisi (b_ij) olusturulur.
Adim 2. Her satirin derecesi )i, bi]- * 27 islemiyle hesaplanir.
Adim 3. Hesaplanan satir dereceleri azalan sekilde siralanir.

Adim 4. Her siitunun derecesi siitunun Z]-“zl bj; * 2" liglemiyle hesaplanir.

Adim 5. Hesaplanan situn dereceleri azalan sekilde siralanir.
Adim 6. Adm 3 ve 5'te farklihk varsa, Adim 2'ye donudlir. Farkhlik olmadiginda, algoritma
durdurulur.
Bu adimlar sonucunda olusan késegen Uzerindeki bloklar, hiicreleri olusturur.

3. UYGULAMA VE BULGULAR

Uygulama, askeri giyim uUrunleri UGreten bir fabrikada gerceklestirilmistir. Fabrika, yiksek miktarlarda
siparis almasindan, 6zel ve genel amacli makinelerin kullaniimasina, kalifiye olmayan isgiclyle Uretime
kadar cesitli zorluklarla karsi karsiyadir. Firmanin Uretim sistemi, makinelerin atdlye tipi yerlestirildigi bir
yaplyl benimsemektedir. Uygulamanin amaci, parca ailelerini belirlemek ve dretilen tranlerin son halini
alana kadar gegtikleri islemleri g6z 6ntinde bulundurarak verimliligi artirmaktir. Bu dogrultuda, hicrelere
atanacak parga ve makinelerin belirlenmesi igin fabrikadaki Gretim slreci detayl bir sekilde incelenmis,
operasyonlar tanimlanmis, montaj asamalari gézlemlenmis ve operasyonlarin hangi makinelerde
gerceklestirildigi belirlenmistir. Uygulama igin ele alinan urdnler, 9 farkh gruba ayrilmis ve bu gruplar
Tablo 1'de listelenmisgtir.

Tablo 1: Uriin gruplari ve kodlari

Kodu: P1 P2 P3 P4 P5 P6 P7 P8 P9
Uriin: Harici Kayik Egitimelb. Egt.elb. Egt. elb. Haricielb. Har.elb. Rizgar Takviyeli
sapka kep ceket pantolon  sapka Pantolon ceket ceketi gocuk

Urinlerin her birinde farkli beden gesitleri vardir ayni zamanda farkli kumaslar da s6z konusudur.
3.1. Hicrelerin olusturulmasi

Firmada, 6zel amagh (6rnegin, sadece harici elbise pantolonlarinda kullanilan biye makinesi gibi) ve
genel amacl (6rnegin, duz dikis makinesi gibi) toplamda 33 c¢esit tekstil makinesi tespit edilmistir.
Yalnizca belirli bir Grinde kullanilan 6zel amagli makineler, her durumda Urtinle ayni hiicreye girmesi
gerektidi icin ve butin Urtnlerde kullanilan diz dikis makinesi her hiicrede ve birden fazla olmasi
gerektigi icin, islemlerde gereksiz adimlarin ve karmasikhdin énlenmesi amaciyla listeden gikariimigtir.
Bu dlizenleme sonucunda makine sayisi 18'e diismustiir. incelenen (retim siirecinde, pargalarin iglem
go6rdugu makineler belirlenmigstir. Parga bir makinede islem gértyorsa "1" olarak isaretlenmis, aksi halde
"0" olarak belirlenmis ve olusturulan parga-makine matrisi Tablo 2'de sunulmustur.
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Tablo 2: Parga-Makine 0-1 Matrisi
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3.2. Derece Siralama ve Kiimeleme (ROC) Yonteminin Uygulanmasi

Bolim 2.1'de agiklanan derece siralama ve kimeleme yodnteminin (ROC) adimlari, Tablo 3'e
uygulandiinda ilk olarak Tablo 3'de sunulan iki htcreli yerlesim duizeni elde edilmigtir. Bu
dizenlemeyle, istisnai eleman sayisi 20, darbodaz parga sayisi 7 (P2, P3, P4, P5, P6, P8 ve P9),
darbogaz makine sayisi ise 15 (M4, M8 ve M9 haricindeki makineler) adettir.

Tablo 3: ROC Yontemi Sonucu
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Hucreleme ydntemlerinden sonra hicre igindeki bogsluklari gidermek icin satir ve situn islemleri
uygulanabilir. Bu amagla, M2 satirinda "1" olan elemanlar 2. hicrenin i¢cine kaydiriimig, M5 satiri ise
altina, P8 sutunu ise P2'nin sadina kaydiriimistir. Sonug olarak, Tablo 4'te gosterilen blok-kdsegen
matrisi elde edilmistir. Bu diizenlemeyle, istisnai eleman sayisi 13'e, darbogaz parga sayisi 7'ye ve
darbogaz makine sayisi 11'e dismustir (Tablo 4).
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Tablo 4: ROC Yoénteminin Bosluklar Giderilmis Hali
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Makinelerin hicreler igindeki konumlandiriimasi, hangi makinelerin hangi hiicrede bulunacagi ve hangi
artin ailelerinin hangi hticrede Uretilecedinin belirlenmesinin ardindan gergeklestirilir. Bu islem, hiicre
icinde Uretilecek uUrlnlerin akis yoninde surekli bir akis saglayacak sekilde diizenlenir. Bu dizenleme,
parca tasima maliyetlerini minimize etmek ve ters yonli parga tasima gereksinimlerini azaltmak igin

yapilir.

5. SONUC VE TARTISMA

Bu calismada, tekstil atélyesinde hicresel imalatin uygulanabilirlidi test edilmis ve bunun i¢cin ROC
yontemi kullanilmigtir. Arastirma sonucunda, 9 ¢esit Urln i¢in 2 Uretim hlcresi elde edilmigtir. ROC
yontemiyle elde edilen 2 hucreli sistemde hicre i¢i bosluklar ve istisnai elemanlar s6z konusudur.
Bunlarin sayisini azaltici bir iyilestirme uygulanmali ve en ideal hicresel yapi olusturulmalidir. Bunun
yaninda, hicrelerin bireysel performansi "Kapsamli Gruplama Etkinligi" (CGE) formulayle dl¢ulebilir, Bu
yontemle, hiicreler, olusturulan hiicresel yapinin performansi, makine kullanim orani, hiicreler arasi akis
etkinligi, hicrelerin kullanim orani, esneklik gibi cesitli agilardan degerlendirilir. Hicre boyutunu
ayarlamak iginse seyreklik, etkinlik ve verimlilik endeksleri hesaplanmalidir.

Bir uygulamada, hiicre olusturulduktan sonra yapilmasi gereken islem, makinelerin hiicre igindeki
yerlesimidir. Makine yerlesimi, surekli akisi saglayacak sekilde dizenlenmelidir. Bu dizilim, ters yonde
parca tagsimalarini ve hucreler arasi parca tasima maliyetlerini en aza indirecek sekilde yapilmalidir.
Ancak, bu konu calismanin kapsami digindadir. Daha sonraki ¢alismalarda maliyet degiskenini konu
alan arastirmalar yapilabilir.

Hucresel Uretim sistemi, nitelikli isgliciinU gerektirir. Bu nedenle, hizmet ici teorik ve uygulamali egitim
programlari dizenlenmeli ve is rotasyonuyla isgéren esnekligi saglanmalidir.

Hucresel imalat sistemini uygulayan bir hazir giyim Uretim isletmesi esnek ve dinamik bir yapiya
kavusabilir, yerel pazardaki degisime ayak uydurabilir, musteri taleplerine hizli cevap verebilir, farkli
cesitteki urunleri kolaylikla Uretebilir, zaman kayiplarini azaltarak uretim maliyetlerini dusurebilir ve
isletme kaynaklarini daha etkin kullanabilir.
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OzZET

Bu bilimsel iletisim, yazarin ekolojide nanoteknoloji alanindaki arastirmasini sunar. NEMS'in
yaratiimasindaki egilimler, nanokompozitlerin ekolojide uygulanmasi ve bunlarla ilgili egitim
tanimlanmistir. "Ekoloji ve makul ¢evre" alaninda nanoteknolojilerin gelistiriimesindeki bakis agilari ve
riskler belirtiimistir.

Anahtar Kelimeler: Ekoloji, nano teknoloji, NEMS

ABSTRACT

This scientific communication presents the author's research in the field of nanotechnology in ecology.
The trends in the creation of NEMS, the application of nanocomposites in ecology and the training on
them are defined. Perspectives and risks in the development of nanotechnologies in the field of "Ecology
and reasonable environment" are stated.

Keywords: ecology, hanotechnology, NEMS

1 GIRIS

Nanoteknolojinin son derece dinamik ve yenilik¢i ortaminda ve yeni uygulamalara yénelik strekli artan
talepte, bu bilimsel iletisim, yazarin konuyla ilgili arastirmasini sunmaktadir. Nanomalzemelerin,
teknolojilerin ve NEMS'in (NanoElektroMekanik Sistemler) geligtiriimesi, ekolojide MEMS'in
(MikroElektroMekanik Sistemler) dogal bir uzantisidir [1]. Su anda NEMS'e dénuguyorlar. MEMS'in
evriminin bir sonucu olarak, sistemlerin mekanik bilesenlerinde nano boyuta bir azalma olur, etkilesim
parametrelerindeki kitleleri ve degerleri azalir ve rezonans frekanslari artar, bu da islevselliklerinde
6nemli bir artis anlamina gelir.

Nanoteknolojinin durumu ile ilgili arastirmalar yillar iginde yayinlanmistir [2, 3, 4]. Nanoteknolojide,
nanonesneler (nanoelementler) ve nanomalzemeler, hem nanoteknoloji hem de malzemelerin
fonksiyonel parametreleri ile ayirt edilir, ancak ¢ogu zaman bu bélinme ikili bir yapiya sahiptir.
Nanomalzemelerin tirlerine, teknoloji tirlerine ve Uretim ve arastirma yontemlerine gore alt bélimlere
ayrilmasi [5]'te verilmigtir. Nanoteknolojinin uygulama alanlari da bu kaynakta temsil edilmektedir ve
burada "Cevre, mihendislik ve izleme, yazilim gelistirme" sliphesiz dismektedir.
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2. MARUZ KALMA.

Su anda, NEMS'in yaratiimasindaki 2 egilim ayirt edilebilir,. MEMS'in boyutunun kigultiimesi ve
molekiiler bilesiklere dayali temelde yeni cihazlar gelistiriimesi. ik yaklasim, elektronik litografi, iyon
asindirma ve digerleri gibi uygulamali teknolojik sireglerin sinirli ¢é6ziminden kaynaklanan zorluklarla
ilgilidir. ikinci yaklasima gére, taramali prob mikroskoplarinda, nano élceklerde, nanoaktiiatérlerde ve
sensorlerde igne (konsol) olarak kullanilan salinim frekansi 10 GHZ'in izerinde olan nanorezonatorler
gelistiriimektedir. Bu yaklasimin pratikligi, NEMS'in dusuk enerji tiketimi, piezo veya elektrostatik etkinin
uygulanmasi ve elektriksel, termal veya kimyasal bir sekilde enerji temini ile de dogrulanmaktadir.

Nanomalzemeler ve teknolojilerin incelenmesi asagdidaki kaynaklarda [6, 7, 8, 9, 10] ve 6zellikle silikon
bazli nanokompozitlerin ekoloji ve enerjide uygulanmasi - [11, 12] 'de yayinlanmistir. Nanokompozitler
hakkinda bir egitim [13]'te sunulmustur.

3. SONUG.

"Ekoloji ve makul bir cevre" alaninda nanoteknoloijilerin gelistiriimesinde beklentiler ve riskler: Ekosferin
molekiler sanitasyon robotlari ile doygunlugu pahasina, insan faaliyetlerinden kaynaklanan atiklarin
hammaddeye doénustirilmesi pahasina, ayrica sanayi ve tarimin atiksiz nanoteknolojik yéntemlerle
yeniden silahlanmasi pahasina bu alanda niteliksel bir sigrama beklenebilir. Mantiksal nanoelementlerin
cevrenin niteliklerinde uygulanmasi, ikincisi "makul” ve kisi igin daha rahat hale gelecektir.
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OzZET

Gunimulzde iklim degisiklikleri ve yerkiire sicakli§i kiresel ¢apta yogunlasmaktadir ve bu olumsuz
durumun etkileri Gzerine hem bilim hem pratik alanda engelleyici ¢alismalarin sayisi artmaktadir. Bu
durumun ana sorumlusu olan Cin, Amerika, Hindistan ve Avrupa Ulkeleri emisyonun c¢ogunu
olusturmaktadir. Paris iklim Anlagsmasi ya da Kyoto Protokolii gibi deklarasyonlar emisyon siralamasina
paralel olarak yukumlulik sart kogsmalidir. Bu baglamda ¢alismamizda literatirde siklikla kullanilan tg
girdi ve bir ¢ikti ele alinarak Uyarlamali A§ Tabanl Bulanik Cikarim Sistemi (ANFIS) ile Turkiye igin
2025-2027-2030 yillari coz emisyonu tahminlenmektedir. Ayni tanminleme OECD geneli, ABD ve CIiN
icin de yapilmistir. Sonrasinda rakamlar kiyaslanarak mevcut emisyon Uretim yogunluguna gore Ulke-
bélge bazli grafigi ortaya konmustur. Bu grafige gére diinya ortalamasinin ¢ok altinda emisyona sahip
olan Tirkiye gibi Glkelerin ¢gok ylksek emisyona sahip Ulkeler ile ayni sartlara tabi olmamalari gerektigi
ortaya konmustur.

Anahtar Kelimeler: CO2 Emisyonu, Tahminleme, ANFIS, OECD.

1. GIRIS

Ginudmuzde sanayilesme en hizli ddnemini gegirmektedir. Bu durum buyuk bir fosil yakit (FY) tiketimini
beraberinde getirmektedir. Uluslararasi Enerji Ajansi (UEA) gibi enerji politikasi olusturan kurumlarin
yenilenebilir enerji kaynaklarina (YEK) yonlendirme ¢agrisina olumlu yanitlar artmasina ragmen ¢ogu
fosil kaynakli olan CO2 emisyon orani azalmamaktadir. Aksine artis devam etmektedir. Bu artisa bagh
olarak yuizey sicakhdi da artmaya devam etmektedir. Bu artis Sekil 1°deki grafikte gosterilmektedir.

CO, Emisyonu (milyar ton) 2022

pUNYA | (37,15 mt)

35 milyar t
30 milyar t
25 milyar t
20 milyar t
15 milyar t
OECD (11,77 mt)
10 milyar t CIN (11,40 mt)

" AVRUPA  |(5,11mt)
5 milyar t ABD (5,06 mt)
v HINDISTAN |(2,83 mt)

0t —- TURKIYE  [(0,43 mt)
1750 1800 1850 1900 1950 2000 2022 Yillar

Sekil 1. 1750-2022 Dinya CO2 Emisyonlari [1]
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Sekil 1°de goruldigu gibi 18. yy’dan itibaren 20.yy’in baglarina kadar CO2 emisyonunda fazla bir artis
mevcut degildir. Ancak endustrilesmenin henliz basladi§i ve hizla yikseldigi 19.yy’da ylizyllda emisyon
miktari olanca hiziyla artmistir. Mevcut endustrilesmenin emisyonlari artirmasinin asil sebebi
cogunlukla kémir, petrol ve dogal gaz gibi fosil yakitlari kullaniyor olmasidir. Bu baglamda Sekil 2 diinya
genelinde elektrik tGretiminden salinan CO2 miktarlarini FY-YEK kaynaklarina gore gostermektedir.

Elektrik Uretimi (7TWh)
2022 Diger RES
25‘000 TWh unwvm-smicin
M Diger RES 96.80 TWh
M Biyoenerji 67511 TWh Riizear
% f=}
20,000 TWh il bl Hidroelektrik
M Hidroelektrik  4,288.59 TWh Niikleer
M Niikleer 2,632.03 TWh [’ 't [
15‘000 TWh M Petrol 904.15TWh ; L_ 9 S,
M Dogal Gaz 6,443.60 TWh I)()}.’,EII Gaz
W Kémiir 10,212.22 TWh
10'000 TWh TOPLAM 28,660.98 TWh
5,000 TWh Komiir
O0TWh ! ; ' ' \
1985 1990 1995 2000 2005 2010 2015 2022 Yillar

Sekil 2. 1785-2022 Kaynaklara Gore Diinya Elektrik Uretimi igin CO2 Emisyonlari [2]

Sekil 2'de gérildigu gibi FY, elektrik Gretiminde toplam kaynadin %61,27’sine denk gelmektedir. Bu
oran yuksek bir miktari ifade etmektedir. Bugiin diinyada kiresel sicakhgi tetikleyen ve iklimi bozan bu
emisyon artisini engellemek ve azaltmak Gzere UEA gibi kurumlar ¢agrida bulunmaktadir. Turkiye’nin
de taraf oldugu 2009’da imzalanan Kyoto Protokoli'ne 144 iilke [3] ve 2016’da imzalanan Paris iklim
Anlasmasr’na 175 llke imza atmistir [4]. Bununla beraber bu protokol metinlerinde katilimci tim Ulkelere
ortak bir cagri vardir ve emisyon miktari daha yuksek ulkeler ile disuk Ulkeler ayni sartlara tabidir. Bu
durum (lkelerin kadiramayacag! bir yukimlultgu sart kosmaktadir. Ornek olarak Sekil 1’e gére OECD
ulkeri CO2 emisyonu 11,77 mt iken OECD {lkeleri iginden olan Tirkiye’nin toplam CO2 emisyonu 0,43
mt'dur. Bu emisyonun ¢ogunu olusturan ulkeler daha fazla yukidmlulik altina girmek durumundadir.
Bagska bir érnek olarak ABD ve CIN toplamda diinya emisyonunun yarisini olusturdiklari igin mevcut
yukumluligun yarisini almalari gerekir.

Calismamiz lilkelerin emisyonu azaltmada izlenecek yol igin bir dneri niteligindedir. Olusturulan emisyon
miktari kadar yOkumlaligu éngoérmektedir. Bu baglamda Turkiye icin 2023-25-30 emisyon tahminleri
yapmakta ve bu sonuglari OECD, ABD ve CIN gelecek projeksiyonu ile kiyaslamaktadir. Bu islemi
yaparken literatirden segilen G¢ girdi ve bir ¢ikti kullanilarak ANFIS ile tahminleme yapilmigtir. Sonug
olarak gelecekte de emisyon miktarlari benzer oldugundan protokol yukimlaltklerinin bu miktarlara gére
belirlenmesi gerektigi ortaya konmustur.

2. LITERATUR TARAMASI

Literatirde calismamiza benzer olarak ANFIS ya da yapay sinir aglar (YSA) ile yapilan emisyon
tahminleme g¢alismalari yer almaktadir. Rodrigues vd. 2009 yilinda yayinladiklari ¢alismada NA ve GH
verilerinin 37 yillk bilgisini girdi, CO2 verilerinin 37 yillik bilgilerini ise ¢ikti olarak kullanarak ANFIS ile
Brazilya igin CO2 ET yapmistir. Mardani vd. 2019 yilinda yayinladiklari calismada YE tuketimi ile CO2
emisyonu arasindaki iligskiyi incelemek icin G8+5 Ulkelerinin CO2 emisyonlarini tahminlemistir.
Tahminleme isleminde YE tuketimi, CO2 emisyonu ve ekonomik gelisim girdi olarak ele alinirken CO2
emisyonu c¢ikti olarak ele alinmistir. Jena vd. 2021 yilinda yayinladiklari ¢alismada 17 Ulkeyi emisyon
salinimlarina gére siniflandirmis ve ANFIS ile gelecek tahminlemesinde bulunmustur. NA, GH verilerini
girdi olarak ele alirken CO02 verilerini ¢ikti olarak ele almigtir. Ulkelerin mevcut ve gelecek emisyon
seviyelerine goére protokol metinlerine uyma durumlarini incelemistir.
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Yazar(lar) Yil Uygulama* Metod**
Auffhammer ve Carson [5] 2008 Cin- CO2 ET CKE Test
Rodrigues vd. [6] 2009 Brazilya- CO2 ET ANFIS
Lid. [7] 2010 CIN CO2 ET YSA
Arouri vd. [8] 2012 MENA CO; ET CKE Test
Yuan vd. [9] 2014 CIN CO2 ET CKE Test
Bozkurt ve Okumus [10] 2015 Tarkiye CO2 ET CKE Test
Appiah vd. [11] 2018 CIN CO2 ET YSA
Khan ve Khan [12] 2019 Pakistan CO2 ET ANFIS & YSA
Mardani vd. [13] 2019 G5+8 CO2 ET ANFIS & CKE
Jena et al. [15] 2021 17 Ulke CO2 ET YSA
Abdullah and Pauzi [16] 2021 CO2ET ANFIS
Mutascu [17] 2022 ABD CO2 ET YSA

*ET: Emisyon Tahmini

**CKE: Cevresel Kuznets Egrisi

Tablo 2. Literaturdeki Girdi ve Cikti Kullanimi

Girdiler* Ciktr**

vazar(lar) NA [GH [EF |[EK [SC |TA | CO,
Auffhammer ve Carson [5] \
Rodrigues vd. [6] \ \ \
Lid. [7] \ \
Arouri vd. [8] v \ \
Yuan vd. [9] \ \ \
Bozkurt ve Okumus [10] \ \ \ \ \
Appiah vd. [11] \ \ \ \ \
Khan ve Khan [12] \ \ \
Mardani vd. [13] \ \ \
Jena vd. [15] \ \ \ \
Abdullah ve Pauzi [16] \ \ \
Mutascu [17] \ \
TOPLAM 5 8 0 8 1 3 12

*NA: Nifus Artisi, GH: Gayri Safi Yurtigi Hasila, EF: Enerji Fiyatlari, EK: Enerji Kullanimi, SC: Sicaklik, TA: Ticari Agiklik.

**CO2: CO2 Emisyonu

Literatr taramasi belirtildikten sonra g¢alismanin ve uygulamanin metodolojisi asagdidaki bdlimde

anlatiimaktadir.

3. METODOLOJi

Bu baslik altinda hem uygulamanin hem de galismanin metodolojisi anlatiimaktadir.

3.1. Calismanin Metodolojisi

Calismamiz yukarida belirtildigi gibi bir tahminleme uygulamasindan olugsmaktadir. Tahmin sonuglarini
uluslararasi enerji politikasi belirleyen Kyoto Protokoli’ni ve Paris Anlasmasi’'ni analiz etmek igin

kullanmaktadir.

Tahminleme uygulamasinda Tablo 2’deki literatirde en yodun kullanilan G¢ girdi ile bir ¢iktt ANFIS
metoduyla kullaniimistir. 2023-25-30 tahminleri ortaya konmustur. Bu sonuglara gore protokollerin
analizi yapiimistir. Bu metodolojiyi gosteren is akisi Sekil 3'te gosteriimektedir.
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Belirlenen Qil'di
ve Ciktiva Iliskin
Veri Topla

Literatiirden 3 Girdi
ve 1 Cikt1 Belirle

A}.FIS ile Tahminle

e

KYO_TO Protokolii ve
PARIS Antlasmasi
Yiikiimliiliiklerini Belirle

OECD, ABD, CIN ve
Tiirkiye Mevcut CO,
Emisyonlarin Belirle

OECD, ABD, CiN ve
Tiirkiye Gelecek CO,
Emisyonlarmni Tahminle

Protokoller Yeterli
ETKI saglayamiyor!

Protu}m]ler Yeterli
ETKI saghyor!

1_'

Sonuclara Gire
a

Diger
Ulkeler
Emisyon
Artis Oram
Fazla?

Ulkelerin Emisyon
Arfis Oranlarmi Kiyasl

Sekil 3. Calismanin Metodolojik Akig Diyagrami

Sekil 3'te gosterilen calismaya uygun olarak ortaya koyacagimiz c¢alismaninin uygulama kisminin

metodolojisi de asagidaki baslik altinda anlatiimigstir.

3.2. Uygulamanin Metodolojisi

ANFIS, bulanik mantikla YSA’nin entegrasyonundan olusmaktadir. Giris bilgileri tiyelik fonksiyonu ile
ifade edilmektedir. Ayni zamanda ileri-geri besleme ve hata dizeltme yéntemleri ile YSA'nin dzelliklerini
kullanmaktadir. Bu sekilde saglam ve %90 oraninda dogruluga sahip bir yapisi vardir [18]. ANFIS

modelinin katmanli yapisi Sekil 4'te gdsteriimektedir.

Katman 1 Katman 2 Katman3 Katmand Katman5
X y
(i) |
Lol N N\ W /7 \ W
- AL A1 /) N  — \j_f; r—
// \ / .‘\\ ’/, o ~ \A/ v \
X ',\’(I,‘ /’;Y‘\ / f
, N 7~ \ W s % 7
. I/ i M — N =  Wafy
A [,l /\ /] W ¢ ]/ W
_~ / N N
y < / (i
™~ 3, / B 4

Sekil 4. ANFIS Modelinin Katmanli Yapisi [19].
ANFIS slrecindeki matematiksel islemleri agsagida maddelenmistir [13]:

Katman 1: Girdilerin tyelik dereceleri belirtiimektedir:
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o} = g, (), i=1,2, ... (1)

Uyelik dereceleri diisiik, orta, yiksek derecededir. Uyelik fonskiyonlarina ait grafik can egrisi seklinde
gosterilebilir:

1

P, (x) = W (2)
Katman 2: Veriler bulaniklastirma slrecine sokulur ve birbiri ile baginti olusturur:

0F = Wi = g, (X) % 5, (), i = 1,2, . ©)
Katman 3: “w;” degerleri normalize edilir.

0 =0 = ,i=1,2,.. 4)

n o
Zi=1 Wi

Katman 4: Durulastirmadan énceki katmandir. Normallestirilen kurallar, ¢ikti islevlerinin katkisini alir.

of = &if; = wy(pix + qiy +1y) (5)
Burada;

w; : Katman 3 ¢iktisi

P, qu i En kiiglk kareler ydontemiyle hesaplanan bu degerler soncul parametreler

olarak belirtilir.
Katman 5: Tum c¢ikti toplami hesaplanir:
o} = Loif; (6)

Matematik surecleri yukaridaki maddelerde belirtlen ANFIS vyapisinin isleyisi Tablo 3'te
gosterilmektedir.

Tablo 3. ANFIS Modelinin isleyisi [20]

iILERI BESLEME GERI BESLEME
ONCUL PARAMETRELER Sabit Gradyan inisi
FINAL PARAMETRELER En Kiiglk Kareler Sabit
SINYAL Dugum Ciktilar Hata Sinyali

ANFIS modelinde Gyelik fonksiyon sayisi “n”, girdi sayisi “x” ve kural sayisi “y” ise:

y =n* (7)
olarak ifade edilir.

4. UYGULAMA

Uygulamamiz temelde Paris iklim Antlasmasi ve Kyoto Protokolii’niin iilkelere yiikledigi sorumluluklarin
uygunlugunu arastirmaktadir. Bu baglamda ele aldigi Glke Turkiye, topluluk ise OECD’dir. Turkiye’nin

icinde bulundugu OECD tulkeleri CO2 emisyonu Turkiye’den ylUksekte seyretmektedir. Buna ek olarak
Sekil 1’e gore diinya CO2 emisyonunun yarisini treten ABD ve Cin i¢in de ayni sorumluluklar gegerlidir.

70



4. RUMELI SURDURULEBILIR CEVRE ICIN ENERJI VE TASARIM SEMPOZYUMU

4rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
8-9 Subat 2024 / February 8-9, 2024

Halig, ISTANBUL

Bu baglamda calismamiz, sz konusu protokollerin 2023-25-30 yillari i¢in Turkiye ve diger ulkelerin
emisyonlarini inceleyerek bunlardaki artig-azalis oranlarina gére karar vermektedir. Karar verdigi nokta
protokollerin ne kadar etkili oldugudur.

Calismamizda kullanilan ydntem ANFIS'tir. Sekil 3’teki calisma metodolojisine uygun olarak oncelikle
literatlirde en ¢ok kullanilan Gg¢ girdiye dair veri toplanmigtir. Bu Ug girdi, NA, GH ve EK olmustur. Cikti
ise CO2'dir. Bu veriler 6ncelikle Turkiye, sonrasinda OECD igin ayri basliklar altinda incelenecektir.

4.1. Tirkiye igin Uygulama
S0z konusu ug¢ verinin Tarkiye igin Dinya Bankasi’ndan [21] toplanan 1971-2022 arasi bilgilerine ait

grafik Sekil 4, 5 ve 6'da gdsteriimektedir. ilaveten ayni yillara ait CO2 emisyon graifigi Sekil 7’de
gOsterilmektedir.

Turkiye NA (x1000 kisi)
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Sekil 4. Tiirkiye NA (1971-2022) [21]

Tuarkiye GH 1971-2022 arasi bilgilerine ait grafik Sekil 5’'te gosteriimektedir.

Tiirkiye GH (milyon $)
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Sekil 5. Turkiye GH (1971-2022) [21]

Turkiye EK 1971-2022 arasi bilgilerine ait grafik Sekil 6'da gosteriimektedir.
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2013
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Tirkiye CO2 emisyonu 1971-2022 arasi bilgilerine ait grafik Sekil 7’de gosteriimektedir.

500,00

400,00

300,00

200,00

100,00

0,00

1971
1973
1975
1977

*mT: megaton

1979
1981
1983
1985
1987
1989
1991
1993
1995
1997
1999
2001

CO2 Emisyon (mT)*

2003
2005
2007
2009
2011

Sekil 7. Tirkiye CO2 (1971-2022) [21]
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Yukarida belirtilen veriler MATLAB programinda Fuzzy Logic Toolbox paketinde ANFIS girdi ve ¢iktisi
olarak kullaniimistir. Veriler literatirdeki genel kullanimina uygun olarak [20] %70 egitim ve %30 test
verisi olarak kullaniimigtir. Veriler 250 defada farkli tyelik fonksiyonlari ile test edildiginde farkll hata
toleranslari elde edilmistir. En az hatayr veren uUyelik fonksiyonu tipi ve alt kimesi tahminleme
uygulamamiz i¢in segcilmistir. Tablo 4 en az hatayr veren ANFIS uyelik fonksiyonu ve c¢egidini

gOstermektedir.

Tablo 4. ANFIS Uyelik Fonksiyonu Belirleme

Uyelik ismi Uyelik Tipi Uyelik Alt Kiimesi | Hata degeri HATA siralama
Triangle MF trimf 3-3-3 0,31832 min.
Triangle MF trimf 4-4-4 0,82023

Trapezoid MF trapmf 3-3-3 6,4127

Trapezoid MF trapmf 4-4-4 3,9806

Gaussian Bell MF | gbellmf 3-3-3 1,1814

Gaussian Bell MF | gbellmf 4-4-4 0,81135
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Tablo 4’te gdsterildigi gibi en az hatayi veren Uyelik fonksiyonu tipi “trimf” ve Gyelik alt kimesi “3-3-3”
olarak belirlenmistir. Sekil 8, ANFIS’te bu islemi gostermektedir.

"4 Neuro-Fuzzy Designer: CO2 Emisyon Tahminleme - O X
File Edit View
Training Error = SEIER =
0.6
# of inputs: 3
# of outputs: 1
0.4 # of input mfs:
i 3 3 F
-
L
0.2
0 SUTD————————————————— N U
0 50 100 150 200 250 Clear Plot
Epochs
Load data [ Generate FIS [ TrainFIS ] Test FIS ]
Type: From: Optim. Method:
) Training () Load from file hybrid > Plot against:
@ Testing ) file () Load from worksp. Error Tolerance: (@) Training data
@ Grid partition 0 O Testing data
() Checking (@) worksp. Epochs:
O Demo (") Sub. clustering 250 () Checking data
Load Data... | Clear Data ‘ Generate FIS .. | L. rain Now | Test Now |
‘ Epoch 105zerror= 0.31832 ‘ ‘ Help Close

Sekil 8. ANFIS Uyelik Fonksiyonu Tipi ve Alt Kimesi Segme

Yukarida gosterildigi gibi uygun bir hata durumu elde edilmistir. Bunu ¢iktl kismindaki egitim ve test
verilerinin korelasyonundan da anlayabiliriz. Sekil 9 bunu verilerin uyumu ile ifade etmektedir.

"4 Neuro-Fuzzy Designer: CO2 Emisyon Tahminleme - O X
File Edit View
Testing data:. FIS output: * = FERLE =
500
* # of inputs: 3
* # of outputs: 1
- 400 * " * : # of input mfs-
= 333
. *
% * ¥ '
C 300 * !
* .
D
2007 4 4 P * Structure
0 2 4 6 8 10 12 14 16 Clear Plat
Index
[ Loaddata — ][ Generate FIS — |[ TrainFIS [ TestFIS ]
Type: From: Optim. Method:
() Training O Load from file hybrid e Plot against:
@ Testing O file (O Load from warksp. Error Tolerance: () Training data
. (@) Grid partition 0 (@) Testing data
(O) Checking (@) worksp. Epochs:
) Demo () Sub. clustering 250 () Checking data
Load Data | Clear Data | Generate FIS ‘ Train Now | e w7
Ready ‘ ‘ Help Close

Sekil 9. ANFIS Cikti Egitim ve Test Verileri Uyumu

Olusan kural tabani Sekil 10’da gosteriimektedir. Girinti ve ¢ikintisi az olmasi verilerin uyumunu

g6stermektedir.
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4\ Surface Viewer: CO2 Emisyon Tahminleme - O X 4. Rule Viewer: CO2 Emisyon Tahminleme - O x
File Edit View Options File Edit View Options
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Sekil 10. ANFIS Modeli Kural Tabani

Sekil 10'da olusan ANFIS modeli kural tabaninda yeni girdi verileri ile yeni c¢ikti verileri elde
edilebilmektedir. Dolayisiyla belirtilen 2023-25-30 yillari bu sekilde tahminlenmistir. Gelecek yillarin
yuksek bir dogrulukla tahminlenmesi glgli bir kural tabani olusumuna baglidir. Sekil 11. Cikti ve tahmin
verilerinin yiksek korelasyonunu gostermektedir. Egitim verileri %99,16, test verileri ise %96,76 ve tim
veriler ise %98,53 oraninda korelasyona sahiptir.

€0,/ Model GIKTI-TUM & €O,/ Model CIKTI-Egitim & €0,/ Model GIKTI-Test &
Model TAHMIN-TUM Model TAHMIN-Egitim Model TAHMIN-Test
500,00 500,00 600,00
400,00 p 400,00 ¥ 4 >00,00 e
300,00 300,00 "" 400,00 ,
. 300,00 o
200,00 * y=1,0241x-8,035a 200,00 @ - o051 15522 200,00 € v-recouns
R? = 0,9709 R? = 0,9833 - ’
100,00 , 100,00 , 100,00 R?=0,9363
0,00 0,00 0,00
0,00 200,00 400,00 600,00 0,00 200,00 400,00 600,00 0,00 200,00 400,00 600,00
TUM EGITIM TEST
Korelasyon 0,9853 0,9916 0,9676
R2 0,9709 0,9833 0,9363

Sekil 11. Cikti Verisi ile Tahmin Sonuglari Korelasyonu
Sekil 11°de géruldugu gibi ¢ikti verileri ile tahmin sonuglari yiksek bir korelasyon géstermektedir. Bu
baglamda olugan saglam kural tabani ile gelecek yillar giglu bir sekilde tahminlenmistir. Bu tahmin
sonuglari Tablo 5’te gosterilmektedir.

Tablo 5. ANFIS Turkiye CO2 Emisyonu Tahmin Sonuglari

Yillar 2023 2025 2030
CO2 Emisyonu (TURKIYE) - mT 452,54 483,96 564,36
CO, Emisyonu (TURKIYE) — artis % - %6,9 %16,6
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Turkiye icin ANFIS tahmin sonuglari ortaya konmugtur. OECD, ABD ve CIN rakamlari da ortaya
konularak kiyaslama yapilmaktadir. $ekil 1 bu ulkelerin CO2 emisyonlarini géstermektedir. Bu ulkelerin
gelecek emisyon tahminleri ANFIS’ten daha pratik bir ¢6ziim sunan polinomik regresyon kullanilarak Ms

Excel'de elde edilmigtir. Tablo 6 Turkiye ile bu Ulke ve toplumlarin emisyonlarini kiyaslamaktadir.

Tablo 6. ANFIS Tirkiye ve Diger Ulkeler CO2 Emisyonu Tahmin Sonuglari

Yillar 2023 2025 2030
CO2 Emisyonu (TURKIYE) - mT 452,54 483,96 564,36
CO2 Emisyonu (TURKIYE) — artis % - %6,9 %16,6
COz Emisyonu (OECD) - mT 10.955,26 10.223,85 10.025,20
CO2 Emisyonu (OECD) — artis % - -6,7% -1,9%
CO2 Emisyonu (ABD) - mT 4.945,81 4.510,23 4.312,94
CO2 Emisyonu (ABD) — artis % - -8,8% -4,4%
COz Emisyonu (CIN) - mT 12.046,78 12.720,56 14.362,02
CO2 Emisyonu (CIN) — artis % 5,6% 1,3%

Tablo 6 bir sonraki bélimde yorumlanmistir.
BULGULAR VE TARTISMA

Tablo 6’da goruldigu gibi OECD Ulkelerinin artis orani azalma durumuna dénmdastir. Bu durum Sekil
1’de gdruldigu gibi son yirmi yillik yesil enerjiye gecis politikalarinin bir meyvesidir. Azalis orani
dismesine ragmen ayni politikayi stirdirdigi gorulebilir. OECD topluluguna benzer olarak ABD’de de
azalis durumu hakimdir. OECD {lkelerine kiyasla yiksek bir azalis oranina sahip gibi géziikmesine
karsin 2025’ten 2030’a kadar ABD yaklasik 200 mT, OECD de 200 mT emisyon azaligi saglamistir. Bu
durum emisyon miktarinin biyikligine baglidir. Bu baglamda gériinen o ki, OECD ve ABD Paris iklim
Antlagsmasi ve benzer protokollere uyum saglamaktadir.

Bir diger duruma goére Cin’de emisyon artigi devam etmektedir. Grafik 2030’a dogru dismesine ragmen
azalma kismina gegememistir. Bunun sebebi Cin’in dinyanin en fazla CO2 emisyonuna sahip olmasidir.
Emisyonlari azaltmak ve yesil enerjiye gegcmek bu boyuttaki emisyonlar ile kolay olmayacaktir. Ancak
herseye ragmen goérinen o ki, Cin belirtilen protokollere uyum saglamaya galismaktadir.

Calismanin konusu olan Turkiye’de ise CO2 emisyon miktari ve artis orani birlikte artmaktadir. Bu tablo
olumsuz gibi gézikmesine ragmen Bu baglamda Tirkiye mevcut protokollere imza atmis olmasina
ragmen uyumsuz gibi gézikmektedir. Ancak belirtiimesi gerekir ki Turkiye, Tablo 6’'daki diger tg¢ tlke ve
kurulusun toplaminin neredeyse 52 kati daha az emisyon Uretmektedir. Bu durumun bir¢cok sebebi
olabilir. Bunlardan en dnemlisi yeni sanayilesme hamleleri olabilir. Bu durumda ortaya ¢ikan soru su
olabilir: “Mevcut protokoller, Glkelere kendi kapasitelerine gére mi yakimliluk vermektedir?”

SONUGLAR VE ONERILER

Sekil 1'de gérildigli gibi OECD, ABD ve CIN diinya CO2 emisyon toplaminin yaklasik %76’sini
olusturmaktadir. Buna ek olarak Tablo 6’'da gorildigi gibi ¢cogunlugu Avrupa devletlerinden olusan
OECD toplulugu aldigi bazi 6nlemlerle son yirmi senede CO2: emisyonunu sabit tutmayi, dahasi
azaltmayi basarmistir. Ayni sekilde ABD’de de son bes senedir disusler mevcut. Cin’de ise artis oranlari
azalmaktadir.

Calismamiz mevcut protokollerin yiksek emisyon Ureten Ulkeler ile disik emisyon Ureten ulkelere
yukumlaluk farklarini incelemektedir. Bunun igin éncelikle mevcut emisyon rakamlarini paylasmaktadir.
Sonrasinda gelecek projeksiyonu ic¢in literatirde sik kullanilan g girdi ve bir giktiyr ele alarak ANFIS ile
tahminleme yapmistir. Sonug olarak mevcut protokollerin yiksek emisyon Ureten Ulkelere bir engel
olusturdugu dogrulanmistir. Ancak bu noktada sunulmasi gereken éneri su olabilir. Belirtilen tg Ulke ve
kurulusun neredeyse 52 kati kadar az emisyona sahip olan ve sanayi ataklarini henliz yapan bir tlke ile
diger yuksek emisyonu ulkelere ayni sorumluluk yiklenmemelidir.
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OzZET

Gunimizde deprem ve geoteknik mihendisliginde katastrofik etkiler barindiran birtakim mekanik ve
dinamik etkilerin ¢evre ile ekonomiye verdigi zararlar ortadadir. Bu bakimdan, zeminlerin mihendislik
anlaminda iyilestiriimesi buylk énem tasimaktadir. Ancak son ginlerde ragbet géren kimyasallarin
kullanimi dogaya buyilk zarar vermekte olup, buna alternatif olarak endustriyel atiklarin gevre dostu
formlarda iyilestirme malzemesi olarak kullanimi bu ¢alismada degerlendirilmistir.

Anahtar Kelimeler: Zemin lyilestirmesi, Endistriyel Atiklar, Cevre Kirliligi

ABSTRACT

Today, the negative effects caused to the environment and economy by some mechanical and dynamic
effects that have catastrophic effects in earthquake and geotechnical engineering are obvious. In this
regard, engineering improvement of soils is of great importance. However, the use of chemicals that
have become popular in recent days causes great harm to nature, and as an alternative, the use of
industrial wastes as improvement materials in environmentally friendly forms was evaluated in this
study.

Keywords: Soil Improvement, Industrial Waste, Enviromental Pollution

1. GIRIS

GunUmuUz Turkiyesinde birtakim geoteknik problemlere yol acan depremler yasanmaktadir. Bu
problemler basilica disiuk mukavemete degerlerine sahip zeminlerin deprem esnasinda olusan etkiye
verdigi zayif dayanimlardan kaynaklandigi soylenebilir.Gittikge blylyen bir ingaat sektdéri hacmine
sahip ulkemizde Ustyapi projelerine temel teskil eden geoteknik muhendisliginin dnemi gin gectikce
kompleklesmektedir. Bu anlamda, yapi altinda bulunan zeminlerin mihendislik agisindan yeterli
bulunmasi amaciyla ¢esitli zemin iyilestirme yontemlerinin uygulandidi gorilmektedir.

Yapilarin altinda tasiyici bir sistem olan zeminlerin muhendislik 6zellikleri, zemin tipi disinda gevresel
sartlara gére ¢ok genis bir yelpazede farklilik gosterebilmektedir. Baslica mihendislik 6zellikleri ise
zeminin sikilik orani, su yuzdesi,6nkonsolidasyon basinci, kesme dayanimi ile gegirgenlik gibi belli basli
degiskenlerdir. Bu bakimdan istenen dlizeylerde olmayan zeminlerin ortamdan uzaklastirilmasi ve
yerine daha uygun zeminlerin kullanimi ne vyazik ki ekonomik sebeplerden dolayl tavsiye
edilmemektedir. Dolayisiyla, sahadaki zeminlerin mevcut 6zelliklerinden 6tirl istenen seviyelerde
sinirlamalari sunmak ve dizayn teskil edecek noktaya erisimi anlaminda zeminlerin iyilestiriimesi
gerektigi ve bdylece, mukavemetlerinin arttirilarak, gecirilmliliklerinin azaltilmasinin saglanmasi yolu
asikar olmaktadir.
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Zemin iyilestirme esnasinda zemin bosluk oranlari distrilmekle ile mevcut bosluk oranlari dizeyinde
zemin dane arasi bosluklari ¢imento, kire¢, bentonit, atik maddeler gibi kimyasallar ile
doldurulabilmektedir [1]. Bunun yanisira, zemin 6zelliklerinin zayif oimasi da ¢cok énemlidir. CUnki zayif
zeminler az dayanimli, ileri dlizeyde sikisabilir, bosluk orani ylksek, UsUk plastisiteli,tagsima glcu
bakimindan vyetersiz, oturma ve sisme potansiyeli fazla, ylksek gegcirimlilik sorunlarina sahip
zeminlerdir. Genel olarak érneklemek gerekirse, gevsek kumlu zeminler, yumusak kil ve kireg icerigi
yuksek siltlerdir. Katki ilaveleri ve kompaksiyon metotlari uygulanarak deneylere tabii tutulan zeminlerin
sonuglari elde edilerek, iyilestirmenin dizeyi Olg¢llebilmekte ve zeminin ne kadar iyilestirilebildigi
anlasiimaktadir.

Zemin iyilestirme yontemleri geleneksel ve modern ydntemler olarak iki ana grupta incelenmektedir. Bu
gruplar ise yuzeysel ve derin iyilestirmeler olarak iki farkl grupta incelenirler. Yizeysel iyilestirmeler
icerisinde katki kimyasallarinin kullaniimadigi kompaksiyon mevcuttur. Ayni c¢ati altindaki, katkili
iyilestirme yontemleri ise ucucu kil, ¢cimento, kati atik ile iyilestirme, kum ile iyilestirme, polimer ile
iyilestirme vardir. Derin iyilestirmeler ise kohezyonlu ve kohezyonsuz zeminlerde aktif olarak
kullaniimakla birlikte; dinamik kompaksiyon, vibro-flotasyon, patlayicilar-enjeksiyon ile kompaksiyon,
bunlarin arasindadir. Ayrica kohezyonlu zeminlerde spesifik olarak énylkleme yontemi, kum drenleri
ydntemi, elektro-osmoz ydntemi ve isi iyilestirme yontemleri ile zemin 1slahi mimkindir [2].Geoteknik
muhendisligi igerisinde alti ana basliga ayrilmaktadir. Bunlar sirasiyla; kohezyonsuz zeminlerde yerinde
derin kompaksiyon, onyikleme, katki maddeleri ile iyilestirme, termal iyilestirmeler ile geotekstil-
geosentetik kullanimi sayesinde guglendirmeler seklinde belirtilmistir [3].

Bu sayede, yapi temelleri mihendislik agisindan belirli sikilikta yerlestiriimis, dayanim ve oturmasi
bakimindan uygun degerlere sahip zeminlere oturabilmektedir. Bu ¢alismada, zemin iyilestirmeleri
icerisinde geleneksel yontemlerin digindaki kimyasal yontemler ele alinmakta sirdurebilirlik agisindan
degerlendirmeleryapilmaktadir.

2. ZEMIN IYILESTIRMELERINDE KULLANILAN KATI ATIK MALZEMELER ILE ILGILI YAPILAN
GALISMALAR

Zemin iyilestirmeleri igerisinde kati atik malzemeleri son yillarda Glkemizde 6n plana ¢gikmaktadir. Cevre
kirliliginin en 6nemli unsuru olan kati atiklarin insaat sektériinde kullanimi ile geri dénistirilmesi hem
ekonomik, hem cevresel avantajlar sunmaktadir. ikincil hammaddeye dénistiriilerek insaat basta
olmak Uzere diger sektorlerde kullanilabilinen kati atiklar, diinyanin sinirli rezervlerinden kazang elde
etme noktasinda alternatif sunabilir. Boylece surdurilebilirlik noktasinda énemli adimlar atiimis olunur.

Bunlardan ilki olan mermer tozlari bazi sanayi kollarinda hammadde olarak kullanilarak, minimum &lgekli
mermer atiklaridir. Uretimi esansinda mermer kesme iglemine maruz kalirken, ¢evreyi mermer tozu
kaplamaktadir. Elde edilen mermer tozlari Uretilen mermerlerin yizde 30%’unu olusturmaktadir [4].

Mermer Uretim tesislerinde ¢evreye salinan tozlarin ¢evresel problemlerinin 6nline gecilmesi sanayi
anlaminda da bir kazang saglayabilir. Bu bakimdan, mermer tozlarinin kullanimi noktasinda bulunan
tim opsiyonlar, Uretim tesislerine ve Ulke ekonomisine katki saglarken, bu tesislerin ¢evreyi kirletme
olasiliginin 6nlne gegilebilinir [5].

Jeolojik ve asfalt har¢ malzemesi olarak orta yogunluklu trafige acik yollarda dolgu olarak kullaniimasina
yonelik yapilan arastirmalarda, mermer tozunun kullanildigi harglarin volkanik kokenli harglarin
olusturuldugu asfalt betonlarina nazaran yorulma édmrinin %45 azaldig dlgulmustur [6].

Ulkemizin baslica enerji kaynaklarindan birisi olan linyitler, termik santral kazanlarinda pulverize
edilerek daneler haline getirilerek yakim islemine tabii tutulmakta olup, buradan ¢ikan inorganik kati
atiklar sonucunda elde edilen ucgucu killer 200 um boyutlarina kadar ulasabilmektedir [7].
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Ucucu kil ve piring kabuklarinin killi zeminler Gzerindeki dayaniklihgini arastiran bir bagka ¢alismada
ise, pirin¢g kabugu ile ugucu kil atik malzemelerin kilin serbest basing dayanimini sirasiyla %12 ila %25
arasinda arttirdid1 gorilerek, ilgili zemininin otoyol projelerinde temel alt malzemesi olarak
kullanilabilecegi tavsiye edilmistir [8].

Seramik tozlari ile yapilan bir gcalismada ise, seramik tozlarinin toprak zemine %0-30 araliginda %5 artis
ile katildigr karisimlarin indeks verileri incelenmistir. Calismalar sonucunda, seramik tozlarinin %30
dozlarina kadar zemin iyilestirmesinde kullanilabileceg@i goriimustir [9].

Bunun diginda, kumlu ve Killi zeminlerin dayanimi Gzerinde atik lastik tekstil liflerinin incelendigi bir
calismada, %1 doz atik tekstil liflerinin killi zeminlerin dayanimina negatif etki ederken, kumlu zeminlerde
ise pozitif etki yaratmigtir [10].

Taban kili adi verilen bir malzeme ise %0-25% arasinda %5 artisla kohezyonlu zeminlere eklendiginde,
mukavemet, sekil degistirme ve elastik modiil 6zelliklerinde %25 seviyelerine kadar 6nemli bir etkide
bulunmamakla birlikte, %30 seviyelerinde 6nemini gdsterebilecedi sunulmustur [11].

Cimento, piring kabugu kuli ve kalsiyum karbir atiklarinin zemin glclendirme Grini olarak
kullanilabilecegine dair yapilan bir baska arastirmada ise, piring kabugu ve kalsiyum karbdr atiginin,
zeminlerin kohezyon ve i¢sel surtiinme agisini buyuttigu gértlmustar [12].

Lastik liflerinin %0-10 arasinda %2.5 artisla degisen dozlarda Kkilli bir zemine eklenmesi sonucundaki
dayanim sonuglarindaki degisimin incelendigi bir diger ¢alismada ise, %7.5 lastik lif dozu seviyelerinde
en makul sonugclarin elde edildigi gérulmekle birlikte dayanim degerini arttirmistir [13].

Kati atiklarin gevresel problemlere yol actigi sorunlardan 6tirl kati atik yénetiminin 6nemine dair yapilan
calismalarda, kentlerin cogunlugunda mevcut kati atik ydénetim yénergelerinin olmamasi, planlamalar
hakkinda bilgi azhginin birtakim ekonomik sebeplerden dolayl bazi problemlere yol actigi ortaya
cikmistir. Dinya popullasyonunun her yil 2-3 kat arttiyi ginimuizde dinya popllasyon 8 milyara
dayanmistir. Buna bagli olarak, planlama ve organizasyondan yoksun bir ylritme igerisinde cevre
kirliliginin siyasi bir problem haline gelebilecegdi yapilan ¢alismada sunulmaktadir. Strekli depo alanlar
ve geri kazanim silolarinda yakma yOntemi ile bu problemlerin ¢ozilebilecegi énerilmistir. Bu sayede,
ulke finansal ve siyasi olarak daha uygun bir konjonktiiriin saglanabilecegi 6ngorilmustur [14].

3. ZEMIN iYILESTIRMELERINDE KULLANILAN BASLICA KIMYASAL YONTEMLER

Kimyasal stabilizasyon zeminlerin birtakim kimyasallar ile karistirimasi sonucunda zemin muhendislik
dzelliklerinde istenen degisimlerin elde edildigi bir zemin iyilestirme yéntemidir. inorganik puzolanik ve
cimento bazl baglayicilar olan ¢imento, kire¢ ve diger kalsiyum bazli kimyasallar ele alinmaktadir. Bu
metotlar zemin 6zelliklerinde uzun sureli degisimler yaratirken, birtakim ¢evresel anlamda endiselerde
dogurmaktadir [15]. Temel olarak biyokimyasal metotlar, elektrokimyasal metodlar, inorganik
puzolanik/gimento bazli malzemeler ile organik polimerik baglayicilar olmak Uzere 4 ana grupta
incenlenirler.

Biyokimyasal metot icerisinde, mikroorganizmalarin g¢evre koruma esasl Kalsiyum Karbonat
¢okelmesine imkan tanidigi ve boylece, zemin bosluklari arasinda olusan bu Urin ile danelerin birbirine
baglandigi dayanimi yiksek bir zemin-kimyasal kompleksi meydana gelmektedir [16].

Elektrokimyasal metot icerisinde ise, zemine iki elektrod arasindaki elektrik potansiyeli vasitasiyla suyun
katoda hareketi saglanir. Bdylece, ince daneli zeminlerdeki asiri bosluk suyu problem olan
konsolidasyon sorunu hizlandirilir ve ayni zamanda zeminin hizla susuzlastiriimasi saglanarak, dane
bosluklarinin kollodil silika jeller ile doldurularak zeminin guglendiriimesi amaglanir [17].
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inorganik puzolanik/gimento bazli malzemeler ile yapilan iyilestirmede ise, sodyum silikat ve gimento-
kire¢ bazli kimyasal malzemesi, magnezyum oksit vb. Cesitli kimyasallar mevcuttur.

En o6nemli ingsaat malzemesi olan ¢imento ise zemin iyilestirmelerinde ¢ok genis kapsamda
kullaniimaklatir. Bu sayede, zayif zeminlerin sertligini, mukavemetini, dayanimini artttirir. Ciemnto bazli
iyilestirmelerde temel esas kalsiyum bazli stabilizatorler arasindaki katyon iyon degisimleridir. Kimyasal
malzemenin topaklasma, puzolanik reaksiyon ve gimentolasma hidratasyonlari bu iyon degisimleri ile
gercgeklesir. Ayrica ortamda yiiksek oranda kirecin bulunmasi, Ca*? iyonlarinin ¢gogalmasini, boylece
silikanin ¢ézunurllk ve reaktivite ylizdesini arttirimasi saglanir. Bu sayede, ¢imento ve kireg, zemin
daneleri arasinda Kalsiyum Silika Hidrat (C-S-H) baglari olusturarak, zemin danelerin birbirine
baglanmasini saglar. Bu asamadan sonra ise, kumlu ve killi zeminlerde durabilite ile serbest basing
dayanimi artar. Yalnizca kumlu zeminlerde sikilik ve igsel surtinme agisi blylrken, yalnizca Kkilli
zeminlerde ortamdaki kire¢ sayesinde dayanim artisininin yanisira plastisite azalarak zeminin sisme-
buzulme riski azalir [18].

Sanayi hammaddesi olarak en yaygin kullanilan ve kullanim dozu olarak 5.sirada yer alan kireg,
kiregtaslarinin kalsinasyonu ile elde edilen ve insaat malzemesi olarak uzun bir stre kullanilan bir
maddedir. Kalsiyum karbonat iceren kiregtaslarininin 1000 dereceye kadar kalsiyonu sonucunda kireg
(CaO) uretilir, ve bunun su ile reaksiyonu sonucu (hidratasyon) kalsiyum hidroksit elde edilir. Kalsiyum
dozu yuksek kirecin yaninda magezyum ihtiva eden dolomitik kire¢ ve sénmuis dolomitik kiregte elde
edilmekte olup, antik zamanlardan beri en ¢ok bilinen madde olan kirecin kullanimi bir¢ok alanda
mevcuttur [19]. Kire¢ katkisinin yiksek sisme potansiyeline sahip killerin stabilizasyonu ile iligli yapilan
calismada, standart ve modifiyeli proktor testlerinin akabinde yapilan klasik 6dometre deneyleri
sonucunda, kire¢ katkisinin %3 UGzerinde sisme potansiyelini kontrol altina aldigi elde edilmistir [20].

Magnezyum oksit ile ilgili yapilan bir bagka ¢alismada ise, kumlu sivilagabilir zeminlerin mekanik ve
hidrolojik bakimdan iyilestiriimesi amaglanmis olup, %0-6 araliginda %2 doz artisiyla Magnezyum Oksit-
ince Kum kompleksi tamamen doygun oda sartlari altinda kiire tabii tutulmustur. Calisma sonucunda,
zemin i¢sel surtinme acisi geliserek, zemin elastik modull ve serbest basing mukavemeti artmigtir.
Bdylece zemin sivilagsma potansiyeli ortadan kalkmigtir.

Bu bilgilerin yanisira, kimyasal metotlarla ilgili ¢esitli gevresel endiseler var olmaktadir. Kullanilan
kimyasallarin ihtiva oldugu bélgedeki uzun sureli varligi mevcut trinlerin olusumu esnasinda meydana
gelebilecek ters reaksiyonlar ile farkli Urlinlere evrilebilmesi mumkindir. Bu noktada, beklenen pH
degerleri elde edilemez ve bu sayede, alanda bulunan mikroorganizmalar veya yer alti sularinin
kimyasal formu degisebilir. Bu anlamda, iyilestirme saglanma amaci ile ¢evre kirliligi yaratiimig olabilir.
[21]

Bu anlamda, kimyasal yollarla yapilan iyilestirmelerde 6n deneyler sirekli tekrarlanmali ve iyilestirme
yapilacak boélgenin kimyasal analizleri ¢ok iyi bir sekilde yapilmaldir. Bdylece, ¢evre kirliligi endiselerinin
onlne gegcilebilinir.

4. SONUCLAR

Atik malzemelerin zemin islahinda kullaniimasi, giinimuzde sik¢a basvurulan bir konu olmaktadir. Bu
endustriyel atiklar tek veya baska atik malzemelerle karistirilarak birgok teorik ve pratik calismalarda
kullaniimistir. Atiklarin ¢evresel zarari doga igin yuksek tehlike olusturulurken, bu atiklarin toplanarak
tasfiye edilmesi birtakim vergi yukimlultkleri dogurmasindan 6turid zemin iyilestirme sektériinde
kullanilan diger pahali kimyasallarla disik oranlarda karistirilarak veya serbestce kullanimi noktasinda
yapilan fizibilite ¢alismalari ¢evresel ve ekonomik anlamda tlkemize fonksiyonel katkilar saglayacagi
asikar gérinmektedir.

Yapilan ¢alismalar sonucunda, sanayi atiklarinin ¢gevremizde birikmesi sonucunda ortaya cikabilecek

negatif durumlarin azaltilmasi, atiklarin tasfiye edilmesi, bir araya getiriimesi ve bununla ilgili talep edilen
vergi ve iscilik maliyetlerinin azaltilmasi amacglanmistir. Bu sayede, Ustyapi ve altyapilara teskil eden
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zeminlerin mihendislik anlaminda iyilestirmesi igin gereken yilksek maliyetlerinde 6nline gegilerek,
geoteknik mihendisligi sektoériinde bu tip atiklarin dnemi gun gectikgce daha da artmigtir. Bu anlamda,
glnimuzde gelisime agik zemin iyilestirme muhendisligi piyasasinda c¢evresel etkileri Uzerinde
tartismalarin oldugu geleneksel kimyasal iyilestirme metotlarinin yanisira endistriyel atiklarin kismen
veya serbestcge kullaniminin énl agilmasi saglanarak, ¢evreye zarar verebilecek her tlrll riskli Grinin
geri kazanimi klresel ¢gapta surdurilebirlige olumlu etkiler katmasi muhtemeldir.

Bu sayede, yapi temelleri mihendislik agisindan belirli sikilikta yerlestiriimis, dayanim voturmasi
bakimindan uygun degerlere sahip zeminlere oturabilmektedir. Bu ¢alismada, zemin iyilestirmeleri
icerisinde geleneksel ydntemlerin disindaki mevcut kimyasal ydntemler ile endustriyel atiklarin
kullanildigi yéntemler ele alinmakta, surdurebilirlik agisindan degderlendirmeler yapiimaktadir.
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ABSTRACT

In this study, the use of different refrigerants in a vapor compression refrigeration cycle is theoretically
analyzed. The selected refrigerants are R134a, R290, R600a and R717. The cycle was evaluated based on
condenser temperatures ranging from 25 to 50 °C and evaporator temperatures ranging from -25 to 5 °C.
The model used to perform the thermodynamic analysis was developed using Engineering Equation Solver
(EES) software. The coefficient of performance of the cycle, the power consumed by the compressor and
the mass flow rate of the refrigerant circulating in the cycle were discussed.

Keywords: Vapor compression refrigeration, different refrigerants, energy, theoretical analysis

INTRODUCTION

Cooling can be defined as the process of removing heat from a product under controlled conditions. Cooling,
then, is the process of continuously removing heat from an object whose present temperature is lower than
the surrounding air. A frequent application of refrigeration is to provide cold storage for the processing of
perishable foods, drinks, and medical supplies. Among both cooling systems, vapor compression cooling
systems are widely used. Recent advances in vapor compression refrigeration systems have focused on
several key areas to increase efficiency, reduce environmental impact and improve overall performance.

Using R1234ze as a substitute working fluid for R134a, Radhouane Ben Jemaa et al. (2016) conducted
energy and exergy analyses for water chilled in the evaporator of an air-cooled vapor compression
refrigeration system. The Engineering Equation Solver (EES) was used to create a thermodynamic model.
A parametric study was used to look at how evaporation and ambient temperatures affected energy and
exergy efficiency, total exergy destruction, and exergy losses in different system components. For both
refrigerants, there was no discernible difference in the energy and energy efficiencies. The compressor has
the most exergy destruction of all the components, with the condenser, expansion valve, and evaporator
following closely behind. If R1234ze is used, the irreversibility achieved is lower than R134a. As a result, it
was emphasized that R134a can be substituted with R1234ze in these systems. In Nair et al's (2019)
experiment, various performance parameters were analyzed for R-134a/PAG mixtures. They observed a
6.5% increase in COP value with the use of Al203 nanoparticles dispersed in PAG oil. Using diamond
nanolubricants in Vapor Compression Refrigeration Systems, Pico et al (2018) investigated the performance
parameters of R-410A. They found that the cooling capacity of diamond increased by 4.2% and 7% according
to the lower and highest mass combinations. Using liquefied petroleum gas (LPG) in a household refrigerator
in place of R-12 has been demonstrated by Akash and Said (2003). It was found that a mixture of 80 g of
LPG performed best compared to 50 g, 80 g and 100 g of LPG. As part of their study on vapor compression
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refrigeration systems, Xu and Clodic (1992) analyzed the exergy of R-290, R-134a, and R-12 using the
exergy analysis method. When compared to the other two refrigerants, R-134a showed superior
performance for refrigerators. On the other hand, R-12 proved to be more effective in the freezer. According
to Reddy et al (2012), vapor compression refrigeration systems have different exergy rates depending on
the refrigerant used. COP and energetic efficiency are both affected by the temperature of the evaporator
and condenser. Compared to other refrigerants, R-134a performed better, while R-407C performed worst.
Based on numerical analysis, Lee et al (2014) observed that the expansion device's exergy destruction
increased as ambient temperatures increased in the air conditioning unit. Paula et al (2020) optimized Vapor
Compression Refrigeration Systems with R-134a alternatives by the simplex method and observed that R-
290 was the best among other refrigerants in terms of exergy efficiency and COP. According to Park and
Jung (2009), R430A has great potential as a possible alternative to R134a as a potential refrigerant in
household water purifiers. According to their results, R134a had 12% lower energy consumption and 50%
lower mass charge, while operating temperatures were similar. There is less than 0.10°C temperature
release for R430A, which is a nearly azeotropic compound composed of 76% R152a and 24% R600a by
mass. According to Baskaran et al, vapor compression refrigeration systems are efficient using varying
blends of refrigerants such as HFC152a, HC290, HC600a, and RE170. R430A was used as an alternative
refrigerant to R134a in a theoretical study conducted by Mohanraj (2013). In the study, the COP, the energy
efficiency, and the total equivalent global warming impact were better. In an experimental study conducted
by Jung et al, R435A was found to be more effective in residential water purifiers than HFC134a. Test results
found a 12.7% reduction in energy consumption and 3.7°C decrease in discharge temperature, respectively,
compared to HFC134a. Park et al., using both experimental and numerical methods, investigated the
possibility of replacing HFC134a used in the cooling system of household water purifiers. According to the
test results, R510A uses 22.3% less energy and has a 3.70 °C lower compressor discharge temperature
than HFC134a with 50% refrigerant charge. They reported that HFC134a is an alternative to R510A and
shows a slight change compared to HFC134a in the cooling system of household water purifiers.

In this study, the theoretical analysis of a vapor compression refrigeration cycle using different refrigerants
R134a, R290, R600a and R717 was carried out using EES software. Refrigerants were evaluated based on
condenser temperatures ranging from 25 to 50 °C and evaporator temperatures ranging from -25 to 5 °C.

System Introduction

The vapor compression refrigeration cycle consists of four basic elements. The schematic diagram of the
cycle is given in Figure 1 and the T-s diagram is given in Figure 2.

I

Condenser

Evaporator

3|

Figure 1. Schematic illustration of the system
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Figure 2. P-h diagram of the system
As the refrigerant evaporates in the evaporator, it absorbs heat from the cooled environment and enters the
compressor as saturated vapor. The refrigerant is compressed to the condenser pressure, providing the
necessary power to operate the compressor. During this process, the temperature and pressure of the
refrigerant increases. In the condenser, the fluid in the vapor phase condenses by giving off heat. The fluid
leaving the condenser in saturated liquid phase is expanded to evaporation pressure in the throttle valve.
Thermodynamic Model

Each element of the system shown in Figure 1 is considered as an open system with continuous flow. To
simplify the thermodynamic analysis, the following assumptions have been made.

* The phase at the compressor inlet is saturated steam.

» The phase at the condenser outlet is saturated liquid.

* Pressure and heat losses in connection pipes and system components are neglected.

» The processes in the evaporator and condenser are isobaric.

» The evaporator and condenser are adiabatic.

There are studies in the literature where the isentropic efficiency of the compressor is constant. However,
Aminyavari et al. (2014) and Singh and Kumar (2022) the isentropic efficiency of the compressor was
calculated using Equation (1).

In this study, Equation (1) was used to determine the isentropic efficiencies of the compressors.

n =1— (0.004 X Pressure Rate) 1)

The design parameters determined for the theoretical analysis of the vapor compression refrigeration cycle
considered are given in Table 1.

Table 1. Design parameters determined for analysis

Parameter Value
Cooling Load 10 kW
Condenser Temperature 25-50°C
Evaporator Temperature -256-5°C
Isentropic Efficiency of Compressors n=1-(0.004 x Pressure Rate)
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The mass balance for each element in the cooling system under consideration can be written as follows:
Xy = Y 2
The overall energy balance for each element can be expressed as follows:

Yiighg + % Qg + ZWy = Lriche + 30, + T W, (3)
Table 2 displays the energy balance equations for the cooling system's component parts.

Table 2. Energy balance of components

Components Energy balance
Evaporator 0, = m(hy — hy)
Condenser Q, = m(h, — h3)
Compressor Weomp = m(hy — hy)

Throttle Valve h; = hy

The performance coefficient of the system was calculated using the following equation.

cop =% (4)

Wcomp
Results

In this section, the performance coefficient of the system at different evaporator and different condenser
temperatures, the power consumed in the compressor and the mass flow rate of the refrigerant
circulating in the system are examined for R134a, R290, R600a and R717.

While investigating the effect of condenser temperature, the evaporation temperature was taken as -10
°C in the calculations made. Figure 3 shows the change in the performance coefficient of the system
with different condenser temperatures. As the condensation temperature increased, COP decreased.
The highest COP value was calculated as 5.616 for R717 refrigerant at 25 °C condensing temperature.

—4—R134a R290 R600a -——R717

6,5
5,5

4,5

cop

3,5

=y

2,5 \

1,5
20 25 30 35 40 45 50 55 60

Condenser Temperature (°C)

Figure 3. Calculated COP values at different condenser temperatures

Figure 4 shows the effect of condenser temperatures on consumed power. As condenser temperatures
increased, power consumption also increased, as expected. At low condens87ing temperatures, power
consumptions are very close to each other. As the condensing temperature increases, the difference
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between the consumed power values becomes evident and it is seen that the highest power
consumption occurs when R134a is used.

—e—R134a R290 R600a —E—R717
6
5
5— 4
e /
g 2
=3
=
2
1
20 25 30 35 40 45 50 55 60

Condenser Temperature (°C)
Figure 4. Effect of condenser temperature on power consumption
Figure 5 shows the refrigerant mass flow rates that must be circulated in the system at different
condenser temperatures. It is seen that as the condenser temperature increases, the refrigerant flow

rate in the system increases. While the highest flow requirement occurred for R134a, the lowest flow
requirement occurred for R717.

—4—R134a R290 R600a —M=—R717

A

0,1

0,05

m (kg/s)

— & —i - —_a—

20 25 30 35 40 45 50 55 60

Condenser Temperature (°C)

Figure 5. Refrigerant flow rates circulating in the system at different condenser temperatures

In the calculations made to examine the effect of the evaporator temperature on the system, the
condensation temperature was taken as 35 °C. Figure 6 shows the variation of the performance
coefficient of the cycle with the evaporation temperature. As the evaporation temperature increases, the
COP value of the cycle increases. The highest COP value was obtained as 7.331 when R717 fluid was
used at 5 °C evaporation temperature. The lowest COP value was calculated as 2.029 for R134a at -25
°C evaporation temperature.
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Figure 6. Variation of system performance with evaporation temperature

Figure 7 shows the power consumed by the compressor at different evaporation temperatures.

——R134a R290 R600a —E—R717

-30 -25 -20 -15 -10 -5 0 5 10

Evoperator Temperature (°C)

Figure 7. Effect of condenser temperature on power consumption

Comparison of the power consumed in the compressor for 35 °C condensing and -10 °C evaporating
temperatures is presented in Figure 8.

W R134a R.290 Ro00a WHY

power consumption (kW)
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Figure 8. Power values consumed in the compressor for different refrigerant

Figure 9 shows the refrigerant mass flow rates that must be circulated in the system at different
evaporation temperatures. It is seen that as the evaporation temperature increases, the refrigerant flow
rate in the cycle decreases. While the highest flow requirement occurred for R134a, the lowest flow
requirement occurred for R717.

—e—R134a R290 R600a —@—R717
0,1
—_— |
* * * —
=
)
Po,05
£
= o O o —0 o )
0
30 25 20 15 -10 5 0 5 10

Evoperator Temperature (°C)
Figure 9. Refrigerant flow rates in the cycle at different evaporation temperatures

Conclusion

The use of different refrigerants in refrigeration cycles directly affects the performance of the cycle and
the power consumed by the compressor. In this study, the use of R134a, R290, R600a and R717
refrigerants in the vapor compression refrigeration cycle is discussed. Analyzes of the cycle at different
condensation and evaporation temperatures for the specified refrigerants were carried out theoretically
using EES (Engineering Equaiton Solver) software. Some results from this study are highlighted below:

» As the condensation temperature increased, COP decreased. The highest COP value at different
condensing temperatures was calculated as 5.616 for R717 refrigerant at 25 °C condensing
temperature. The lowest COP value was determined as 1.899 for R134a at 55 °C condensing
temperature.

» The difference in the average COP values obtained for the four refrigerants at 55 °C and 25 °C
condensing temperatures is 179%.

* As the evaporation temperature increases, the COP value of the cycle increases. The highest COP
value was obtained as 7.331 when R717 fluid was used at 5 °C evaporation temperature. The lowest
COP value was calculated as 2.029 for R134a at -25 °C evaporation temperature.

* The difference between the average COP values obtained for the four refrigerants at -25 °C and 5 °C
evaporation temperatures is 240%.

SYMBOLS

COP  Coefficient of performance

0, Heat absorbed in evaporator [kW]
Q, Heat rejected in condenser [KW]

Weomp POWer consumed in the compressor [KW]
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m Mass flow rate of refrigerant circulating in the cycle [kg/s]
i Isentropic efficiency
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ABSTRACT

Artificial intelligence (Al) technologies are quickly taking us to a new era. The dizzying speed of the
transformation that we are experiencing is giving rise to various concerns and fears naturally. In this
study, we will have a look at machines, the human existence along with machines, artificial intelligence,
and human wisdom from an abstract and broad perspective. We argue that human wisdom is greater
than machine intelligence and, thus, we are entitled to be optimistic about the future.

Key Words: Artificial Intelligence, Artificial Learning, Human Wisdom, Machine, Turing Machine

1. Introduction

If we are asked what the most popular topic of recent times is, probably the answer for most of us will
be “artificial intelligence”. We happen to be hearing or reading phrases like ‘artificial intelligence’, ‘smart
machines’ in news, chats, papers, books, classes etc. very frequently. We use them so often that such
expressions have begun to lose their meaning. In everyday use, their mental counterparts are more
likely to be the connotations of the technological products they name, rather than their descriptive
meanings.

It is indeed remarkable that among these connotations the most prominent place is occupied by those
that can be gathered under the title "The Troubles Atrtificial Intelligence Will Bring Us". The pessimism
in question is increasing to such an extent that artificial intelligence can even be called "the technology
that gets disliked as it becomes known". However, this observation will also require us to ask the
following question: "do we indeed know and recognize artificial intelligence?" In this study, we will seek
an answer to this question and, based on the answer we arrive at, we will argue that we do not need to
be too pessimistic and that we can even be optimistic about the future that artificial intelligence is taking
us to.

2. ‘Mechanized’ Man
2.1. ‘Man’ in Pre-Industrial Society

Without going into technical details, we can define artificial intelligence as the totality of studies aiming

to produce 'machines' that think or behave like 'humans' (see Kiligaslan 2022, Russell & Norvig 2022).
But what is a 'human' and what is a 'machine'?
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We will explain the sense in which we use the word 'machine’ a little later. Interestingly, definitions of
human beings were mostly made by pre-industrial philosophers. Let us take a quick look at these
definitions.

It is easy to distinguish what is human from what is not. We have almost no difficulty in this matter; we
can easily distinguish human beings from other living beings, machines, robots and even humanoid
robots.! However, it is difficult to say that we have achieved this referential success in the descriptive
definition of human beings. The first human being is called homo erectus, that is, the upright human
being. For Socrates, man is the being-that-questions. For Plato, to be human requires to be social. For
Aristotle, human being is a political animal. It is not surprising to learn that for Septics man is the doubter.
There are many more definitions: man as a tool user, man as lauger, man as a crier, etc. The most
memorable definition of man is frozen in our minds by Descartes' homo sapiens; man, (as Aristotle put
it), is a thinking being.

It is noteworthy that the philosophers of pre-industrial times tried to distinguish humans from animals in
their definitions. Each definition was based on a characteristic that is not present in animals but is
present in humans. For a historical period in which we struggled for life together with animals it is
expected and understandable that the limits of being ‘human’ are determined by comparing them with
animals

2.2. ‘Manr’ in Industrial Society

In the industrial era, machines have replaced animals in the struggle for life. Machines have freed both
animals and us humans from using muscle power in many areas of life struggle, especially in production
activities. However, this did not pave the way for humans to be completely independent from compulsory
labor. In general, the machines of the industrial era are devices that lack the ability to act autonomously
and therefore can only work under the control of humans. "In this kind of mechanized life, humans are
in control", we might say. But the deeper meaning of this sentence does not carry the grammatical
affirmative mood: in order to control the machines, humans have had to learn to use them, to be near
them while they are in use, and to adapt their working rhythms to their pace. So, while we humans
control the machines, our bodies and minds have come under the control of the mechanized way of life.

Worse still, in the industrial age humans have been trapped in a one-dimensional existence, like
machines. This situation is not accidental, but a result imposed by mechanized life. Machines have
imprisoned humans within the conceptual limits of their own existence. So, what are the conceptual
limits of machines? Now, let us clarify this issue.

A machine, by mathematical definition, is one that takes an input and gives an output. For example, a
coffee machine takes as input a quantity of coffee berries and water and gives as output drinkable coffee
(see Figure 1):

Figure 1. Coffee machine

1 Another name for humanoid robot is ‘android’, a word from Ancient Greek.
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Mathematical definitions are very general and therefore very abstract. Obviously, according to our
definition, a machine is a function in its most abstract form (see Figure 2):

F

| —

Figure 2. Function

Functions, and therefore machines, are very uniform. They always do the same work. They always take
the same inputs to the same outputs. A coffee machine will always give us drinkable coffee as long as
it is given coffee berries and water; it will never give us soup or soda. Just as the function f defined as
f(X) = 2x + 5 has an output of 11 whenever it takes the number 3 as input...

Notice that in the definition we have not made any reference to the mode of existence of the function,
because this is irrelevant. A function can be a concrete device made of metal or plastic; it can be a
completely abstract mathematical relation... It can even be a living being in the flesh. The example of
the latter is the individual in industrial society. He is trained to do a single job. Under given proper
circumstances, he always performs the same task, always produces the same output. Herbert
Marcuse's (1964) book "One Dimensional Man" describes and criticizes the confinement of the
individual to a one-dimensional life in industrial society:

Figure 3. Individual in industrial society

Industrial society is based on the division of labor. The division of work into as small as possible parts
is a prerequisite for the use of machines: a job becomes simpler as it is broken down into its component
parts, and when it becomes simple enough, it can be done by machines, and always is and has been.
Modern man, too, takes his place in this division of labor, sometimes as a blue-collar worker right next
to the machine, sometimes as a white-collar worker in a mental role that is not yet sufficiently
mechanized, but always as a one-dimensional worker. In other words, for modern man, specialization
means that he is reduced to a single function.

We have said that artificial intelligence studies aim to produce 'machines' that think or behave like
'‘humans'. This is not a goal of a few decades, but of several centuries. As early as the 1500s, when
Leonardo da Vinci designed the first mechanical calculator, he envisioned a machine that could calculate
like a human. Some 200 years later, Gottfried Wilhelm Leibniz took this dream to a much higher level
with the calculus ratiocinator, a mechanical device capable of calculating not only numbers but also
other concepts. Perhaps surprisingly, in the first half of the 20th century, those who were trying to create
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today's computers believed that these machines could think like humans. Alan Turing asked the
question "can machines think?" and Von Neumann's ENIAC was called the electronic brain. At the end
of this adventure, which we have mentioned some milestones, skipping most of them,2 we have reached
the following result: instead of human-like machines, we have machine-like humans.

Let us now take a closer look at this adventure, the adventure of the machine that is being humanized,
from the point of view of the computer, which is 'seen’ as the projection of man in the machine.

3. The ‘Machine’ that cannot be Human
3.1. Computer

We do not usually want to resemble machines. We know the price of being reduced to a single function.
No matter how well we perform this one function, it is at the cost of atrophying many other faculties.
Fortunately, the mechanized life that led to this situation has also paved the way out. The most important
tools on the way out are computers.

he computer is also a machine, but a very special one. The peculiarity of the computer is that it is the
most general machine. If programmed correctly and with unlimited time and unlimited memory, a
computer can solve any problem that can be solved algorithmically, that is, in finite and discrete steps.
Therefore, another name for the computer is the universal machine. To emphasize once again, the
universality of the computer comes from the fact that it is potentially the 'sum’ of all functions/machines.

The mathematical model of the universal machine belongs to Alan Turing. It is also called the Turing
machine. Below is a visual example of a Turing machine:

Tape

T e el e[o Lo =

Read-Write Head

Control Unit

Figure 4. A Turing machine

Surprisingly, this machine does 'everything' with an unbelievably small number of operations: write a
symbol in the cell indicated by the read-write head on the tape, move the read-write head left or right on
the tape, stay in the current state or move to another state. It seems that the path to universal
functionality lies through formal simplicity.

2 For an overview of the history of computer technologies, see Kiligaslan (2021).
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It was Hungarian-born US mathematician John von Neumann who translated Turing's mathematical
model into the first general-purpose computer design. The design was realized in 1946 under the name
ENIAC (Electronic Numerical Integrator And Computer):
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Figure 5. (a) Von Neumann architecture?® (b) ENIAC#

The simplicity of von neumann's design is also striking.

Let us emphasize that our computers are universal machines. They implicitly contain the power of all
functions. And yet, until recently, they were dependent on us, just like 'single-function capable’
machines... We had to tell a computer which function to perform. By translating the right algorithm into
a program in a language it understands, a programming language.

3.2. Machine Learning

We say "computers have been dependent on us until recently” because recently, at the beginning of
this century, they acquired an ability to function meaningfully in changing circumstances - the ability to
learn. Now, our computers, if we feed them with the appropriate and sufficient amount of data, can write
their own programs and/or then examine data they have not encountered before. This is undoubtedly a
big step towards computer independence. Of course, one might say, "well, we still give them the data
to process, so they are still dependent on us". But let us not forget that we are in an age where machines
have easy access to an abundance of data. The following words by Isik and Kiligaslan (2020) emphasize
the relevant importance of this era.

There is so much data around us! Everywhere is full of data from all sorts of things.
Especially the internet... Machines are also connected to the internet. Just like us humans,
they can find what they are looking for there. So machines that write their own programs
can now access the data they need to process on their own. (pp. 61-62)

We call the ability of computers to find their own solutions to overcome the problems they face machine
learning. Some also call it artificial learning. Machine learning has led to significant advances in Al
research and radical changes in the way people think and feel about Al.

With machine learning, for the first time, the idea that machines can act independently of us has begun
to take hold in people's minds. The computer, which can already solve any problem that can be solved
algorithmically if programmed correctly, will now be able to do so without the support of a human.
Moreover, it will be able to use this ability not only in situations that can be predicted by us humans, but
also in situations that involve uncertainty. In other words, it seems that learning computers will be
completely out of our control.

3 https://tr.wikipedia.org/wiki/Neumann_mimarisi#/media/Dosya:VVonNeumannMimarisi.PNG
4 https://www.topragizbiz.com/konular/eniac-ilk-bilgisayar.11386/
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It is also worth noting that 20-25 years ago, we used to choose the learning algorithm for each problem
domain and the learning parameters that this algorithm would use. About 10 years ago, we entered a
new phase in machine learning. Now, with deep learning, computers do not need our support for these
either. Deep learning algorithms behave like universal learners. They only need to be fed with big
enough data to find a way to solve a given problem.

Developments have not been limited to these. In the past few years, we have been introduced to
generative artificial intelligence. Previously, computers would only passively cluster and/or classify the
data they received as input. Now, they also produce output in response to the input they receive. For
example, we have chatbots that respond to every question we ask, that have something to say in
response to everything we say; or models that produce visuals that correspond to the meaning of the
natural language expression we input...

These developments have impacted scientific and social life to such an extent that today 'machine
learning' and ‘artificial intelligence' are used almost as synonyms. Of course, this is not the case. As
Russell and Norvig (2003) state at the very beginning of their book Atrtificial Intelligence: A Modern
Approach, machine learning is one of the sub-fields of artificial intelligence, not the whole of artificial
intelligence.

4. Man Greater than Machine

The question for this study is: are 'intelligent’ machines capable of learning really an existential threat to
humanity on one level or another? Many people think they are. Many think that artificial intelligence will
take away all our jobs. There are those who think it will bring down all our firewalls and bring about the
end of our civilization. There are even those who think it will destroy humanity as a species. Underlying
these pessimistic expectations is the assumption that artificial intelligence is greater than the human
mind.

We think the opposite. "The human mind is greater than artificial intelligence,” we say. We are not alone
in this pro-human stance.

Even Alan Turing, who was notoriously generous in attributing intelligence to machines, noted that
human behavior is too complex to be determined by any formal set of rules. Recall that the Turing
machine was characterized as a purely formal device. This means that Alan Turing, who believed that
his computer could solve any problem that a human could solve algorithmically, nevertheless realized
that he had not designed a machine powerful enough to reproduce human behavior.

The famous philosopher John Searle supported Turing's view by saying that computers are formal
beings and humans are semantic beings. Searle believes that a Turing machine can never have an
existence similar to the mental existence of a human being.

The following quote is from Cahit Arf, who we think was inspired by the work of Alan Turing.

Although machines can perform some tasks much more quickly than the human brain, their
understanding, that is, their capacity for reception, is far inferior to the human brain in terms
of variation, even when they are large enough to fill a large hall. The machine remains as
it was built, whereas the human brain improves itself on its own initiative. However, it is
possible to design a self-perpetuating machine. However, in my opinion, the main
difference between the human brain and the machine is that the human brain is able to
take aesthetic factors and work on them, make aesthetic decisions, and feel free to do or
not to do a given task, whereas the machine lacks these qualities. What characterizes these
qualities is that they all contain an element of uncertainty, and that there are no rules that
they adhere to infallibly. There are non-human natural phenomena that have the character
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of uncertainty. These are events that take place within the atom. In this respect, if events
occurring in a relatively small number of atoms can be made effective in the functioning of
such machines, it can be hoped that the machines will be aesthetically similar to the human
brain. Such a machine will be able to say, for example, that it does not find such and such
a piece of music beautiful. But | think this will not be possible even after many centuries,
and perhaps never. (1959, p. 103)

There are many important claims in this quote. We may find some of them true and some of them false.
We only want to draw attention to these two. The first is that humans can be conscious and volitional in
doing a task; the second is that for machines to have an existence similar to the conscious state of mind
of humans, they must have a functioning similar to subatomic phenomena.

Yes, our computers can now do many things that the human mind can do; in fact, they can do most of
them better than we can. But they lack one thing altogether: consciousness. As Flanagan (1998) points
out in his work entitled Consciousness, the computer program Deep Blue, equipped with artificial
intelligence, may be smart enough to beat the best chess player, but it is completely devoid of
consciousness. Therefore, we can assume that Kasparov, whom it managed to defeat in 1997, was
excited before the match, experienced psychological tension during the match, and was very upset by
his defeat afterwards; however, we cannot assume that Deep Blue experienced any of these
psychological states that require consciousness.

As for the modeling of subatomic physical workings by machines, the Turing machine, whose outward
motions are confined to a one-dimensional tape, is clearly far removed from this uncertainty.

4. Conclusion
The important conclusions that can be drawn from this study are as follows.

Machines that can learn and that are equipped productive artificial intelligence will be able to solve all
algorithmically solvable problems without the support and control of us humans. In this way, they will
liberate us from the mechanical and one-dimensional lifestyle we have been trapped in for an age.

Since machines do not have consciousness and volition, we will be left with the pursuits that require
these abilities. And since we will be free from mechanical work, we will be able to devote more time to
our philosophical, artistic and spiritual development. In short, we will move from a machine-like lifestyle
to a more human existence.

Of course, we cannot rely solely on artificial intelligence for all this to happen. We humans must also be
socially and intellectually prepared for the future that Al can offer.
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OzZET

Enerji bilimi olarak tanimlanan termodinamik parametreleri, surdirulebilir ¢evre igin 6nemli
degiskenlerdir. Ulusal ve uluslararasi ortamlarda iklim degisikligi aciklamalari yapilirken atmosfer
sicaklik ortalamasi degerinin 1,5 °C disUrilmesi siklikla tanimlanan bir hedeftir. Diger yonuyle
atmosferdeki CO2 de@erinin dnce 2030 yilina kadar doksanl yillardaki degeri esas alinarak %50
azaltilmasi gereklidir. Daha sonra 2050 yilinda nétr karbondioksit salimi hedefi ile ilgili uluslararasi
protokoller imzalanmisgtir.

Anahtar Kelimeler: Surdurilebilirlik, Cevre, Termodinamik Parametreleri, Sicaklik, Basing

ABSTRACT

Thermodynamic parameters, defined as the science of energy, are important variables for a sustainable
environment. While making climate change statements in national and international environments,
reducing the average atmospheric temperature value by 1.5 °C is a frequently defined target. On the
other hand, the CO: value in the atmosphere must first be reduced by 50% by 2030, based on its value
in the nineties. Later, international protocols were signed regarding the target of neutral carbon dioxide
emissions in 2050.

Keywords: Sustainability, Environment, Thermodynamic Parameters, Temperature, Pressure

1 INTRODUCTION

The goal of thermodynamics is to calculate the fields of velocity and mass density within an object.
Density, velocity, and temperature are not the same at all points of an object during a process, and they
do not remain constant in time. For this reason, density, velocity, and temperature variables have been
defined as time-dependent fields.

In thermodynamics, the state of a object is described more accurately than in fluid mechanics, because
in addition to motion and inertia, how hot the matter is taken into account.

The temperature is constant on the contact surface between the two objects. With this feature, the
temperature is defined and forms the basis of all temperature measurements. Experts in the field of
thermodynamics call this continuous property of temperature the zeroth law of thermodynamics.
Thermodynamics, 18. Until the end of the century, it was referred to as the science of energy, heat and
work. Likewise, heat has been described as a weightless fluid called "caloric". Engineers of the 18th

century understood that heat conserves its energy as it flows from high temperature to low temperature,
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and that a machine could be designed to produce useful work. This machine is called the heat machine,
and useful work has been generated from the heat flow.

Within a century, the science of thermodynamics has evolved into a science of energy, absolute
temperature and entropy. The constrained behavior of systems with absolute temperature approaching
absolute zero is the 3rd part of thermodynamics. It was explained by Walther Nernst by the law. Exergy
was introduced by the Massachusetts Institute of Technology (MIT) in the school of thermodynamics in
the analysis of the second law and internal thermodynamics. Environmental protection can be taken as
a basis in the analysis of energy systems and all components of energy systems. With engineering
thermodynamics, convenient and efficient solutions can be produced and implemented.

James Prescott Joule lived in a family-run brewery near Manchester, England, from 1818 to 1889. Joule
did not receive any formal education and almost no normal education in all other branches of science,[1].
He did his most important work by thinking that there may be quantitative (numerical) equations between
mechanical, thermal, chemical and electrical effects. He has worked on some digital connections in a
few different ways. For example; He investigated the thermal, chemical and mechanical effects of
electrical effects and the transformation of mechanical effects into thermal and electrical effects.

The production of heat by electric current from a wire in 1840 "I2R-heating law" showed that it is
proportional to the square of the current (I) and also to the electrical resistance (R). Later, for the
mechanical equality measurements of heat, which is one of his best-known works today, Joule made
his first experiments on this process in 1843, when he was 24 years old. His most famous experiments
were the inducing device wheel, which was operated by a falling weight, which he performed to
determine the heat equivalent of mechanical work.

Joule; Thanks to the experiments in the installation shown in Figure 2, it has been shown that the heat
obtained in the system called calorimeter is proportional to the increase in water temperature and the
work done by weight.

Figure 1. Joule's Paddle-Wheel Experiment

Thomson later designated the work heat equivalent as "J" in Joule's honor. These important experiments
were later expressed in the first law of thermodynamics, which can be applied to the cycle operating
according to a closed system,[1].

;qu—fdw=n "

If any closed system produces work over the course of a cycle, the sum of the net work done against
the environment is proportional to the sum of the net heat received from the environment.

Joule convincingly confirmed the mechanical equilibrium of heat with various experiments. He proved
that heat can turn into work and work can turn into heat. He asserted that heat is converted into work in
a heat machine based on the principle illustrated by Figure 2 taken from [1].

In his commentary, Joule defended the explanation that "nothing is lost during the operation of the heat
machine".
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Figure 2. Carnot's and Joule's Heat Machines

In 1850-1851, Thomson explained that the theory of the dynamics of heat, or Joule's principle of "the
transformability of heat and work between themselves," was the basis of Carnot's theory. He realized
that the sum of energy could be maintained without any reduction. In 1851 he published a paper entitled
"On the Dynamical Theory of Heat", based on the principles of both Carnot and Joule. Thomson was
the first to propose the idea that energy is an important property for any system of interest. "Nothing can
be lost in the functioning of nature, no energy can be lost".

Later, Helmholtz coined the term (de) as the change of the internal energy of the system. Thomson's
Dynamical Theory of Heat, along with Joule-Carnot theories, has been very important for understanding
Joule-Fourier theories. Based on these, Thomson believed that Carnot's ideal reversible heat machine
operation was acceptable. Thus, it was understood that Carnot's heat machine efficiency and the
resulting work value were maximum values, and no more could be obtained.

Thomson later published a paper on the principle of energy distribution; Carnot was pleased to bring
together the theories of Joule and Fourier in harmony. Thus, two main concepts related to
thermodynamics are explained. However, the significance of the entropy property, which would later be
clarified by Clausius, could not yet be specified.

W.J. Macquorn Rankine: lived from 1820 to 1872, gained a reputation as an outstanding
thermodynamicist in the University of Glasgow's Civil Engineering, and was a colleague of Thomson,[2].
These three scientists (Rankine, Clausius, Thomson) have built the principles of thermodynamics
science, which are available to all of humanity. The most important concepts of thermodynamics are
energy, entropy and temperature,[3].

Clausius collected his papers in 1864 in a book entitled "U function”, which is of great importance in the
theory of heat. He developed his own state function with expressions that he defined as U(V, t) and e(V,
t). Thomson first called this function mechanical energy and then structural energy. Later, Helmholtz
called it internal energy,[4].

Clausius began the study of the transmutation/conduction of heat and realized that it could take two
forms, "natural" and "unnatural”. As a result, the working principle of a heat machine that operates
continuously and has only heat and workflow between its limits has become clearer. The second law of
thermodynamics, known today as the Plank-Kelvin law, which appears in modern thermodynamics
books, was articulated by Plank. It has been explained that it is impossible to make a machine that
completes a cycle and does not produce any effect other than mass increase during heat exchange with
a single source.

Clausius, in his article in 1854, stated that heat can never pass spontaneously from a cold environment
to a warm environment unless there is any other effect. This expression is now used in thermodynamics
books by Clausius 2. He pioneered the second law of thermodynamics, which is known as his law: It is
impossible to build a machine that works according to a cycle, that does not produce any other effect
than the transmission of heat from a low-temperature environment to a high-temperature environment.
This definition paved the way for the development of heat pumps and refrigeration machines.

After long analyses, the following correlation was obtained, which is now known as the "Clausius
Inequality", which is very important for the reversible and irreversible cycle study of a system.
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This property is called entropy. Clausius defined this property by using the symbol S for the entire system
and s for the unit mass of the system. The following correlations apply to a reversible process:

d@
ds = (?)rgv 3)
and 20
soas)T (4)

The entropy of a closed adiabatic system increases or remains constant at a limit value. This is also
true for an isolated system, which is a special case of the closed adiabatic system. This is defined as
the "principle of increase in entropy".

d
as> 22
T

®)

The third law of thermodynamics; It was first formulated by the German chemist and physicist Walther
Nernst, who lived between 1864 and 1941. The third law of thermodynamics deals with the restrictive
behavior of the system when the temperature approaches absolute zero. Most thermodynamics use
only entropy differences in their calculations. Because of this, the zero point of the entropy scale has
not usually been significant, but it is considered because the third law of thermodynamics explains the
zero entropy condition. The Third Law of Thermodynamics; It is defined as "When the temperature of
the crystal is equal to the temperature of absolute zero (0 K), the entropy of the ideal crystal is zero".

2. TEMPERATURE

Thermometers used to measure the temperature of objects are generally based on the thermal
expansion of substances. Some remarks on the historical development of the thermometer and
temperature scale can be made in the following way. In addition to the commonly used Celsius
temperature scale, the absolute or Kelvin scale is commonly used for scientific purposes. The gradation
of both scales is the same, so that the melting point of ice is 0 degrees and the boiling point of water at
normal pressure is 100 degrees. The temperature measurement values of these fixed fixed points are
as follows.

0°Cand100°Cor273,15K and 373,15 K. (6)

The terms hot and cold are, of course, ancient, but the quantitative detection of these sensations did not
occur until the early 17th century, when modern scientific conceptualization began in other fields as well.
Temperature was introduced and defined-it was originally sometimes referred to as a thermometer-but
it's unclear who first invented a scale-working thermometer.

The Venetian diplomat Gianfrancesco Sagredo initially thought that the air thermometer had been
invented by the Paduvan physician Sanctorius Sanctorius (1561-1636). However, his venerable master
Galileo Galileo Galilei (1564-1642) declared that he had made this invention and that he was the
inventor, and Sagredo accepted this claim,[5].

The Welsh physician Robert FLUUD (1574-1637) seemed to know a few primary claims and interpreted
them as follows:

»--- the instrument has many counterfeit masters or patrons in this our age, who, because that they have
a little altered the shape of the model, do vainly glory and give out, that it is a masterpiece of their finding
out.”. Fludd wrote that he read about a thermometer in an ancient manuscript that was at least five
hundred years old.
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Figure 3. Fludd's outdoor thermometer (1626)
Alcohol-Water Filled Closed Florence Thermometer (1641)

A weather thermometer is shown on the left side of Figure 3, illustrated by Fludd in his book
"Meteorologica Cosmica",[6]. As the outside air warms, the air inside the sphere expands, pushing the
water column toward the bottom. It should be noted that this "thermometer" also reacts to external air
fluctuations, and with this feature, it becomes a barometer. This dual function can be avoided with the
thermometer kept closed. One of the oldest devices is shown in Figure 3. The globe is filled with a
mixture of alcohol and water "spirit of wine". When a hot object is touched to the sphere, the mixture in
the sphere expands into the vacuum in the pipe, the upper end of which is closed. This thermometer
has been called the Florence thermometer.

Daniel Gabriel Fahrenheit, a German physicist, engineer, and glassmaker, discovered the glass-bodied
mercury thermometer in 1714. He developed a temperature scale of Fahrenheit, which was later named
after him,[5,7].

Back to Sagredo and Galileo: On February 7, 1615, Sagredo wrote to his teacher and master, Molto
lllustre Signor Eccellentissimo, in which he described his observations with thermometers,[4] in which
he described his observations with his thermometers. The beautiful translation of the sentence in the
middle of the letter is as follows:

"With these instruments, | was able to clearly see that our well water is much colder in winter than in
summer;... even if our senses judge him differently."

Sagredo also mentions degrees. It is not known how he identified them. Everyone had their own rating,
and the number of degrees decreased as the temperature rose, such as the Fludd thermometer in Figure
3 or the thermometer of the Englishman John Patrick, made around 1700, and bore the following
definitions:

90° Extream Soguk .  55° Soguk Hava. 15° Bogucu.
85° Buylk Don. 45° lliman Hava. 50 Cok Sicak.
75° Sert Don . 35° Sicak hava. 0° Asir Sicak

Subsequently, many scientists strived for a uniform scale, and it was soon recognized as useful to
present two fixed points. The Neapolitan professor Sebastiano BARTOLD (1635-1676) proposed snow
and boiling water temperatures, but this was not immediately accepted. Other interesting suggestions
include:.

the freezing point of water and the melting point of butter,

the temperature of a salt-ice mixture and a deep cellar,
The freezing point of water and the human body temperature.
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The last suggestion came from Isaac Newton (1642-1727); He divided the interval into equal parts by
freezing at O and body temperature at 12.

The Gdansk merchant Daniel Gabriel Fahrenheit (1686-1736), for some unknown reason, believed that
three fixed points were better than two. He explained them as follows:

the temperature of the mixture of ice, water and "sea salt",
the temperature of such a mixture without sea salt, and
temperature in the armpit of a "healthy living man".

These temperatures are; It is defined as 0 degrees, 32 degrees and 96 degrees. The number 96 reflects
the 12 divisions of Newton, except that Fahrenheit divides each Newton degree eight more times. Later,
Fahrenheit modified this scale so that the boiling point of water is 212 degrees, exactly 180 degrees
above the freezing point. Thus, the body temperature has reached 98.60 Fahrenheit. This scale is still
used today in the United States.

The scale used today dates back to the Swedish astronomer Aulus Cornelius CELSIUS (1701-1744),
who set the freezing point at 0 degrees and the boiling point at 100 degrees; therefore, Celsius also
counted "backwards".

It was not until his successor, Marten STROMER (1707-1770), as director of the Uppsala Observatory,
that the direction of the census was reversed. The basis for this is that the observatory has published
daily weather observations. On this day, the beginning date of the "Celsius" scale, which is familiar in
the world, is April 13, 1750, six years after the death of Celsius.
From the information provided, the conversion between measures C and F on the Celsius and
Fahrenheit scales is determined through the following equation.

C =5/9 (F-32) (7)

3. HISTORY OF PRESSURE AND BAROMETRIC PRESSURE, PRESSURE UNITS

Evangelista TORRICELLI (1608-1647) was Galileo's collaborator and commissioned Torricelli to
investigate the operation of a water lifting pump. Figure * shows the principle outline of such a pump.
When the plunger is lifted, the water underneath the plunger is lifted with it. This was explained by the
"fear gap" of nature at the time; Because if the water did not follow, it is clear that there would be a
vacuum under the bottle.

However, a column of water cannot be lifted more than about 10 m in this way, and with further lift a
vacuum is actually created under the piston. Toricelli explains these observations as follows: He says
that air has a weight, and this weight is heavier on the surface of the water outside the pump. When the
piston is lifted, the water is forced into the cylinder by the weight of the air, and the water pressure rises
until it is equal to the air pressure.

5. CONCLUSION AND EVALUATION

All engineering applications involve an interaction between matter and energy. Therefore, it is impossible
to think of a field of study that does not concern thermodynamics.

For this reason, it is very important for the sustainable environment and life here that the principles of
thermodynamics are taught well and that the practitioners make their designs according to these
principles.

Some of the application examples are; It can be called an electric or gas oven, pressure cooker, kettle,
iron, computer, television or video set. In addition to these, automobile engines, thermal and nuclear
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power plants, and renewable energy plants established based on wind, solar and geothermal resources
within the scope of sustainable environment can be counted.
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OzZET

Bildiri, faz baglantili malzemelerin siniflandiriimasini, faz baglantili malzemelerin Uretimi icin teknolojik
surecleri, bunlardan optik fiberleri ve bunlarin gesitli alanlardaki uygulamalarini ekolojiye vurgu yaparak
incelemektedir.
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ABSTRACT

The report examines the classification of phase-coupled materials, the technological processes for the
production of phase-coupled materials, optical fibers from them and their application in various fields
with an emphasis on ecology.

Keywords: Phase Coupled Material, optical fibers, ecology

1 Classification and physical properties

Binding materials are divided into:
« for connecting individual layers (bimetallic pairs, springs);

« for connection between the particles of different materials (powder metallurgy, electrical contacts from
the elements and compounds Ag/CdO, Ag/SnO2, Ag/ZnO, sintered magnets, magnetosensitive flat
elements, nozzles, flood distributors and connection of metallic and non-metallic components in artificial
formed structure - toners for reproduction and printing equipment and control grids-figure 1) [1];

« for connecting individual parts (infiltration of sintered materials with a high melting point with metals of
a low melting point in electrical contacts, for example from the combinations Wo-Cu, WoC-Ag, WoC-Cu,
Wo-Ag);

« for phase bonding, which in turn are subdivided into: metallic compounds (Fe, Ni, Wo, steel), non-
metallic inorganic (Br, SiC, Al203, glass) and organic compounds (artificial carbon-based materials,
cellulose), materials with mixed structure (metals, ceramics and organic substances such as graphite
and epoxy) and hybrid composites (organic and carbon fibers reinforced with nanotubes or with SiC
fabric and layered silicates) (figure 2) [2].

The properties of phase-bonded materials depend on the properties of the specific combination and
their structure. With the first, the properties of the individual components and those of the part (product)
are summarized. Table 1 presents the parameters of the most important materials.

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.
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c)
Figure 1. Zirconia nozzle, alumina fluid distributor and
high aspect ratio zirconia-alumina microstructures

b) <)

Figure 2. Details sintered from steel and bronze (upper left), from phenolic resin (left),

planetary gear from ROM and microharmonic gear from metal composite NiFe and
MoSiz powder [3]
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Table 1. Parameters of phase-bonded materials,[3].

|Material DensSity, Ibeennséliig), strength Modulus of elasticity,
g/cm N/mm? N/mm?

Canvas in the form of a mat 1,45 160 12500

sc,:t?:c\;/ti?e with a three-dimensional 1,72 68 2000

Canvas with multi-layer structure 1,93 526 33000

Glass phaser (S-glass) 2,50 3100 38000

Aramid fiber 1,0-1,4 3600 130000

Standard carbide 1,80 3500 220000

Special carbide 1,80 5600 300000 - 500000

Boron and silicon carbide 2,00 - 3,00 3500 400000

Borosilicate glass 2,31 - 64000

Especially borosilicate glass 2,28 - 64000

Electric glass 2,25 - 68000

Ceramics (Al203) 3,99 500 380000

Kevlar - 3,6-3,8 GPa 0,06-0,18 TPa

The rule for mixing phase-related materials is based on the required modulus of elasticity Ec, which
must be obtained in the new composite. With pure elastic deformation of the material and the lattice, the
module Ec is determined by the formula:

VcEc = EFVE + EMVw, (1)

where Vc is the volume content of the phase-bonded composite, %; Er - modulus of elasticity of the first,
connecting component, N/mm?; Ve - volume content of the first component, %; Em - modulus of elasticity
of the second, the base component, N/'mm?; Vwu - volume content of the second component, %.

1.1 Example:

Eag = 75000 N/mm?Z, Esteet = 180000 N/mm2, Ec = 130000 N/mm?2 at 36% volume content of steel.
With plastic deformation of the grid and elastic deformation of the joint, the modulus of elasticity of the
phase-connected material Ecs is calculated by the formula:

Ece=Er.Vr+dowmdEwm. Vm. (2)

The new composite must always contain a certain volume of binder (phaser). Below this value, detail
gain depends only on quantitative parameters and not on phaser properties. The minimum volume of
the required phaser Vmin is calculated:

Vnmin = (oBM - om)/( ©BF - GBM - OwMm). 3

The properties that determine the shape, size and location of the individual components are considered
as properties of the structure, for example, magnetoresistance effect and Holl effect for magneto-
sensitive elements - magnetoresistors and Holl elements - made from the InSb-NiSb eutectic mixture.
Figure 3. Hybrid composites — organic and carbon fibers reinforced with BNT and combination with SiC
fabric. Polymer-matrix nanocompo-sites consist of a matrix composed of a polymer material and a
second phase (usually a few % by weight) that is dispersed in the matrix and has nano-scale dimensions.
Examples of different types of braids in phase-bonded fabrics in the form of a single-layer mat, bulk and
multilayer structure are given in Figure 4.
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Figure 4. Placements of braids in phase-connected materials

To determine the electrical properties, the specific resistance of the new composite is calculated in the
transverse and longitudinal direction peg. and pover., respectively, in series and parallel connection,
according to the formulas:

Peg. = p1V1 + pZVZ, (4)
1/pover. = VEl p1 + Vm/ pm. (5)

2. Technological processes for the production of phase-connected materials

The technological processes for the production of phase-connected materials are mainly divided into [4,
5,6, 7]

« direct (for existing semi-finished products);

« indirect (for the production of the materials in a single process).

Direct processes, in turn, are subdivided into:

» method of production of webs reinforced with phase-connected composites;

» method of manufacturing light conductors from phase-connected materials.
The method of fabricating reinforced webs is shown in figure 5. On the right is a picture of plasma
injection molding on silicon carbide [8].
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Figure 5. Production of reinforced canvases by plasma injection molding
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Figure 6. Operations for the production of light conductors from phase-connected materials
Legend: 1-beam-phaser, 2-melt, 3-water, 4-ring of synthetic material, 5-foil-phaser, 6-tube, 7-tube of
synthetic material, 8-capsule detonator, 9-ring, 10-material, 11-head, 12-core, 13-ref

The second direct method of manufacturing light guides from phase-connected materials is carried out
in the sequence: after vertically infiltrating the beam through an inductively melted structure, the pressing
operation is applied to obtain a continuous light guide from a material with a uniform structure. Hollow
parts reinforced with phase-bonded materials can be assembled by explosive welding. Figure 7 shows
the operations of the light guide manufacturing method, and on the right are examples of optical light
guides and fiber optic light cables [9].

deformation of filaments with a common mantle
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Figure 7. Withdrawal and solidification of a bundle of phase-bonded material
Legend: 1-melt, 2-crucible, 3-heating, 4-flow, 5-phase distance d in the solid, 6-isolation, 7-
cooling

The indirect method is designed to change the shape of threads wrapped in a common sheath (bundles).
The production of the bundle itself is done by targeted hardening of the eutectic mixture. The mechanism
of solidification and drawing through nozzles is given in Figure 7.

112



4. RUMELI SURDURULEBILIR CEVRE ICIN ENERJi VE TASARIM SEMPOZYUMU

4rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
8-9 Subat 2024 / February 8-9, 2024

Halig, ISTANBUL

3. Technological processes for the production of optical fibers from phase-connected materials
with short fibers

The technological process for obtaining them consists of the operations (Figure 8):
* separation in a gas environment;
* reduction of metal halides;
* electrolytic deposition.

Figure 8. Chemical precipitation in gas phase

Legend: 1-support tube,2-heater,3-chlorinated quartz,4-germanium,5-suction,6-precipitated bed
Example of reduction (substitution) of a metal halide: after chemical bonding, the halide is vaporized at
a temperature between 400° and 900° C and reduced in a gas environment with oxygen. The resulting
metal condenses on the wall of the reactor chamber, settles and can be collected. The so-called W-type
optical fibers with a double optical sheath and a dispersion of about 1.3 um are obtained [10, 11].

3. 1. Production of thin optical fibers

The technological process for the production of thin, continuous fibers for light guides and waveguides
includes the operations:

* plastic deformation in the solid state;

« chemical reaction;

» deformation in liquid state.

Deformation in the solid state is carried out by the method of conventional drawing through

nozzles, often referred to in the specialized literature as the "Brunswick" method [12]. The resulting
minimum diameter of the drawn fiber is determined by the superior properties of the target material and
drawing transitions and reaches 5 um. To remove tarnish, the fiber is rolled through a liquid. Figure 9
shows the principle of plastic deformation in the solid state.
A prerequisite for the chemical reaction in the production of continuous fibers from a phase-bonded
boron-based composite is the support of tungsten fibers and their heating to a temperature of 1100 °C
in an electrical resistance manner. The reaction is a thermal substitution of boron in an environment of
hydrogen and is often called a chemical reaction (CVD-method) according to the formula:

2BCls+3H2=2B+6HCI (6)

Figure 9. Drawing continuous fiber through nozzles (left)
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Figure 10. Chemical reaction to produce fiber from a borum-based composite
Legend: 1-Feeding Spool 2-Tungsten Filament 3-Response Zone 4-Filament Winding Spool

The deposition rate is 2-3 um/s, and the thickness of the resulting layer is about 40 um. Figure 10 shows
a schematic diagram of the operation. Deformation in the liquid state can be carried out by the method
of melt flow through a nozzle and by the Taylor method [13, 14, 15, 16]. The material is melted by
induction.

Figure 11 illustrates the preparation of a fiber by deformation in the liquid state. On the right, the principle
diagrams for the production of a light guide from glass-core and glass-sheath by the rod-tube method
(A) and by the double crucible method (B) are indicated. The difference is that in method (B) both types
of glass are melted in separate crucibles before being drawn simultaneously through a concentric double
nozzle [9,11].

Figure 11. Deformation in the liquid state by induction and Taylor's method

Legend: 1-glass jacket, 2-melt, 3-nozzle, 4-fiber, 5-cooling disk, 6-output rod, 7-induction heating coil,
8-microfiber, a-glass tube, b-glass rod, ¢ -furnace, d-melt-core, e-inner crucible, f-melt-shell, g-outer
crucible

114



4. RUMELI SURDURULEBILIR CEVRE ICIN ENERJi VE TASARIM SEMPOZYUMU

4rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
8-9 Subat 2024 / February 8-9, 2024

Halig, ISTANBUL

4. Appendix

Phase-connected composites are applied as materials in superconducting parts (NbTi, NbZr, NbzSn in
copper, bearing structures) and reinforcing materials in aircraft-rocket construction, in light and
protective structures, sports equipment. The production of contacts from phase-connected materials is
carried out by plastic deformation in presses or hammers depending on the percentage of nickel in the
material (Ag-Ni 20, Nimonic 80A, etc.). Figure 12 shows the sequences of work and the deformation of
the material in both variants (in presses - on the left).

In particular, the asbestos-cement composite (eternite), discovered in 1900 by the Austrian L. Hacek,
was particularly violently imposed in the production of eternite pipes, but due to its carcinogenicity it was
stopped and already replaced by materials such as Dolanit (company Hoechst AG Germany) and
Kuralon (company Kuraray Japan), produced on the basis of polyacrylonitrile, Fibrix for mixing with
concrete (beton) and others. However, the complete replacement of asbestos remains impossible.
KURALON™ is a synthetic fiber made from polyvinyl alcohol (PVOH) that is used in many industrial
applications [18]. DOLANIT® - Polyacrylonitrile Copolymer is with 6% methyl acrylate and its suitable
solvents are DMF, DMAc, DMSQO, it provides good acid and alkali resistance as well as excellent
hydrolysis resistance up to 125°C, and its application is for pipes, tiles and others [19] .

Figure 12. Kuralon, Fibrix and Dolanit

Phase-bonded composites are also used in the production of clutch and brake linings in the automotive
industry, as well as in the household for flower pots and various containers. In Figurel3 on the right,
examples of wear-resistant microstructures such as turbine blades, details of drives and closing
mechanisms in cars are given. Kevlar-29 and Rayon composites are very popular, which make it
possible to produce fabrics of any desired length. Rayon is a semi-synthetic fiber (viscose) produced
from natural sources of regenerated cellulose, such as wood and related agricultural products [20].
Currently, phase-connected composites with "physiological" properties are already being implemented
in medicine and biotechnology, combined optoelectronic microsystems for various purposes, neural
networks for artificial intelligence, etc.
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Figure 13. Technological process for microcontact and wear-resistant structures from phase-connected
materials

The properties of phase-bonded composite materials such as high tensile strength, lightness due to low
density, lack of thermal expansion in the longitudinal direction, heat resistance in oxidizing environments
up to 350°C, corrosion resistance to acids, alkalis and solvents with the exception of oxidizing
environments and resistance to radiation in known radiation to high doses, etc. make them suitable for
application in ecology, examples of which are shown in Figure 14- pipes for drinking water, tides, shafts,
hydroelectric plants, filters, nanocellulose for packaging and renewable energy sources. Another
promising nanotechnology application is Durethan, the material that makes parts of drug packaging.

Figure 14. Application of phase-related materials in ecology [17]
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OzZET

Bilginin ekonomik olarak kar getirici urlin ve surecglere donusturilmesi anlaminda kullaniimaktadir.
Tarkiye'de teknolojik inovasyon icin de bilim ve teknoloji gelistirmek igin buylk bir potansiyel
bulunmaktadir. Ne varki bu potansiyel inovasyon igin yeterince kullanisli hale getirlememektedir. Bu
calismada, Turkiye’nin inovasyondaki temel yanilgilari ve ¢6zim yollari gindeme taginmaktadir. Bu
cergevede, inovasyon anlayisini gliglendirmek igin bilginin kullaniimasi ve Uretiimesine dayali egitim
tartisiimakta; Glkemizde Universite - sanayi igbirligini zorunlu kilacak; bilim ve arastirma hedeflerinin
hayata gecirilmesi konusu ele alinmaktadir. Bulus temelli ekonomiye gecilmesi ve yerli Gretimi korumak
igin intiyag duyulan tedbirler ve sistemler giindeme getirilmektedir. Israfsiz ve gevreci Uretim,
yenilenebilirlik, sade ve dogal hayat, insan mutlulugu ve konfor gibi cagimizda 6ne ¢ikan inovasyon
hedefleri yerine nigin rant ve tiiketim ekonomisi agirlik basmaktadir sorusuna cevap arandi. Bu soruya
cevap olarak, mesleki hayatin ahlaki, kiltirel ve felsefi temellere oturmasii igin gerekli egitim yapi ve
anlayisi giindeme getirildi.

Anahtar Kelimeler: inovasyon, yenilik, bulus, ekonomi, egitim, teknoloji transferi, (niversite-sanayi
isbirligi

ABSTRACT

Innovation refers to the generation of new knowledge, the combination of existing knowledge in different
ways, or the transformation of knowledge into economically profitable products and processes. Turkey
has a great potential for technological innovation and for developing science and technology. However,
this potential is not sufficiently utilized for innovation. In this study, Turkey's main misconceptions and
solutions in innovation are brought to the agenda. In this framework, education based on the use and
production of knowledge is discussed in order to strengthen the understanding of innovation; the
realization of science and research targets that will make university-industry cooperation compulsory in
our Turkiye is discussed. Measures and systems needed to transition to an invention-based economy
and to protect domestic production are brought to the agenda. An answer was sought to the question
of why the economy of rent and consumption dominates instead of the innovation goals that stand out
in our age such as wasteless and environmentally friendly production, renewability, simple and natural
life, human happiness and comfort. As an answer to this question, the educational structure and
understanding necessary for professional life to be based on moral, cultural and philosophical
foundations were brought to the agenda.

Keywords: Innovation, invention, economy, education, technology transfer, university-industry
cooperation

1. INTRODUCTION

One of the favorite words in the world of science and technology is innovation.The concept of innovation,
which is used as "innovation" in English, is given as ‘yenilik’, “yenilesim” (TDK) in the Turkish dictionary.

However, the connotations of these words do not fulfill innovation neither in terms of its conceptual
dimension nor its content. Because innovation is more than 'yenilik(novelty)’; it refers to the reflection of
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novelty in life. We can say that the word "lhtira", which in Ottoman Turkish means novelty and invention,
both a process and a result, is a more appropriate term for patenting, not innovation.

It overlaps with the concept of "yenilesim (innovation)"that we encounter in some texts in Turkish only
in one aspect. Since innovation consists of many activities, it needs to be managed. Therefore, the
concept of "Innovation Management" makes sense. Although innovation is similar to research and
development (R&D) in terms of being a process, it differs in terms of method. In R&D, the systematic
and method is predefined and clear. In general, the use of tools with scientific legitimacy is obligatory.
However, we cannot say that there is such an obligation in the innovation process.

There are indicators that innovation-oriented activities are increasing. If innovation is sustained, there
is an increase in competitiveness and this means that you become stronger in the economy and
technology. The industrial unemployment rate decreases; the national income per capita increases and,
in parallel, there is an increase in the welfare level of the society. As a matter of fact, today, an important
condition for both companies and countries to survive in an intensely competitive environment is the
development of innovation capabilities. If firms at the micro level and countries at the macro level
improve their innovation capabilities, their competitiveness will increase. As a result, the innovation
performance of firms directly affects the innovation performance of countries [1]

Innovation is closely related to the generation of new knowledge, the combination of existing knowledge
in different ways, or the transformation of knowledge into economically profitable products and
processes. A country has national and regional innovation systems. These systems make very
important contributions to regional and national development by increasing competitiveness. University-
industry collaborations play a leading role in this process. R&D institutions play an important role in
this cooperation. Likewise, technopolises and technoparks, innovation transfer centers and
development agencies also play an important role in this process.

Countries with a high degree of innovation capability and an effective national innovation system easily
enter into a sustainable economic development process. The basic competitiveness of the country
increases. At this point, continued investments in R&D activities and the presence of human resources
are important. These are not enough. At the point of supporting entrepreneurship, access to financing
should be facilitated and risk capital should be sufficient. Likewise, intellectual property rights should be
protected and the way for technological activities and industrial clusters should be open [2].

In achieving a sustained technological performance, imported technology is in no way a substitute for a
certain innovation capacity of the country itself, built on a solid scientific foundation. The innovation
capacity of a society develops through learning by doing/practicing and research and through the
adoption of know-how. Accordingly, the educational structure in our country, which emphasizes test-
based knowledge loading and exams, constitutes an obstacle to the establishment of the understanding
of innovation in society. Because we can develop the understanding of innovation in society through
discovery-based and invention-based educational environments. It is not possible for innovative,
inventive and entrepreneurial young people to emerge in educational environments where what is known
is repeated. For this reason, we believe that it is of vital importance that this concept is included and
well understood in the curriculum and subjects of education in our country. Both the underappreciation
of this importance and the ambiguity and confusion in the concept of innovation led us to prepare this
article. This study seeks to answer the question 'why have we not been innovative and productive
enough?'; for this purpose, the misconceptions and misconceptions that exist in our country about
innovation are examined.

In a study titled "An Evaluation of Innovation Measurement in Turkey" (Atik and Elverdi, 2020),
innovation measurements in the Turkish literature are discussed conceptually. In this review of
innovation measurements developed in Turkey, it is pointed out that innovation measurements in Turkey
started in the 2000s, and the activities of four important institutions, namely the Istanbul Chamber of
Industry (ISO), the Turkish Exporters Assembly (TiM), the Turkish Statistical Institute (TUIK) and the
Scientific and Technological Research Council of Turkey (TUBITAK), are mentioned [3].
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2. WHAT IS INNOVATION AND WHAT IS IT NOT?

Mehmet Dogan, former President of the Writers' Union, introduces his article as follows: "When did
"innovation" become a frequently used word? We are keen on novelty, so we picked it up immediately!
Meetings and fairs are held under this name. Our Prime Minister was at the closing ceremony of one of
these fairs. "Let's call it 'applied invention’, not innovation."

Mehmet Dogan concludes his article by giving the meanings of the related terms in the dictionaries and
the changes in their meanings over time:

"There is an institution in Turkey that deals with these matters: Patent Institute. The foundation of this
institution, the original of the Patent Institute, was laid in the 1870s, during the reign of Sultan Aziz. As
we browse the website of the Institute, we are struck by the sentence "to monitor the use of inventions",
which is listed among the duties of the Institute. We cannot find the words "invention", "invention", "ibda"
or "discovery" on this website. Apart from "invention”, we also notice the concept of "industrial property".
This institution is responsible for industrial property rights in Turkey. We seem to be left with three
concepts: Invention, patent and industrial rights. Patent means a privilege, a patent of invention.
Industrial rights are patent rights...

Why is there a need for so many words in a country like Turkey, which is devoid of inventions? If you

say "invention", "ibda" would be more important! If you say "ibda", one might say which “ibda". If you
say invention, what about discovery? We might as well just say it in giaour!"[4]

Although “ihtira” refers to both a process and a result in Ottoman Turkish, we cannot use it in the sense
of innovation. It is an innovation in the sense of new machine/device production or new method and
design, and we can say that it corresponds to a patent. "Patent Practice in the Ottoman Empire: Ihtira
Berat Law" discusses the historical development of the Ihtira Berat Law [5].

Since innovation is a process that results in a new output that produces value, there are four main
characteristics of innovation. Innovation is a "process". Atthe end of this process, a product will emerge.
So we are talking about "output". This will be a "value-producing"” output and it has to be "new". Let us
underline a point that is often confused here. Innovation should not always be seen as the emergence
of something that has never existed before. It can, and often does, manifest itself by bringing together
two previously mismatched things in different fields.

Let us dig a little deeper to better understand the issue of an output that has "started to produce value".
This value is not just "monetary value". It can be social or strategic value. Whether it is physical or
service in nature, the important thing is that this value is worth the effort.

By value, we mean that it has been accepted by the target audience and has begun to spread. Ifitis
a new process, it will be used in the area where it is applied. For example, cost reduction or an increase
in the quality of the process is within the scope of innovation.

In invention and discovery, it is not very important whether the product (output) has an economic value.
What is important is the existence of innovation. In fact, this innovation does not even have to be
physical. Patent applications do not require physical realization. However, the innovation must be
accepted in the field of use for which it is intended. Therefore, there is no failure in innovation. However,
inventions may fail [6].

As mentioned above, innovation, as a concept, refers to both a process (innovation/renewal) and a result
(novelty). The EU and OECD literature emphasizes more on the process aspect of innovation and
generally uses the following definition: "the process of transforming an idea into a marketable product
or service, a new or improved method of production or distribution, or a new method of social service".
This transformation process should result in a "marketable, new or improved product, method or
service". In this respect, innovation is close to invention. However, it does not always reveal a new
discovery in this process. Adding innovation to what has been discovered and opening new paths in
different fields are also considered within innovation [7].
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Innovation is defined as "the realization of a new or significantly improved product (goods or services)
or process, a new marketing method or a new organizational method in internal practices, workplace
organization or external relations". The basic requirement for an innovation is that the product, process,
marketing method or organizational method is new to the enterprise. Joseph Schumpeter stated that
economic development is driven by innovation activities, where new technologies replace old
technologies, and referred to innovation as "creative destruction" [8].

We have brought up definitions of innovation from different perspectives. One of the most important
points that draws our attention in these definitions is the "marketability” of what is produced, both in
terms of process and result. The second important point is that there is no qualification on the "idea"
subject to transformation. This idea can be related to either traditional technology areas or high-tech
areas, provided that it produces a marketable result. Innovation is the transformation of science and
technology into an economic or social good.

In light of these explanations, we can summarize the issue as follows. Innovation is "the renewal of
science and technology for economic and social benefit." In other words, it is the transformation of an
idea in science and technology activity into a benefit in terms of theory, action and result; it becomes a
marketable, tangible output. Innovation is not a simple meaningful renewal. It involves a process that
starts from the theoretical stage of innovation and includes the innovation product and accepts its
marketability.

As is known, definitions have two basic functions. The ancients formulated these two functions with the
phrase "all-rounder, all-important”. In other words, definitions should both incorporate all the basic
features of the concept and distinguish it from similar concepts. With these explanations, we believe that
the definition of the subject has been realized. However, further explanations are needed to clarify how
the subject differs from invention.

2.1 Is Innovation an Invention?

Innovation should not be understood as an invention. One of the best examples that distinguishes
innovation from invention is the development of the Singer sewing machine. Perhaps you think that
Isaac Singer is the one who invented the sewing machine and thus gave it its name. The inventor of
the sewing machine was Elias Howe of Boston (1846). However, Howe failed to turn his invention into
an innovation. Therefore, he lost the chance to nhame the machine after himself and make billions of
dollars from it. Singer did it. Singer became the brand and name that comes to mind when it comes to
sewing machines all over the world because it turned Howe's invention into practice and social benefit.
Singer took advantage of Howe's patent for the sewing machine.

Inventions and patents offer great opportunities for innovation. Patents are the most important clues and
starting points for innovations. Since entrepreneurs want to maintain their competitiveness by
developing new products, production and management, they constantly monitor and examine patents
in their field. To this end, they give priority and importance to Research and Development (R&D)
activities.

Entrepreneurs are constantly seeking innovation. They are expected to innovate, not invent. What is
important for entrepreneurs is to transform patents and inventions into social benefits. The most
important way to do this is through R&D studies and university-industry cooperation. Only in this way
can industrialists increase their market share and profitability and increase their competitiveness.

2.2 Misconceptions on Innovation

Power and wealth are not about having big factories and machinery, production and capacity, and
expanding your business. However, the area where Turkish capital invests the most is machinery.
However, the new understanding is to free itself from machines and production as much as possible
and to focus on what constitutes real value, efficient and natural production that takes into account
spiritual and human values. In the new understanding, innovation for technology in the service of human
beings comes to the forefront, and wastefulness, efficiency, simplicity and natural life come to the fore.
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Therefore, the new understanding is not interested in how many pieces of work machines produce, but
in how much value machines produce.

Turkish companies, on the other hand, still continue to invest in machines with an endless appetite.
Undoubtedly, this understanding is turning our country into a technology dump. We see that our
industrialists do not understand R&D issues such as "Industrial Design" correctly. They think that R&D
means paying license fees to foreign patents without obtaining a single patent. Many institutions have
established R&D units, but have not realized that using materials purchased from different sources is
not R&D. They also failed to grasp the difference between cheap laborer and cheap labor. They thought
that costs could be reduced by increasing worker productivity. He has not yet met professions such as
"Value Analysis" and "Logistics Engineering". It can export to markets that its licensor deems
unprofitable for it only with permission. Our politicians understand innovation as "technology transfer
from outside by paying for it" [9].

As someone who spent nearly 2 years in Germany on a scholarship (Alexander von Humbold
scholarship), | would like to address an issue in the light of my observations there. In Germany, chemistry
undergraduates are enrolled in the department with high scores. The majority of graduates enroll in a
PhD program. Most of the PhD graduates find jobs in the sector for R&D work. In recent years, chemistry
departments, like physics and biology departments, have been closed down or unable to find students.
When we visited a Siemens factory there, | learned that there were about 40 thousand R&D personnel
and half of them were PhDs.

How many chemistry undergraduates get PhDs for R&D and find jobs as R&D employees? These
observations show the wrong understanding and practice in basic science in our country [10].

How can we explain the lack of serious research centers and laboratories outside TUBITAK?
However, every medium-sized manufacturing company should have an R&D unit and clusters should
be established so that knowledge can flow from universities and research centers to companies.

3. NATIONAL INNOVATION SYSTEM

Innovation is not a separate activity in itself. It is an event that covers all processes of science and
technology activity. Each country, each field of scientific research, each industrial unit is expected to
formulate an activity that encompasses such a wide range of theory, action and output processes
according to its own characteristics. Countries draw their own innovation strategies according to their
national priorities. All elements such as power, brainpower, universities, planning, opportunities,
industry, technology, industry and the market are parts of innovation. In order for innovation activity to
work, it must be embraced and supported by all segments of society and the ruling power.

Another issue we will emphasize here is the National Innovation System. The National Innovation
System constitutes the infrastructure for becoming competent both in producing science and technology
and in rapidly transforming science and technology into economic and social benefits.

What does it take for the country itself to have a solid science base and a certain innovation capacity?
This question introduces us to the concept of the National Innovation System.

What is the state of our National Innovation System? Let us first elaborate on what this system means
and what it aims to achieve.

The national innovation system means the macro-level organization of the ability to rapidly transform
science and technology into economic and social benefits. From this perspective, every discussion from
national education to urbanization, from environmental problems to national security, from employment
to the restructuring of public administration is evaluated within this context.

Beyond the institutional mechanisms for producing science and technology, the national innovation
system includes the institutional mechanisms for transforming scientific and technological findings into
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economic and social benefits. This is because it is not possible for any country, sector or business that
does not have the ability to transform scientific and technological findings into economic and social
benefits to survive in a world that is open to international competition and where traditional protectionism
has been abolished.

The national innovation system, in general,

1 - To be able to acquire new technologies related to products or production methods; to be able to
assimilate and use these technologies; to be able to ensure the diffusion of these technologies to all
fields of activity of the economy;

2 - Product development, designing new products;

3 - To be able to develop a new production method together with new product design, to be able to
design a new method;

4 - To be able to design and manufacture the production machines required by the developed or new
production method;

5 - To be able to continue technological research and development activities that feed the
aforementioned design and production processes; to be able to produce the technologies needed based
on scientific findings and to be able to produce the science that constitutes the source of those
technologies;

6 - It refers to a system formed by national institutions that have the ability to develop organizational
methods that regulate the relations within and between research, development, design, production
(manufacturing), marketing processes and reproduce them at higher levels and the relations between
them [11].

3.1 Barriers to the National Innovation System

The pace of scientific and technological change in the world is increasing day by day. The technology
we have can remain up-to-date for a maximum of 6-7 years. After a while, a much more modern and
advanced, more practical, faster, higher quality and cheaper version of this technology is introduced to
the market. In this case, your competitiveness weakens and it becomes difficult for you to survive. You
are forced to renew your technology. In this case, you encounter the reality of innovation and start R&D
studies. Because without research and development (R&D), it is not possible for the industry to survive.

It is unthinkable that our industrialists are not aware of this fact. So why don't they knock on the doors
of universities for R&D?

Why can't necessary and sufficient communication links be established between the public and the
university? We give the following answer to this question: Higher Education Council (YOK) system has
established an unsustainable structure that virtually prohibits university professors from serving the
public. For example, there are serious obstacles to counseling. However, we can explain the most
important obstacle as follows. R&D work requires serious financial resources. Industrialists cannot
afford this finance. The industrialists, who are fighting for life and death under the current conditions,
do not have the money to allocate for R&D.

Another obstacle to the real establishment of industry-university cooperation is the extraordinarily high
costs. This is because price mechanisms in our country do not function according to free market
conditions.

Customs, tax policies, base purchase prices cannot be determined by taking into account the realities
of our industrialists' ability to compete with world countries. Taxes on petroleum, electricity prices,
communication, etc. are often higher than European countries and even the USA. In addition, the
excessive complexity of bureaucracy frustrates the entrepreneur.
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Therefore, large conglomerates in our country outsource their technologies through patents, licenses,
know-how and engineering agreements. Many of them already have partnerships in multinational
companies. Therefore, there is no need for R&D studies for innovation, and R&D units within the
company serve their departments in the field of ready-made and imported technologies rather than
conducting research. In other words, they try to survive with imitation and copy technologies. Small and
medium-sized companies, on the other hand, do not have R&D units.

Both TUBITAK and universities support a humber of practical researches. However, the research
understanding of universities in our country has become predominantly indexed to publishing only to be
put in the file for academic promotions.

The purpose of doing research in universities is this: To obtain something for the benefit of society from
the results of research. However, this aim seems to have been forgotten in our universities. For this
reason, it is not questioned what the increase in our ranking in citation indexes such as WOS (Web of
Science) brings and what our people gain from it. The extraordinary sums allocated to YOK and
TUBITAK are spent on "file publications" that do not benefit the public. This is diametrically opposed to
Turkey's innovation efforts. Unless Turkey changes these attitudes, it is unlikely to establish a national
innovation system.

As aresult, the current understanding of publishing for promotion and title in universities is fundamentally
contrary to the philosophy of innovation.

3.2 Priority Questions

There are questions on our agenda for our universities to become pioneers and engines of development
and to function as brains. We can list them as follows:

What kind of research should industry conduct in our country?

What kind of research should the university be oriented towards?

What kind of investments should our universities make?

In which kind of subjects should we train scientists with PhDs?

Which fields should we focus on?

How should we utilize the national resources of our country in terms of science and technology?
How should we motivate industry?

To the extent that we raise the right questions such as these, our path will open up and we can face the
realities. Because the lack of progress in solving these problems has a lot to do with the fact that these
guestions are not on our agenda.

Again, another painful fact in this field is the following: Hundreds of thousands of theses and
dissertations are being researched in universities, but they are generally not related to our industrial,
economic and cultural life and our future.

Imagine that you have so many universities and tens of thousands of academic staff. So much scientific
research is being done. But these studies are not related to our innovation priorities. There are no
necessary sanctions and systems. What could be worse for a country's science and research life?

3.3 Clustering and Priorities
The strategy for clustering is this: You will make the strong area stronger. In other words, using

resources in the most efficient way and creating synergies in that area. In a city or region where there
are many chemical companies, we can create a cluster for computer hardware. Thus, it is possible to
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make that region specialized and advanced in the chemical industry worldwide. In this case, the state
would allocate the resources to chemical production mainly here.

As a result, you declare a province or region as a specialized region, whichever province or university
is advanced in which field. The criteria for expertise will generally be companies, the expertise of
universities and research centers. Thus, clustering will occur in the regions. In other words, you bring
together universities, research centers and companies. As knowledge transfer is organized here,
resources will flow to universities. Resources will flow to universities as companies give research
assignments to universities in exchange for money.

As we have done in the defense industry, Turkey should identify areas where it can be assertive in the
chemical industry. For example, there is great potential in the field of chemistry (especially synthesis,
organic, biochemistry). The second area where we will be assertive is agriculture. Especially organic
agriculture and the food industry are at the top of the list.

Chemistry and biochemistry is one of the key points in the development of our country. In Turkey, the
vast majority of medicines and chemicals are imported from abroad. Today, if the chemical industry is
directed and guided projects are initiated, we can make most of the medicines and chemicals, solvents,
cleaning and cosmetics, substances used in food, etc. that we import.

However, we import most of the chemicals (or their raw materials) from abroad. We should not be misled
by the existence of some copycat chemical industries that are not based on science and innovation and
cannot compete with the outside world.

The first thing to do is to identify research priorities that are critical for Turkey. For example, one of our
research priorities is to produce in Turkey what we buy from abroad. We have identified research
priorities, then what? These priorities are announced. This is a message to citizens. Where is the world
and where are we?

Then, universities and institutions that support and direct research, such as Scientific and Technological
Research Council of Tirkiye (TUBITAK) and Healt Institutes of Turkiye (TUSEB), receive a mission
statement. The mission, i.e. goals and research objectives, should filter up from the bottom up. This
bottom-up approach to solutions, which makes the relevant strata of society part of the solution, is the
practice of true democracy.

Then, everyone will own the priorities and the goal. Academics will be guided in this way, and the
resources of the state will begin to be utilized in line with the mission and goals set. If science and
research policies and strategies that bind and guide the relevant sectors are put into practice, our
industrialists will be free from uncertainty about which areas to invest in. Universities will also stop
engaging in "aimless research".

We know the fate of bespoke science policies (e.g. Vision 2023). Vision 2023 is an example of science
policy-making without the participation of those concerned (it does not rise from the bottom to the top).
This is why tens or even hundreds of research priorities, which are put forward as priorities, prepared in
a manner detached from the realities of society and industry, remain ineffective like rain falling on a
desert.

The science and research priorities established by TUBITAK do not have sanctions that bind the relevant
institutions. Therefore, the targets remain largely on paper. The most obvious example of this is that
these priorities are not taken into account even when TUBITAK, TUSEP, BAP (Scientific research
projects funding systems for universities) and other projects are funded.

3.4 Measures Protecting Domestic Entrepreneur

In recent years, our country has made great strides. Roads, bridges, airports, etc. From now on, it is
advanced technology, especially chemistry and biotechnology projects that will make the country fly.
Investments based on innovation and science.
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There are great potentials in the field of chemistry and biochemistry in our country. Due to the lack of a
community-university relationship and the publication-oriented strategy of the Council of Higher
Education (YOK), it is the outsiders (Westerners) who take these publications forward. Our universities,
in this case, act as a kind of "subcontractor” for them. The way out of this situation is for our universities
to move away from "publishing for the sake of publishing" to "product-oriented" studies. Then Turkey
will be in a position to produce and export its own medicines and biochemical kits. The way to achieve
this is to move towards targeted studies in the chemical industry, as in the defense industry.

The defense industry has become a very good role model. The sector has brought our country to a very
good point by increasing and developing tender models with domestic production purchase guarantee
specifications. Practices in the defense industry should set an example for other fields. For this purpose,
start-ups should be developed for the commercialization of high technological knowledge and direct
incentive models should be increased in addition to indirect incentives for sector stakeholders.

One of the most important points to be considered in this field is to provide support to local companies
that feel themselves in the clutches of global giant companies. Protective measures should be
introduced, such as a premium from the state and a protection shield in case of possible contrary
situations in the audits of the Court of Accounts. Managers who do not increase the purchase rate every
year in favor of local companies should be faced with the risk of salary and demotion.

Every technology and product we make domestically is denigrated; imported ones are wonderful!
However, all these are lies of the exploitation order established by global giant companies. Those who
speak out against wrongdoing in order to break the monopoly are somehow punished, intimidated and
frightened. They are even eliminated.

Since global companies do not accept competitors, they establish monopolies by buying our newly
growing companies in our country. In this way, our own local companies are not given the opportunity
to grow stronger. Since we cannot own and hold them in our hands, they leave our hands one by one.
You cannot stand in front of the "dragons".

These global companies do not even allow our diagnostic kits and chemical products into our own
national market. This is how national and domestic companies producing diagnostic kits were "sunk" in
our country. More precisely, they became small bites for dragons.

3.5 Research Needs Targets

Universities exist to bring society together with innovations/inventions. Why is this mission being
forgotten? As you know, no wind helps a captain who has not determined where he is going. In the
absence of a science policy and target, even if very valuable discoveries are made in universities, these
discoveries and developments cannot be transformed into production. The main reason why
industrialists in our country do not apply to universities for research and development is that our country's
"science policy and research targets" have not been determined.

Even if they have been determined, they are not "binding" on universities or even the government, in
other words, the necessary measures have not been taken for their realization. Without targets, without
protection and incentives, universities are forced to conduct research on random topics, and
industrialists do not know which branches of industry to focus on. As a country, science and research
targets have not been set. Even if they are set, they remain on paper. Because the set targets should
have mechanisms that bind professors. In other words, there is no persistently implemented science
policy or research and development policy. This situation constitutes the biggest reason for the lack of
R&D and university-industry cooperation.

4. PHILOSOPHY FOR EDUCATION AND RESEARCH

Under the name of university-industry cooperation, the names of tools that have been known for several
centuries have been mentioned for years, but the question of how we have not been able to put them
into practice is not asked.
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We can only reach the right answers by asking the right questions. We have an educational approach
that fails to teach us that the most effective problem-solving tool is to design the right questions. As a
result of the education we receive. In an educational structure where the answers to everything are
taught, there is no need for questions and research. In test-based education from primary school
onwards, we keep memorizing questions with obvious answers.

According to this situation, the common characteristic of our higher educated people (hence our
intellectuals and the authorities in the position of solution) is that they do not have questions. We try to
make others memorize the answers that have been memorized and memorized for us. Almost everyone
is trying to impose their own truths on others. Therefore, we do not seem to have a problem about how
to solve problems.

4.1 Philosophy and Motivation in Education

In our country, the question of whether there is a philosophy on which the education system is based is
constantly raised and the answer is sought. Unfortunately, the question cannot be answered positively.
There is a need to base our education on a strong philosophy of education with our own concepts and
perspective, with its ontological, epistemological, moral, cultural and civilizational dimensions. Without
a philosophy in education, what is inculcated in education is only "success". When the cultural,
civilizational and vocational/skills aspect of education is absent (or weak), the drive for success feeds
students' feelings of competition and selfishness, not inventiveness and innovation. Their subconscious
minds are loaded with messages that merit and competence are invalid things.

Since the psychology and emotions, beliefs and cultural values of our people are not included in the
analysis of mental studies and innovation analysis, the necessary analyzes do not come to fruition.

Motivation can only increase and develop within a conceptual structure that feeds it. What drives people
to work, invent and research is the enthusiasm and excitement environments that emerge with the
conceptual structure. The infrastructure that gives rise to enthusiasm is the environments in which their
own cultural conceptual structures are included. These are the environments nurtured by the right
conceptual structure. Otherwise, if there is no conceptual environment that feeds and breeds
enthusiasm, motivation will be extinguished.

Life consists of activity and movement. The engine of activity draws its energy from enthusiasm and
excitement. If adequate and necessary national goals are not given to education, feelings of enthusiasm
and motivation will not be mobilized. The means of science are universal. However, its goals are
national. We have to consider and restructure the processes of producing and using technology and
informatics, educational processes, civilization and education, the structure and characteristics of
knowledge, the nature and life processes of human beings, the processes of acquiring knowledge,
thinking and learning to learn and the conceptual plane of education, the moral values and other
concepts in computer-aided education and information access institutions in the context of our own
perspective and culture. In short, we call this bringing philosophy to education.

In his book "Philosophy, Logic, Science and Ethics in Engineering" Prof. Sen summarizes the results of
education without philosophy as follows[12]:  "...transplantation, rote memorization, stereotyping,
dullness, especially in engineering, formulaicism, methodism, imitationism".  "Distorted structures in
society, injustices, corruption, and the widespread increase in the principle of loyalty instead of merit"
are also the results of unphilosophical education.

"Transmissionism (accepting what is learned from the teacher or someone else as uncritically true and

valid in all cases), not pursuing innovation, even if it is pursued, it does not bring any benefits in society,
and the principles of philosophy and logic are almost completely out of the picture" are also the
consequences of unphilosophical education.

Sen continues as follows [12]

"An education without philosophy leads to slavery and an illogical one to living death. The absence of
philosophy leads to the absence of questioning, the inability to come up with multi-optional analyses,
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and the ignorance of the rules of logic leads the engineer (person) to the inability to decide wisely
between these options. "

However, education aims primarily to develop the imagination and productivity of individuals, even
beyond the acquisition of skills. Mimicry is the biggest obstacle to originality and free thinking. Those
who are used to imitation cannot innovate and think big because they cannot use their imagination.

Education should teach individuals how to think independently and give them self-confidence and
entrepreneurial spirit. The infrastructure for this is the educational environment in which the individual
gains personality and identity, and which is nourished by his/her own educational/scientific/existential
philosophies.

You need to grasp their logic and science before copying them. You need to grasp the words, concepts,
terms and propositions at the root of the knowledge of these technologies and interpret and even
reproduce them from your own perspective and in your own terms. In this way, you will take the first
step towards nationalizing them.

The words attributed to the Prophet Muhammad (hadith) "He who has two equal days is in loss" (see
Acluni, Kashfu al-Hafa, 2/276) and the words attributed to Prophet Ali "raise your children according to
the times they live in" draw our attention to the importance of change, development and renewal in new
horizons.

How can we build an educational environment that facilitates curiosity, inquisitiveness and questioning?
First and foremost, the question of what is worth living for in order to earn a living must be answered. In
order to philosophize education, faith and cultural values should be taught before knowledge, and the
sanctity of sweat and labor should be taught. The path to innovation has been blocked by easy ways,
for example, technology transfer that focuses on ready-made solutions with the understanding of making
money in a short way. For example, it was thought that copying ready-made software would lead to
technology. However, even transferring and copying requires a certain scientific background. It must be
done in a proper manner.

If you do not have your own perspective and concepts, the logic that controls the quality of ideas will not
work. If you do not have your own point of view and your own educational philosophy, you cannot get
help from philosophy, which is the dynamo of the production factory. Along with the product and
technology you transfer, you also take the philosophy and idea of that technology and you cannot
innovate. Because those who copy and imitate cannot think freely and uniquely and cannot innovate.

If you have the educational structure to act with the principles of philosophical thinking and logic, what
needs to be done is clear. In that case, everyone from the grocer to the holding company owner, from
the peddler to the university lecturer, from the media, politicians and especially bureaucrats will use their
productive intelligence and will always seek innovation.

5. DISCUSSION AND EVALUATION

When we carefully examine the countries that generate large incomes, we see that they generate large
incomes through their own inventions. The owner of the invention can do what you cannot do with
another invention. They know how to maintain the difference with new models. Moreover, they makw
profit by selliwg the invention that provides this innovation. On the other hand, countries that copy, that
is to say imitate, cannot earn a high income by copying. Moreover, these countries only sell patents that
have become obsolete, lost or diminished in importance due to new inventions. After they sell you the
patent, when you start producing goods according to it, you realize that they have introduced new
products and you are forced to sell your products cheaply. As soon as you get the new patent, you know
that the inventor country will launch a new one.

Our country has a certain economic power. But when this power is not generally based on science, it
does not mean much value. Because without innovation, our industrialists have to invest in fields that
other countries do not deign to enter. For this reason, our industrialists produce with copy or imitation
technologies by paying a high license fee to foreign patents without obtaining a single patent. However,
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it is not possible to produce products with high added value and competitiveness with continuous
copying. Achieving high incomes in trade is only possible with products that are not similar elsewhere.

Of course, scientific and technological development can only be possible through rational, stable and
appropriate science policies and appropriate strategies that take into account all kinds of sacrifices when
necessary. Of course, scientific and technological development will not be possible if it is not based on
a political will.

To reiterate, the biggest handicap of Turkey's science and technology potential is that it lacks the support
of a conscious political will. The role of invention-innovation and innovation in development is not
understood due to the extraordinarily misconceived ideas and misconceptions that exist on this subject.
For this reason, science remains largely an accessory in our country, and universities are unable to
perform much more than diploma-granting institutions. The great potential of universities cannot be
mobilized.

As a result, the best, long term, continuous and most productive investment our state can make is the
investment in science and innovation. This needs to be clearly and firmly realized by our politicians and
bureaucrats.
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tizerine kurgulanmis bir imalat teknigi yaklasimidir. Toyota Uretim Sistemi’nin babasi olarak adlandirilan
Taiichi Ohno, israfi “kaynak harcayan ancak bir deger olarak geri dénlisl olmayan bir faaliyet” olarak
tariflemistir.

Anahtar Kelimeler: Yalin Uretim, 5S Uygulamalari, Yalin Disiince, Kaizen, Makine imalati

ABSTRACT

Lean manufacturing is a manufacturing technique approach that is fundamentally based on eliminating
waste in processes and continuously improving system efficiency. Taiichi Ohno, who is called the father
of the Toyota Production System, defined waste as "an activity that consumes resources but does not
return as a value".

Keywords: Lean Production, 5S Apps, Lean Thinking, Kaizen, Machine Manufacturing

1 INTRODUCTION

In today's technology-driven environment of boundless and competitive competition, cost reductions
and increases in quality ratios have become imperative, focusing on the points of cost and quality. Lean
production refers to processes, principles, strategies, and implementations aimed at reducing tasks,
processes, and attitudes, whether necessary or unnecessary, carried out by companies worldwide in
the workspace [1].

2. LITERATURE REVIEW

Literature review results regarding lean production and 5S indicate that, in addition to the manufacturing
sector, numerous applications have been implemented in the service sector as well. In these
applications, it is observed that different lean tools and 5S techniques are used in appropriate ways. In
the economic environment in which the Japanese fell into after the World War Il, the “Lean Production”
approach emerged [5]. The foundations of the lean production and management system were first laid
in the Japanese Toyota company in the 1950s under the leadership of engineer Eiji Toyota, one of the
members of the Toyota family, and his colleague engineer Taichi Ohno, with whom he worked [2].

3. LEAN PRODUCTION
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The importance of lean manufacturing principles, which were first applied by Toyota, was realized by
other Japanese companies after the 1971 oil crisis and lean manufacturing became a philosophy used
throughout the country. We can basically divide the lean production philosophy into four steps. We can
define these basics as zero scrap, error-free product for the first time, flexible production lines and
continuous development [1].

3.15S

5S is a system used to establish both simplicity and discipline in businesses, ensuring control over the
smallest details of the operation, and forming the foundation for other improvement initiatives Taiichi
Ohno, who is called the father of the Toyota Production System, has described waste as “an activity that
consumes resources but is irreversible as a value”. In other words, they are activities that do not create
value, butimpose a burden on the system at a cost. Hay, on the other hand, defined waste as "everything
that needs to be done to create value for a product other than the minimum amount of hardware,
materials and labor resources” [3].

58 consists of 5 Japanese words starting with the letter ‘S’: Seiri, Seition, Seiso, Seiketsu and Shitsuke
[7]. The number and quantity of parts required at the Seiri (classification) stage are determined in the
most effective way so as not to lead to unnecessary accumulation of goods. At the seition (arrangement)
stage, decisions are made about whether storage settlements should be centralized or dispersed. At
the Seiso (cleaning) stage, removing information or documents about the past from the environment is
to prevent confusion. In this way, problems will be prevented and opportunities for their re-occurrence
will not be given. In order to ensure sustainability at the Seiketsu (standardization) stage, standards are
set to make things better, and a business structure is created that can easily be taken over by another
employee on the day an employee does not arrive [6]. Thus, the time and effort lost due to the error rate
and repair with machines that work for a longer period of time is minimized [4].

4. APPLICATION

OZCELIK company, where 5S applications are implemented, manufactures specialized machines for
processing industrial products such as Aluminum and PVC profiles, aluminum composite panels, and
steel profiles in the Aluminum and PVC profile processing field. In the company, parts produced in the
tooling workshop, aluminum injection machines, machining, coil winding workshop, paint shop, laser,
CNC, and bending workshops are assembled to produce machines.

Upon completion of training, the first step of 5S, the sorting process, was initiated with the participation
of all factory employees. A general briefing on the assembly lines, which is the initial starting point of the
project, and a red card (shown in Figure 1) filling activity aimed at informing everyone and encouraging
their contributions to the process were carried out.

“pbzellk  SSKIRMIZIETIKET o

Figure 1. 5S Red Label
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5. CONCLUSION AND EVALUATION

Within the scope of this study, production lines in a manufacturing facility were addressed. Utilizing the
5S method from lean production techniques, the objectives were to enhance employee motivation and
efficiency, eliminate unnecessary materials and stocks from the production lines, streamline processes
and company structure as much as possible, minimize time losses, and institutionalize this culture as
part of the company culture. The results of the study are significant in terms of integrating theoretical
knowledge with practical implementation.

While lean production initiatives are long-term endeavors, initial results indicate positive effects on both
the personnel and factory visits in the organized areas of the assembly lines where the implementation
has started. An increase in motivation among employees has been observed. As employees begin to
perform their tasks in a more orderly and organized environment, they also start to alleviate the
unnecessary stress and energy loss they experienced.
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OzZET

Gunimizde, dinya fosil yakit kaynaklarinin hizla tikenmesi ve ¢evre kirliginin artmasina bagl olarak
fosil yakitli araglarin elektrikli araglar ile hizli bir sekilde yer degistirmesi kaginilmaz hale gelmistir. Bu
degisimin ortaya cikardigi elektrikli arag bataryalarinin sirekli doldurulmasi igin gereken altyapi
kapsaminda elektrik sarj istasyonlari kurulmus ve kurulmaya devam edilmektedir. Araglarin hareketli
olmasi ve dagitik yapida bulunmasi nedeniyle sistemin merkezi bir yapida ydnetilmesi yerine
merkeziyetsiz bir yapida yonetiimesinin daha verimli ve etkin kullanima yol agcacagi aciktir.

Bu calismada, kuguk Olcekli bir cercevede elektrikli ara¢ sarj istasyonlarinca elektrikli araclarin sarji
sonucunda ortaya cikan sarj suresi, tiketilen elektrik miktari (KW), 6deme ve kullanici bilgileri gibi
verilerin blokzincir teknolojisi kullanilarak guvenli ve merkezi olmayan bir yapida nasil islenebileceginin
gosterilmesi amacglanmigtir.

Elektrikli ara¢ sarj sistemi kullanim bilgilerinin givenilir ve merkeziyetsiz bir sekilde depolanmasi iglemi
icin yapilan bu calismada, blokzincir teknolojisi ile uzlagsma algoritmasi olarak Raft konsensus
algoritmasinin 6zellestiriimis bir modeli tasarlanmistir.

Anahtar Kelimeler: Blokzincir teknolojisi, uzlagma algoritmalari, yenilenebilir enerji, sifir emisyon
arabalar

ABSTRACT

Nowadays, due to the rapid depletion of world fossil fuel resources and increasing environmental
pollution, the rapid replacement of fossil fuel vehicles with electric vehicles has become inevitable.
Electric charging stations have been established and continue to be established within the scope of the
infrastructure required for the continuous charging of electric vehicle batteries resulting from this change.
Since the vehicles are mobile and have a distributed structure, it is clear that managing the system in a
decentralized structure instead of managing it in a central structure will lead to more efficient and
effective use.

In this study, it is aimed to show how data such as charging time, amount of electricity consumed (KW),
payment and user information resulting from the charging of electric vehicles by electric vehicle charging
stations in a small-scale framework can be processed in a secure and decentralized structure using
blockchain technology.
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In this study, which was carried out for the reliable and decentralized storage of electric vehicle charging
system usage information, a customized model of the Raft consensus algorithm was designed as a
consensus algorithm with blockchain technology.

Keywords: Blockchain technology, consensus algorithms, renewable energy, zero-emission cars

1 INTRODUCTION

The rapid development of technology and the sharing of information at an unprecedented speed and
level have brought security and efficiency to the fore in the transmission and storage of digital data. Due
to these developments, data exchange has begun to require global and decentralized structures instead
of traditional and local structures. To meet this need, the newest and most advanced technological
development is blockchain technology, which is constantly evolving today and many applications have
been developed and continue to be developed. This newly developing technology also has a significant
potential in protecting the green environment and reducing carbon footprint. One of the technological
developments that is expected to make a significant contribution to reducing the carbon footprint that
the whole world is trying to reduce is electric vehicles. However, one of the most important problems of
this newly introduced electric vehicle technology is the frequent charging of the batteries. Battery
charging needs, which vary depending on vehicle range, are currently provided by public charging
stations with the help of mobile applications, unlike traditional gas stations. This situation makes it
necessary to record the charging process required by electric vehicles in a distributed and global
structure. The prominent technology for distributed and global records management and operation is
blockchain technology due to its distributed nature and security features.

Blockchain technology began with the publication of a whitepaper on Bitcoin (a peer-to-peer electronic
cash system) in 2008 by an anonymous person or group of researchers. With this new technology,
secure and decentralized data exchange between two parties can be achieved by using cryptographic
hash functions. The backbone of the electronic cash system technology that constitutes the Bitcoin
system is the Proof of Work (PoW) consensus algorithm, which provides transaction verification with a
hybrid puzzle that can be solved using cryptographic transactions. The PoW consensus algorithm has
become one of the most popular consensus algorithms among researchers and users working in the
field, due to its difficult-to-solve cryptographic hash puzzle and its features that enable secure and
decentralized storage and transfer of data in different fields. Although there are certain advantages to
using digital signatures that only consume less energy in cash flow, the problem of double spending
cannot be prevented without a technology such as blockchain. Blockchain technology has been
proposed as a solution to this problem, although its energy consumption is higher than that of digital
signature. Blockchain is also effective in preventing the duplication and modification of data through the
crypto hash structure used in the creation of the Merkel tree and subsequent transactions. In addition,
with the widespread use of peer-to-peer electronic cash system in the blockchain structure working with
digital signature, people's need for the traditional banking system in their monetary transactions will
decrease or disappear [1].

However, some systems have begun to be created to disrupt the decentralized structure of the
blockchain system. One of these is the structures called mining pools, where users create a monopoly
by combining their powers. Small miners tend to band together, as miners joining forces are more
profitable than miners trying to solve transactions on their own. Thanks to these structures, a centralized
structure is created in which the pool manager largely directs the activities of the pool [2]. By using the
filtering method, consensus can be achieved to eliminate the presence of such globally and locally
limited non-rational actors [3]. CHB-consensus and CHBD-consensus algorithms were also developed
based on the hash algorithm. These protocols prevent the decentralized structure from turning into a
centralized structure by preventing dishonest miners from needing additional processing power to create
blocks [4]. Another algorithm in this regard is the Proof of Age consensus algorithm. The basis of this
algorithm is based on the Working Age (AoW) algorithm, which is used to measure the effective mining
periods that miners devote to maintaining the security of the blockchain in order to deter pool mining.
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The miner still earns from the Proof of Age protocol even if he cannot complete a block. This encourages
individual participation by reducing participation in the pool [5]. Algorithm development processes
continue to prevent this and ensure a fair mining process.

If blockchain is used in different business areas, parameters such as the PoW difficulty level and the
number of miners can be adjusted according to quality of service (QoS) requirements [6]. Another
algorithm that works by adjusting parameters is the Forkless Hybrid consensus algorithm, also known
as Flexible PoA, which is created by using Proof of Activity. Thanks to its adjustable parameters, it
increases the efficiency and QoS of the blockchain system [7]. Many consensus algorithms, unlike
consensus algorithms such as PoW and PoS, are being developed within the scope of QoS, efficiency
and reliability [8, 9]. Another algorithm is the Post-Quantum Proof-of-Work (PQ-PoW) algorithm, which
uses probabilistic digital signature instead of hash encryption in digital signature, which aims to perform
the transaction more efficiently by reducing the difficulty level of PowW [10]. Another algorithm
recommended as more efficient than PoW is the Green-PoW algorithm. This algorithm can save up to
50% of the total energy used during mining compared to the classical PoW algorithm [11]. Despite many
studies on blockchain technology to date, the benefits of blockchain are not yet fully understood [12].

One of the different areas where blockchain can be used is the Internet of Things (loT). Failure to
establish reliable alliances due to fraud, cybercrime and increased regulations in the Cloud, Fog and
Edge structure poses an obstacle to industrial growth. Reliable, more flexible, faster product innovations,
closer ties with customers, and faster 10T and cloud computing technology integration are all possible
with blockchain technology [13, 14]. However, the processor power of 10T systems is limited, and the
processor power requirement of the classical PoW algorithm is large compared to the IoT power. To
address this obstacle in loT devices, Twin Miner (MinT) architecture and Proof of Behavior (PoB)
algorithm have been developed to identify dishonest miners in the IoT environment [15,16].

Scalability is another problem area that may prevent the use of blockchain in different areas. Production,
networking, number of transactions, block interval time, data storage and transmission are among the
current scalability issues [17]. One of the studies on the scaling problem is the sharding-based
blockchain SSChain consensus algorithm. This is a unique structure that makes it easy to break down
the process and state. It eliminates the need for data migration overhead by allowing nodes to join
shards without reorganizing the network. This creative solution is an important step towards solving the
scalability problem of blockchain technology [18]. Another effort to solve the scalability issue regarding
throughput and latency is the HTNZ protocol. It aims to provide a solution to scaling by changing the
block system in the blockchain structure [19]. Another solution could be the OHIE protocol, which
provides 20 times better decentralization and linear scalability with available bandwidth compared to
previous studies [20]. Bitcoin-Next Generation (NG) is a scalable blockchain protocol that increases
scalability without causing network degradation [21].

Security, decentralized management, openness, immutability, distributed ledger, peer-to-peer network
communication and irreversibility, which have an important place and form an important part of the
blockchain system, are some of the important features. Blockchain technology provides a standard for
big data and facilitates the protection of copyright forms and confidential materials by securely storing
large amounts of data in a secure cryptographic layer [22]. One of the protocols developed for security
is the SPECTER protocol. The SPECTER protocol can provide security to the blockchain system that
can withstand attacks of up to 50% of the processing power [23]. Another security-related threat is
Application Specific Integrated Circuit (ASIC) processors developed to disrupt the distributed structure
of the system. ASIC disrupts a fair distributed system by quickly solving the hash puzzle used in the
PoW algorithm. In order to prevent this, studies are being carried out on algorithms with parameters that
require memory usage, and research continues on methods that will increase personal security [24, 25].
Blockchain technologies such as Bitcoin-NG are susceptible to sophisticated mining attacks that
deliberately miss microblocks to increase their chances of winning by mining more [26].

Another study similar to these studies is the Proof of Optimal Power Flow (PoOPF) protocol, which is
planned to be used in the control of independent power grid nodes. This protocol can eliminate the need
for a central authority by securely storing subsequent iterations on the blockchain even when there is
no prior trust [27].
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2. THE BLOCKCHAIN TECHNOLOGY AND CONSENSUS ALGORITHMS

One of the main issues with blockchain technology is consensus algorithms. Numerous publications
examine how threat models for blockchains perform. However, there appears to be a lack of focus on
network stability, which has an impact on blockchain performance. Consensus algorithms are crucial for
large-scale software systems. The Raft consensus algorithm, developed using strategies like state
space reduction and decomposition, aims to improve understandability by minimizing nondeterminism
and inconsistent servers. Raft, developed by Diego Ongaro and John Ousterhout, is a distributed
consensus algorithm that, given the same assumptions, offers the same guarantees as Multi-Paxos but
is easier to grasp thanks to its intuition-focused methodology and safety proof.

Caser o rose

Figure 1. The system diagram with Raft consensus algorithm

Raft is a consensus algorithm for managing a replicated ledger at every node. It divides time into finite
duration terms, with each term beginning with an election. If a candidate wins, then it serves as a leader
for the rest of the term. The process is called leader election, where a follower becomes a candidate if
they don't hear from the leader for a certain period. In normal operation, there is only one leader, and
all transactions go through the leader, adding them as block entries in the follower's ledger [28].

In this study, a small-scale framework is aimed to be demonstrated to show how data generated by
electric vehicle charging stations, such as charging time, consumed electricity (KW), payment, and user
information, can be processed securely and in a decentralized manner using blockchain technology with
the use of Raft consensus algorithm. The proposed electric vehicle charging stations system diagram
with Raft consensus algorithm is shown in Figure 1. There might be several nodes and several follower
nodes, but there is only one leader and a leader candidate in the system. The leader candidate is a
follower which has the most recent blocks in its chain.

Table 1. Data stored in each transaction.

Field Definition

User Information Account details
Charging Date&Time Timestamp info
Consumed Electricity Amount of KW used
User Signature Digital signature
Charge station ID Used station

The fields of a transaction from nodes to the leader are listed in Table 1. Each node in the system
represents a charge station and user account information such as charging time, consumed electricity
(KW), payment, charge station information, and user information is sent as transaction data to the
leader. Each node in the system sent single transacion to the leader and the leader creates block and
sent the replica to its follower/followers.

137



4. RUMELI SURDURULEBILIR CEVRE iCIN ENERJI VE TASARIM SEMPOZYUMU

4rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
8-9 Subat 2024 / February 8-9, 2024

Halig, ISTANBUL

Block N Header

Hash of previous
Block Header

Timestamp

Merkel root of
Transactions

|

Hr
H]_z H34
H; Ha Hs Ha
- § F
T: T Ts T4
Block N Body

Figure 2. The structure of blocks in blockchain

where H represents crytographic hash function, T1, T2, T3, T4 represents transactions from nodes to
the leader. The first block is known as the Genesis block, and as it comes first in the chain. The hash
value of the prior block is equal to zero. Thousands of transaction records, each coded by a hash
function before being broadcast to the network, can be found in a single block. The Merkle tree function
is used to generate the final hash value as a hash pointer. Merkle trees are data structures that resemble
hash trees and are used to store transactions in binary tree format as shown in Figure 2.

4. ARCHITECTURE OF RENEWABLE ENERGY CHARGE STATIONS USING BLOCKCHAIN
TECHNOLOGY

Unquestionably, one of the biggest technologies with a bright future is blockchain technology. While the
cryptocurrency Bitcoin was the initial use of blockchain technology, the government and business
sectors have also become interested in other uses of this technology. 10% of the world's GDP will be
stored on blockchain by 2027, according to a survey conducted by the Forum for Economic Forum in
2015.

The use of electrical cars is one of the trendy topics in today’s industry. Together with the development
in renewable energy systems, electrical cars may lead to more carbon free and green environments.
Therefore, the need to use public renewable energy charge stations will get high attention. In this study,
a decentralized management of public renewable energy charge stations is aimed to be solved with
recently developed technology of blockchain. The architecture of the proposed system consisting of
several nodes as charge stations, leader, leader candidate or several followers as illustrated in Figure
3.
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Figure 3. The architecture of electric car charging system on blockchain

Electrical vehicles appointments to the charge stations can be managed using a mobile applicaiton
software. The users of the charge stations can be allowed to use them according to the verified
scheduling and the completed charge processes are sent to the leader by each node. The replica of
blocks created by the leader is shared with the candidate leader/followers according to the Raft
algorithm.

5. CONCLUSION AND EVALUATION

In this study, a system design was made that will set an example for the application of blockchain
technology in the efficient, effective, and safe operation of the electric vehicle charging system. The
RAFT algorithm was chosen because it is lower in energy consumption and hardware requirements than
other consensus algorithms (PoW and PoS algorithms) and provides the fastest structural compromise
for the electric vehicle charging system. The decentralized, adaptable nature of this system, enabled by
blockchain, will make it easier to add new charging stations and hubs. In addition, uninterrupted and
reliable continuity of the proposed system will be ensured. Undoubtedly, such research will increase in
the near future and it is clear that blockchain technology will lead to significant new developments in this
field.
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ABSTRACT

Cellular production is the separation of a production system into independent subsystems and rapid
adaptation of the subsystems to the overall system through an effective operation. This study presents
a cellular production model for businesses in the garment industry. The production process of nine
different products in a clothing company was examined, and machine and product family groups were
created. The proposed cellular structure was evaluated by grouping efficiency, machine utilization rate,
and intercellular flow efficiency.

Keywords: Cellular manufacturing, textile workshop, group technology

OzZET

Hucresel Uretim, bir Uretim sisteminin bagimsiz alt sistemlere ayriimasi ve alt sistemlerin etkin
calismasiyla genel sisteme hizli uyum saglamasidir. Bu ¢alisma, hazir giyim sektérindeki igletmeler igin
bir hiicresel Uretim modeli sunar. Hazir giyim ureten bir isletmede dokuz farkli Grinin Uretim sureci
incelenmis ve makine ve riin ailesi gruplari olusturulmustur. Onerilen hiicresel yapi, gruplama etkinligi,
makine kullanim orani ve hicreler arasi akis etkinligi gibi faktorlerle degerlendirilmigtir.

Anahtar Kelimeler: Hicresel imalat, tekstil atdlyesi, grup teknolojisi

1 INTRODUCTION

Competition in the textile industry requires fast delivery of low-cost and high-quality products. Therefore,
businesses should use more flexible, effective, and efficient production systems. Production systems
include materials, machines, people, methods, and environmental elements to perform operations that
add economic value to a certain amount and type of input. The outputs of these systems are semi-
finished or finished products. Manufacturing systems are divided into four groups: continuous, job shop,
project, and cellular manufacturing. The different features of these systems are seen in areas such as
machine and product types, process design, setup time, stock levels, and lead times.

A workshop using group technology consists of production cells. Each production cell is a small system
where parts with similar production and shape characteristics are produced. These cells contain various
numbers and types of machines and material transmission elements. This way, production machines
performing similar tasks can be distributed to different cells. The primary motivation for cellular
manufacturing is to transfer the advantages of an efficient and easily controlled small system to an
extensive system.

With the increasing needs of consumers, the addition of new products every day by manufacturers in
the production environment, problems such as complex rotations, increasing stocks in the process,
inconsistent machine usage, and the need for frequent adjustments have arisen. Group technology (GT)
simplifies production by reducing problems and increasing flexibility and productivity. Cell manufacturing
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brings the advantages of small and effective systems to extensive systems. However, labor costs and
equipment problems face difficulties in the transition process. In this study, the degree sorting and
clustering algorithm was examined, cells were created using data from a textile workshop, and the
effectiveness of these cells was tested.

2. METHODOLOGY

In group technology and cellular manufacturing configuration studies, all parts are grouped by their
families; then, the machines are grouped into manufacturing cells. In the design of cellular manufacturing
systems, the division of cells in all production systems is a significant problem. When the number of
machines, types, capacities, and types of parts are produced, each part's number and route information
is known, and which machines and their related parts will be grouped to form cells [1].

2.1. The Rank Ordering and Clustering (ROC) Algorithm:

One of the most common methods used in cell creation applications is the ranking and clustering (ROC)
algorithm. This algorithm was developed by King [2] and follows the following steps:
Step 1. Step 1. First, a machine-part relationship binary matrix (bi]-) of size n*m is created, where
n is the number of parts and m is the number of machines.
Step 2. The rank of each line Z{L‘lbi]- * 2M7is calculated by the process.
Step 3. Calculated row grades are sorted as follows.

Step 4. Each column's degree Z]-“zl bi]- * 2% is calculated by the process of the column.

Step 5. Calculated column degrees are sorted as follows.
Step 6. If there is a difference in Steps 3 and 5, return to Step 2. When there is no difference, the
algorithm is stopped.

3. APPLICATION AND FINDINGS

The application was carried out in a factory producing military clothing products. The factory faces
various challenges, from receiving large orders to using special and general-purpose machines to
production with unskilled labor. The company's production system adopts a structure where machines
are placed in workshop type. The application aims to identify part families and increase efficiency by
considering the processes the produced products go through until they reach their final form. In this
regard, the production process in the factory was examined in detail to determine the parts and machines
to be assigned to the cells, the operations were defined, the assembly stages were observed, and the
machines on which the operations were carried out were determined. The products considered for
application were divided into nine different groups, and these groups are listed in Table 1.

Table 1: Product groups and codes
Kode: P1 P2 P3 P4 P5 P6 P7 P8 P9

Product: Hat Military Training  Training Training Outside Outside Windbreaker Reinforced
Cap coat trousers hat pants coat outside coat

Different sizes are available for each of the products. Moreover, different fabrics are also available.
3.1. Cells formation

A total of 33 types of textile machines have been identified in the company for special purposes (for
example, sewing machines used only for outdoor clothes) and for general purposes (for example, plain
sewing machines). Special purpose machines used only for a specific product, in each case, the same
cell as the product must be entered, and the straight sewing machine used for all products must be in
each cell more than once to avoid unnecessary steps and complexity in the process, they have been
removed from the list. As a result of this arrangement, the number of machines has dropped to 18. The
machines in which the parts are processed have been determined in the examined production process.
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If a part of a machine is operating, it is marked as "1"; otherwise, it is set as "0", and the created part-
machine matrix is presented in Table 2.

Table2: Part-Machine 0-1 Matrix
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3.2. Application of Rank Ordering and Clustering (ROC) Method

The ranking and clustering method (ROC) steps are explained in Section 2.1; when Table 3 is applied,
the two cell layouts presented in Table 3 are obtained. In this arrangement, the number of special
elements is 20, the number of working parts is 7 (P2, P3, P4, P5, P6, P8 and P9), the number of working
machines is 15 (M4, M8 and M9 external machines).

Table 3: ROC Algorithm Result
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After cell creation, row and column operations can be applied to eliminate spaces within the cell. For
this purpose, the elements with "1" in row M2 were shifted into the 2nd cell, row M5 was shifted below,
and column P8 was moved to the right of P2. As a result, the block-diagonal matrix shown in Table 4
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was obtained. With this arrangement, the number of exceptional elements decreased to 13, the number
of bottleneck parts decreased to 7, and the number of bottleneck machines decreased to 11 (Table 4).

Table 4: ROC Method Results with Eliminated Gaps
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The machines are positioned in the cells after determining which machines will be found in which cell
and which product lines will be produced in which cell. This operation will be arranged in such a way as
to ensure a continuous flow in the direction of the flow of the products made in the cell. This arrangement
minimizes part transport costs and reduces third-party transport requirements.

5. RESULTS AND DISCUSSION

In this study, the applicability of cell manufacturing in the textile industry was tested, and the ROC
method was used for this. As a result of the research, two production cells were obtained for nine kinds
of products. The 2-cell system obtained by the ROC method, cell gaps, and exceptional elements are
discussed. The number of these will be reduced, an improvement will be implemented, and an ideal cell
structure will be created. In addition, the individual performance of the cells can be measured by the
"Comprehensive Group Efficiency" (CGE) formula. In this method, the cells are evaluated from various
aspects, such as the performance of the cell structure created, machine utilization rate, inter-cell flow
efficiency, cell utilization rate, and flexibility. Flexibility, efficiency, and efficiency scores can be
calculated to adjust the cell size.

In an application, the process that needs to be done after the cell is created is the placement of the
machines within the cell. Machine layout should be arranged to ensure continuous flow. This
arrangement should be made to minimize reverse part transportation and inter-cell part transportation
costs. However, this topic is beyond the scope of the study. In future studies, research on the cost
variable can be conducted.

The cellular production system requires skilled labor. For this reason, in-service theoretical and practical
training programs should be organized, and employee flexibility should be provided through job rotation.

A ready-to-wear production enterprise applying the cellular manufacturing system can achieve a flexible
and dynamic structure, adapt to changes in the local market, respond quickly to customer demands,
produce different types of products efficiently, reduce production costs by reducing time losses, and use
business resources more effectively.
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OzZET

Bu bilimsel iletisim, yazarin ekolojide nanoteknoloji alanindaki arastirmasini sunar. NEMS'in
yaratilmasindaki egilimler, nanokompozitlerin ekolojide uygulanmasi ve bunlarla ilgili egitim
tanimlanmistir. "Ekoloji ve makul gevre" alaninda nanoteknolojilerin gelistiriimesindeki bakis agilari ve
riskler belirtiimistir.

Anahtar Kelimeler: Ekoloji, nano teknoloji, NEMS

Anahtar Kelimeler:

ABSTRACT

This scientific communication presents the author's research in the field of nanotechnology in ecology.
The trends in the creation of NEMS, the application of nanocomposites in ecology and the training on
them are defined. Perspectives and risks in the development of nanotechnologies in the field of "Ecology
and reasonable environment" are stated.

Keywords: ecology, nanotechnology, NEMS

1 INTRODUCTION

In the extremely dynamic and innovative environment of nanotechnology and the ever-increasing
demand for new applications, this scientific communication presents the author's research on the matter.
The development of nanomaterials, technologies and NEMS (NanoElectroMechanical Systems) is a
natural extension of MEMS (MicroElectroMechanical Systems) in ecology [1]. They are currently
growing into NEMS. As a result of the evolution of MEMS, there is a decrease in the mechanical
components of the systems to nanosize, their mass and values in the interaction parameters are
reduced, and their resonance frequency is increased, which means a significant increase in their
functionality. Research on the state of nanotechnology has been published over the years [2, 3, 4]. In
nanotechnology, nanoobjects (nanoelements) and nanomaterials are distinguished, both by
nanotechnology and by functional parameters of the materials, but often this division has a dual nature.
Subdivision of nanomaterials by types, types of technologies and methods for their production and
research are given in [5]. Application areas of nanotechnology are also represented in this source, where
"Environment, engineering and monitoring, software development" undoubtedly falls.
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2. EXPOSURE

At the moment, 2 trends in the creation of NEMS can be distinguished: reducing the size of MEMS and
developing fundamentally new devices based on molecular compounds. The first approach is related
to difficulties arising from the limited resolution of applied technological processes such as electronic
lithography, ion etching and others. According to the second approach, nanoresonators with an
oscillation frequency above 10 GHz are being developed, which are used as needles (cantilevers) in
scanning probe microscopes, nanoscales, nanoactuators and sensors. The practicality of this approach
is also confirmed by the low energy consumption of NEMS, the application of the piezo- or electrostatic
effect and the supply of energy in an electrical, thermal or chemical way.

The study of nanomaterials and technologies is published in the following sources [6, 7, 8, 9, 10], and
especially Application of nanocomposites of silicon base in ecology and energy —in [11, 12]. A tutorial
on nanocomposites is presented in [13].

3. CONCLUSION

Prospects and risks in the development of nanotechnologies in the field of "Ecology and a reasonable
environment": At the expense of the saturation of the ecosphere with molecular sanitation robots, turning
the waste from human activities into raw materials, as well as at the expense of the rearmament of
industry and agriculture with waste-free nanotechnological methods can expect a qualitative leap in this
area. The implementation of logical nanoelements in the attributes of the environment, the latter will
become "reasonable” and more comfortable for the person.
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ABSTRACT

Today, climate changes and earth temperature are intensifying on a global scale, and the number of
preventive studies on the effects of this negative situation is increasing in both scientific and practical
fields. China, America, India and European countries, which are the main responsible for this situation,
constitute most of the emissions. Declarations such as the Paris Climate Agreement or the Kyoto
Protocol should stipulate obligations in parallel with the emissions ranking. In this context, in our study,
CO:z emissions for Turkey for the years 2025-2027-2030 are estimated with the Adaptive Network-Based
Fuzzy Inference System (ANFIS) by considering three inputs and one output frequently used in the
literature. The same estimation was made for the OECD overall, the USA and CHINA. Afterwards, the
figures were compared and a country-region based graph was presented according to the current
emission production intensity. According to this graph, it has been revealed that countries such as
Turkey, whose emissions are well below the world average, should not be subject to the same conditions
as countries with very high emissions.

Keywords: CO2 Emission, Forecasting, ANFIS, OECD.

1. INTRODUCTION

Today, industrialization is going through its fastest period. This situation brings about a large fossil fuel
(FS) consumption. Although positive responses to the call of energy policy-making institutions such as
the International Energy Agency (IEA) to direct renewable energy sources (RES) have increased, the
rate of CO2 emissions, most of which are fossil-based, does not decrease. On the contrary, the increase
continues. Due to this increase, the surface temperature continues to increase. This increase is shown
in the graph in Figure 1.
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Figure 1. World CO2 Emissions, 1750-2022 [1]
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As seen in Figure 1, there was not much increase in CO2 emissions from the 18th century until the
beginning of the 20th century. However, in the 19th century, when industrialization had just begun and
increased rapidly, the amount of emissions increased rapidly. The main reason why current
industrialization increases emissions is that it mostly uses fossil fuels such as coal, oil and natural gas.
In this context, Figure 2 shows the amount of CO: released from electricity generation worldwide
according to FS-RES sources.
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2022 Wind
e Hydropower
ZD.DOO TWh B Other renewsbles 96,80 TWh
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0TWh vy
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Figure 2. CO2 Emissions for World Electricity Generation by Sources, 1785-2022 [2]

As seen in Figure 2, FS corresponds to 61.27% of the total resource in electricity production. This rate
represents a high amount. Today, institutions such as IEA are calling to prevent and reduce this increase
in emissions that trigger global heat and disrupt the climate. 144 countries signed the Kyoto Protocol
signed in 2009, to which Turkey was a party [3], and 175 countries signed the Paris Climate Agreement
signed in 2016 [4]. However, there is a common call to all participating countries in these protocol texts,
and countries with higher emissions and countries with lower emissions are subject to the same
conditions. This situation requires an obligation that countries cannot afford to ignore. For example,
according to Figure 1, while the CO2z emission of OECD countries is 11.77 mt, the total CO2 emission of
Turkey, which is among the OECD countries, is 0.43 mt. Countries that create most of these emissions
have to take on more obligations. As another example, since the USA and CHINA together account for
half of the world's emissions, they should receive half of the current liability.

Our study is a recommendation for the path to be followed by countries in reducing emissions. It
envisages liability equal to the amount of emissions created. In this context, it makes 2023-25-30
emission forecasts for Turkey and compares these results with the future projections of the OECD, the
USA and CHINA. While doing this, estimation was made with ANFIS using three inputs and one output
selected from the literature. As a result, it has been revealed that since the emission amounts are similar
in the future, protocol obligations should be determined according to these amounts.

2. LITERATUR REVIEW

Similar to our study, there are emission estimation studies in the literature using ANFIS or artificial neural
networks (ANN). Rodrigues et al. In the study they published in 2009, they made CO:2 EC for Brazil with
ANFIS, using 37 years of POP and GDP data as input and 37 years of CO2 data as output. Mardani et
al. In their study published in 2019, they estimated the CO2 emissions of G8+5 countries to examine the
relationship between RE consumption and CO:z emissions. In the estimation process, RE consumption,
CO:2 emissions and economic development were considered as inputs, while CO2 emissions were
considered as outputs. Jena et al. In their study published in 2021, they classified 17 countries according
to their emissions and made future predictions with ANFIS. POP treated GDP data as input and COz
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data as output. It examined the countries' compliance with the protocol texts according to their current
and future emission levels.

Table 1. Literatur Review

Yazar(lar) Year Application* Method**
Auffhammer ve Carson [5] 2008 CHINA-CO:2 EF EKC Test
Rodrigues vd. [6] 2009 Brazil- CO2 EF ANFIS

Lid. [7] 2010 CHINA CO2z EF ANN

Arouri vd. [8] 2012 MENA CO: EF EKC Test
Yuan vd. [9] 2014 CHINA CO2z EF EKC Test
Bozkurt ve Okumus [10] 2015 Tarkiye COz EF EKC Test
Appiah vd. [11] 2018 CIN CO:2 EF ANN

Khan ve Khan [12] 2019 Pakistan CO2 EF ANFIS & ANN
Mardani vd. [13] 2019 G5+8 CO2 EF ANFIS & EKC
Jena et al. [15] 2021 17 Countries CO2 EF | ANN
Abdullah and Pauzi [16] 2021 CO:z EF ANFIS
Mutascu [17] 2022 USA CO:z EF ANN

*EF: Emission Forecasting
**EKC: Enviromental Kuznets Curve

Table 2. Input and Output Use in Literature

. Inputs* Output**
Wrighter(s) POP| GDP | EP | EC | TE | TO CO;
Auffhammer ve Carson [5] \
Rodrigues vd. [6] \ \ \
Lid. [7] \ \
Arouri vd. [8] \ \ \
Yuan vd. [9] \ \ \
Bozkurt ve Okumus [10] \ \ \ \ \
Appiah vd. [11] \ \ \ \ \
Khan ve Khan [12] \ \ \
Mardani vd. [13] \ \ \
Jena vd. [15] \ \ \ \
Abdullah ve Pauzi [16] \ \ \
Mutascu [17] \ V
TOPLAM 5 8 0 8 1 3 12

*POP: Population Growth, GDP: Gross Domestic Product, EP: Enercy Prices, EC: Enercy Consumption, TE: Temperature, TO: Trade Openness.
**CO2: CO2 Emission

After stating the literature review, the methodology of the study and application is explained in the
following section.

3. METHODOLOGY
Under this heading, both the application and the methodology of the study are explained.
3.1. Methodology of the Study

Our study consists of a forecasting application as stated above. It uses the forecast results to analyze
the Kyoto Protocol and the Paris Agreement, which determine international energy policy.

In the estimation application, the three most frequently used inputs and one output in the literature in
Table 2 were used with the ANFIS method. Predictions for 2023-25-30 have been put forward. According
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to these results, the protocols were analyzed. The workflow demonstrating this methodology is shown

in Figure 3.
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Figure 3. Methodological Flow Diagram of the Study

The methodology of the application part of the study, which we will put forward in accordance with the
study shown in Figure 3, is also explained under the following heading.

3.2. Methodology of the Application

ANFIS consists of the integration of fuzzy logic and ANN. Login information is expressed with the
membership function. It also uses the features of ANN with feed-forward and error correction methods.
In this way, it has a robust structure and an accuracy of 90% [18]. The layered structure of the ANFIS

model is shown in Figure 4.
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Figure 4. Layered Structure of the ANFIS Model [19].
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The mathematical operations in the ANFIS process are listed below [13]:
Layer 1: Membership degrees of the entries are indicated:
ol = py(x),i=1,2,.. (1)

Membership levels are low, medium and high. The graph of membership functions can be shown as a
bell curve:

1

o (x) = m (2)
Layer 2: The data is put through the fuzzification process and correlated with each other:

of =w; = Ba; () * pp,(x), i = 1,2, ... 3
Layer 3: “w;” de@erleri normalize edilir.

=0 =m—,i=12,.. (4)

Layer 4. It is the layer before clarification. The normalized rules receive the contribution of the output
functions.

of = ifi = w;(pix + qiy + 1) 5)
Here;

w; : Layer 3 output

i, Qi1 ¢ These values calculated by the least squares method are the final parameters

it is stated as.
Katman 5: The sum of all output is calculated:
of =X af; (6)

The functioning of the ANFIS structure, whose mathematical processes are mentioned in the above
items, is shown in Table 3.

Table 3. Functioning of the ANFIS Model [20]

iLERI BESLEME GERI BESLEME
ONCUL PARAMETRELER Sabit Gradyan Inis
FINAL PARAMETRELER En Kuglk Kareler Sabit
SINYAL Digim Ciktilar Hata Sinyali

In the ANFIS model, if the number of membership functions is “n”, the number of inputs is “x” and the

number of rules is “y”:
y =n* Q)

Itis expressed as .
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4. APPLICATION

Our application basically investigates the appropriateness of the responsibilities imposed on countries
by the Paris Climate Agreement and the Kyoto Protocol. In this context, the country he deals with is
Tarkiye and the community is OECD. CO2 emissions of OECD countries, including Turkey, are higher
than Turkey's. In addition, according to Figure 1, the same responsibilities apply to the USA and China,
which produce half of the world's CO2 emissions.

In this context, our study examines the emissions of Turkey and other countries in the said protocols for
the years 2023-25-30 and makes decisions based on their increase-decrease rates. What it decides is
how effective the protocols are.

The method used in our study is ANFIS. In accordance with the study methodology in Figure 3, data
was first collected on the three most used inputs in the literature. These three inputs were POP, GDP,
and EC. The output is CO2. These data will be examined under separate headings, first for Turkiye and
then for OECD.

4.1. Application for Tiirkiye
The graph of the three data in question for the period 1971-2022 collected from the World Bank [21] for

Turkey is shown in Figures 4, 5 and 6. Additionally, the CO2z emission graph for the same years is shown
in Figure 7.
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Figure 4. Turkiye POP (1971-2022) [21]

The graph of Turkiye GH 1971-2022 information is shown in Figure 5.
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Figure 5. Turkiye GDP (1971-2022) [21]

155



4. RUMELI SURDURULEBILIR CEVRE ICIN ENERJI VE TASARIM SEMPOZYUMU
4rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
8-9 Subat 2024 / February 8-9, 2024

The graph of Turkiye Annex 1971-2022 information is shown in Figure 6.
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The graph of Turkiye's CO2 emission information between 1971 and 2022 is shown in Figure 7.
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The data mentioned above were used as ANFIS input and output in the Fuzzy Logic Toolbox package
in the MATLAB program. The data were used as 70% training data and 30% test data, in accordance
with the general usage in the literature [20]. When the data was tested 250 times with different
membership functions, different error tolerances were obtained. The membership function type and
subset that gives the least error were selected for our estimation application. Table 4 shows the ANFIS
membership function and type that gives the least error.

Table 4. Determining ANFIS Membership Function (MF)

MF Name MF Type MF Subset Error Value Error Ranking
Triangle MF trimf 3-3-3 0,31832 min.
Triangle MF trimf 4-4-4 0,82023

Trapezoid MF trapmf 3-3-3 6,4127

Trapezoid MF trapmf 4-4-4 3,9806

Gaussian Bell MF | gbellmf 3-3-3 1,1814

Gaussian Bell MF | gbellmf 4-4-4 0,81135

As shown in Table 4, the MF type that gives the least error was determined as "trimf" and the
membership subset was determined as "3-3-3". Figure 8 shows this process in ANFIS.
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@ Neuro-Fuzzy Designer: CO2 Emission Forecasting

File Edit View

Figure 8. Choosing ANFIS Membership Function Type and Subset

A suitable error condition is obtained as shown above. We can also understand this from the correlation
of training and test data in the output part. Figure 9 expresses this with the fit of the data.

@ Neuro-Fuzzy Designer: CO2 Emission Forecasting O X
File Edit View

Figure 9. ANFIS Output Training and Test Data Compatibility

The resulting rule base is shown in Figure 10. Less indentation and protrusion indicates the harmony of
the data.
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Figure 10. ANFIS Model Rule Base

New output data can be obtained with new input data in the rule base of the ANFIS model formed in
Figure 10. Therefore, the specified years 2023-25-30 are estimated in this way. Predicting the coming
years with high accuracy depends on the formation of a strong rule base. Figure 11. Shows the high
correlation of output and prediction data. Training data has a correlation of 99.16%, test data has a
correlation of 96.76% and all data has a correlation of 98.53%.
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Figure 11. Correlation of Output Data and Prediction Results

As seen in Figure 11, output data and prediction results show a high correlation. With the solid rule base
formed in this context, the coming years are strongly predicted. These estimation results are shown in

Table 5.

Table 5. ANFIS Turkiye CO2 Emission Forecast Results

Years 2023 2025 2030
CO, Emission (TURKIYE) - mT 452,54 483,96 564,36
CO2 Emission (TURKIYE) — increase % - %6,9 %16,6

158



4. RUMELI SURDURULEBILIR CEVRE ICIN ENERJI VE TASARIM SEMPOZYUMU

4rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
8-9 Subat 2024 / February 8-9, 2024

Halig, ISTANBUL

ANFIS forecast results for Turkiye have been presented. OECD, USA and CHINA figures are also
presented and a comparison is made. Figure 1 shows the CO2 emissions of these countries. Future
emission estimates of these countries were obtained in Ms Excel using polynomial regression, which
offers a more practical solution than ANFIS. Table 6 compares the emissions of these countries and
societies with Turkiye.

Table 6. ANFIS Trkiye and Other Countries CO2 Emission Estimation Results

Years 2023 2025 2030
CO2 Emission (TURKIYE) - mT 452,54 483,96 564,36
CO2 Emission (TURKIYE) — increase % - %6,9 %16,6
CO2 Emission (OECD) - mT 10.955,26 10.223,85 10.025,20
CO2 Emission (OECD) — increase % - -6,7% -1,9%
CO2 Emission (USA) - mT 4.945,81 4.510,23 4.312,94
CO2 Emission (USA) — increase % - -8,8% -4,4%
CO2 Emission (CHINA) - mT 12.046,78 12.720,56 14.362,02
CO2 Emission (CHINA) — increase % 5,6% 1,3%

Table 6 is interpreted in the next section.
FINDINGS AND DISCUSSION

As seen in Table 6, the increase rate of OECD countries has turned into a decrease. This situation is
the fruit of the green energy transition policies of the last twenty years, as seen in Figure 1. Although
the decrease rate has decreased, it can be seen that it continues the same policy. Similar to the
OECD community, a decreasing trend prevails in the USA. Although it seems to have a high reduction
rate compared to OECD countries, the USA has achieved an emission reduction of approximately 200
mT from 2025 to 2030, and the OECD has achieved a 200 mT emission reduction. This depends on
the size of the emission amount. In this context, it seems that the OECD and the USA are complying
with the Paris Climate Agreement and similar protocols.

According to another situation, emissions continue to increase in China. Although the graph
decreased towards 2030, it could not move on to the decrease part. This is because China has the
highest CO2 emissions in the world. Reducing emissions and switching to green energy will not be
easy with emissions of this size. However, despite everything, it seems that China is trying to comply
with the specified protocols.

In Turkey, which is the subject of the study, the amount of CO2 emissions and the rate of increase are
increasing together. Although this picture seems negative, in this context, Turkey seems to be
incompatible even though it has signed the existing protocols. However, it should be noted that Turkey
produces almost 52 times less emissions than the total of the other three countries and organizations
in Table 6. There may be many reasons for this situation. The most important of these may be new
industrialization moves. In this case, the question that arises may be: "Do the current protocols impose
obligations on countries according to their own capacities?"

CONCLUSIONS AND RECOMMENDATIONS

As seen in Figure 1, OECD, USA and CHINA account for approximately 76% of the total world CO:
emissions. In addition, as seen in Table 6, the OECD community, consisting mostly of European
states, has managed to keep CO2 emissions constant and even reduce them in the last twenty years
with some measures taken. Likewise, there have been declines in the USA for the last five years. In
China, the increase rates are decreasing.

Our study examines the differences in obligations of existing protocols between high-emitting countries

and low-emitting countries. For this purpose, it first shares current emission figures. Afterwards, he
made predictions with ANFIS by considering three inputs and one output that are frequently used in
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the literature for future projection. As a result, it has been confirmed that existing protocols create an
obstacle to high-emitting countries. However, the suggestion that should be offered at this point might
be this. The same responsibility should not be imposed on other high-emitting countries, as well as a
country that has almost 52 times less emissions than the three countries and organizations mentioned
and has just made its industrial breakthrough.
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OzZET

Gunimuizde deprem ve geoteknik mihendisliginde katastrofik etkiler barindiran birtakim mekanik ve
dinamik etkilerin ¢evre ile ekonomiye verdigi zararlar ortadadir. Bu bakimdan, zeminlerin mihendislik
anlaminda iyilestiriimesi buylk énem tasimaktadir. Ancak son ginlerde ragbet géren kimyasallarin
kullanimi dogaya buyilk zarar vermekte olup, buna alternatif olarak endustriyel atiklarin gevre dostu
formlarda iyilestirme malzemesi olarak kullanimi bu ¢alismada degerlendirilmistir.

Anahtar Kelimeler: Zemin lyilestirmesi, Endstriyel Atiklar, Cevre Kirliligi

ABSTRACT

Today, the negative effects caused to the environment and economy by some mechanical and dynamic
effects that have catastrophic effects in earthquake and geotechnical engineering are obvious. In this
regard, engineering improvement of soils is of great importance. However, the use of chemicals that
have become popular in recent days causes great harm to nature, and as an alternative, the use of
industrial wastes as improvement materials in environmentally friendly forms was evaluated in this
study.

Keywords: Soil Improvement, Industrial Waste, Enviromental Pollution

1. INTRODUCTION

Earthquakes that cause some geotechnical problems are experienced in today's Turkey. It can be said
that these problems are mainly caused by the weak resistance of soils with low strength values to the
effects that occur during an earthquake. In our country, which has an ever-growing construction sector
volume, the importance of geotechnical engineering, which forms the basis of superstructure projects,
is becoming more complex day by day. In this sense, it is seen that various ground improvement
methods are applied in order to find the soils under the building sufficient in terms of engineering.

The engineering properties of soils, which are a load-bearing system under buildings, can vary in a wide
range depending on environmental conditions other than soil type. The main engineering properties are
certain variables such as soil density, water percentage, preconsolidation pressure, shear strength and
permeability. In this regard, removing the soils that are not at the desired levels from the environment
and replacing them with more suitable soils is unfortunately not recommended for economic reasons.
Therefore, due to the existing characteristics of the soils in the field, it is obvious that the soils should
be improved in terms of providing limitations at the desired levels and reaching the point that will
constitute the design, and thus, increasing their strength and reducing their permeability.
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During soil improvement, soil void ratios are reduced and the soil intergranular spaces can be filled with
chemicals such as cement, lime, bentonite and waste materials at the current void ratio level [1]. In
addition, poor soil properties are also very important. Because weak soils are soils with low strength,
high compressibility, high void ratio, low plasticity, insufficient bearing capacity, high settlement and
swelling potential, and high permeability problems. To give a general example, loose sandy soils are
soft clay and silts with high lime content. By obtaining the results of the soils subjected to tests by
applying admixture additions and compaction methods, the level of improvement can be measured and
it is understood how much the soil can be improved.

Soil improvement methods are examined in two main groups: traditional and modern methods. These
groups are examined in two different groups as superficial and deep improvements. Among the
superficial improvements, there is compaction in which additive chemicals are not used. Under the same
roof, additive remediation methods include fly ash, cement, solid waste remediation, sand remediation,
and polymer remediation. Although deep improvements are actively used in cohesive and non-cohesive
soils; Dynamic compaction, vibro-flotation, explosives-injection compaction are among them. In addition,
soil reclamation is possible in cohesive soils specifically with the bootstrapping method, sand drains
method, electro-osmosis method and heat improvement methods [2]. It is divided into six main headings
within geotechnical engineering. These are respectively; In cohesionless soils, in-situ deep compaction,
preloading, improvement with additives, thermal improvements and strengthening thanks to the use of
geotextile-geosynthetics [3].

In this way, building foundations can be placed on soils that are placed at a certain density in terms of
engineering and have appropriate values in terms of strength and settlement. In this study, chemical
methods other than traditional methods for soil improvement are discussed and evaluations are made
intermsofsustainability.

2. STUDIES ABOUT INDUSTRIAL WASTES USED IN SOIL IMPROVEMENT AREAS

Solid waste materials have come to the fore in our country in recent years among ground improvements.
The use and recycling of solid waste, which is the most important element of environmental pollution, in
the construction industry offers both economic and environmental advantages. Solid waste, which can
be converted into secondary raw materials and used in other sectors, especially in construction, can
offer an alternative to gaining profit from the world's limited reserves. Thus, important steps are taken in
terms of sustainability.

The first of these, marble dust, is minimal-scale marble waste used as raw material in some industrial
branches. While marble is subjected to cutting during its production, marble dust covers the
environment. The obtained marble powders constitute 30% of the marble produced [4].

Preventing the environmental problems of dust released into the environment in marble production
facilities can also provide benefits for the industry. In this regard, all options available for the use of
marble dust contribute to production facilities and the country's economy, while the possibility of these
facilities polluting the environment can be prevented [5].

In research conducted on the use of geological and asphalt mortar as a filler on roads open to medium-
density traffic, it was measured that the fatigue life of mortars in which marble dust was used was
reduced by 45% compared to asphalt concrete in which volcanic origin mortars were formed [6].

Lignites, one of the main energy sources of our country, are pulverized in thermal power plant boilers,
turned into grains and subjected to incineration, and the fly ashes obtained as a result of the inorganic
solid wastes produced here can reach sizes of up to 200 ym [7].

In another study investigating the durability of fly ash and rice husks on clay soils, it was observed that
rice husk and fly ash waste materials increased the unconfined compressive strength of clay by 12% to
25%, respectively, and it was recommended that the relevant soil could be used as a foundation sub-
material in highway projects [8] .
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In a study conducted with ceramic powders, the index data of mixtures in which ceramic powders were
added to the soil in the range of 0-30% with an increase of 5% were examined. As a result of the studies,
it has been shown that ceramic powders can be used in ground improvement at doses up to 30% [9].

Apart from this, in a study examining waste tire textile fibers on the strength of sandy and clayey sails,
1% dose of waste textile fibers had a negative effect on the strength of clayey soils, while it had a positive
effect on sandy soils [10].

It has been reported that when a material called bottom ash is added to cohesive soils with a 5%
increase between 0-25%, it does not have a significant effect on the strength, deformation and elastic
modulus properties up to 25% levels, but can show its importance at 30% levels [11].

In another study on the possibility of using cement, rice husk ash and calcium carbide waste as soil
reinforcement products, it was observed that rice husk and calcium carbide waste increased the
cohesion and internal friction angle of the soil [12].

In another study where the change in strength results was examined as a result of adding rubber fibers
to a clayey soil in doses ranging from 0-10% with an increase of 2.5%, it was seen that the most
reasonable results were obtained at 7.5% rubber fiber dosage levels and increased the strength value
[13].

In studies conducted on the importance of solid waste management due to the problems that solid waste
causes environmental problems, it has been revealed that the lack of existing solid waste management
guidelines in the majority of cities and the lack of information about planning cause some problems due
to some economic reasons. Today, the world population is increasing 2-3 times every year and the world
population has reached 8 billion. Accordingly, it is presented in the study that environmental pollution
can become a political problem in an executive that lacks planning and organization. It has been
suggested that these problems can be solved by incineration in permanent storage areas and recovery
silos. In this way, it was envisaged that a more suitable financial and political conjuncture could be
achieved for the country [14].

3. CHEMICAL METHODS USED IN SOIL IMPROVEMENT AREA

Chemical stabilization is a soil improvement method in which desired changes in soil engineering
properties are achieved as a result of mixing soils with certain chemicals. Cement, lime and other
calcium-based chemicals, which are inorganic pozzolanic and cement-based binders, are discussed.
While these methods create long-term changes in soil properties, they raise some environmental
concerns [15]. They are basically examined in 4 main groups: biochemical methods, electrochemical
methods, inorganic pozzolanic/cement based materials and organic polymeric binders.

In the biochemical method, a highly durable soil-chemical complex is formed, in which microorganisms
allow environmental protection-based Calcium Carbonate precipitation, and thus, this product formed
between the soil voids and the grains are bonded to each other [16].

In the electrochemical method, the movement of water to the cathode is achieved through the electric
potential between two electrodes on the ground. Thus, the consolidation problem, which is the excessive
pore water problem in fine-grained soils, is accelerated and at the same time, it is aimed to strengthen
the soil by rapidly dewatering the soil and filling the grain voids with collodyl silica gels [17].

In the improvement made with inorganic pozzolanic/cement based materials, sodium silicate and
cement-lime based chemical material, magnesium oxide etc. are used. Various chemicals are available.

Cement, the most important construction material, is used extensively in ground improvements. In this
way, it increases the hardness, strength and endurance of weak soils. The basic principle in cement-
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based improvements is cation-ion exchanges between calcium-based stabilizers. Agglomeration,
pozzolanic reaction and cementation and hydration of the chemical material occur through these ion
exchanges. In addition, the presence of high amounts of lime in the environment causes Ca+2 ions to
increase, thus increasing the solubility and reactivity percentage of silica. In this way, cement and lime
form Calcium Silica Hydrate (C-S-H) bonds between the soil grains, ensuring that the soil grains are
bonded to each other. After this stage, durability and unconfined compressive strength increase in sandy
and clayey soils. While the tightness and internal friction angle increase only in sandy soils, only in
clayey soils, the risk of swelling-shrinkage of the soil decreases, as well as the increase in strength,
thanks to the lime in the environment [18].

Lime, which is the most widely used industrial raw material and ranks 5th in terms of usage dosage, is
a substance obtained by calcination of limestones and has been used as a construction material for a
long time. Lime (CaO) is produced as a result of the calcification of limestone containing calcium
carbonate up to 1000 degrees, and calcium hydroxide is obtained as a result of its reaction with water
(hydration). In addition to lime with high calcium dose, it is obtained from magnesium-containing
dolomitic lime and slaked dolomitic lime, and the use of lime, which is the most well-known substance
since ancient times, is available in many areas [19]. In the study on the stabilization of clays with high
swelling potential by lime additive, it was found that the lime additive controlled the swelling potential by
over 3%, as a result of the classical oedometer tests performed after the standard and modified proctor
tests [20].

In another study on magnesium oxide, it was aimed to improve sandy liquefiable soils mechanically and
hydrologically, and the Magnesium Oxide-Fine Sand complex was cured under completely saturated
room conditions with a 2% dose increase in the range of 0-6%. As a result of the study, the soil internal
friction angle improved and the soil elastic modulus and unconfined compressive strength increased.
Thus, the potential for ground liquefaction is eliminated.

In addition to this information, there are various environmental concerns regarding chemical methods.
It is possible for the chemicals used to evolve into different products due to adverse reactions that may
occur during the formation of existing products due to their long-term presence in the region where they
are contained. At this point, the expected pH values cannot be achieved and thus, the microorganisms
in the area or the chemical form of the groundwater may change. In this sense, environmental pollution
may have been created for the purpose of improvement. [21]

In this sense, in improvements made by chemical means, preliminary experiments should be repeated
constantly and chemical analyzes of the area to be improved should be carried out very well. Thus,
environmental pollution concerns can be prevented.

4. CONCLUSION

The use of waste materials in soil reclamation is a frequently used topic today. These industrial wastes
have been used in many theoretical and practical studies, either alone or mixed with other waste
materials. While the environmental damage of wastes poses a high danger to nature, it seems obvious
that the feasibility studies carried out by mixing them with other expensive chemicals used in the ground
improvement sector at low rates or using them freely, will provide functional contributions to our country
in environmental and economic terms, since the collection and disposal of these wastes creates some
tax liabilities.

As a result of the studies carried out, it is aimed to reduce the negative situations that may arise as a
result of the accumulation of industrial wastes in our environment, to liquidate and bring together the
wastes and to reduce the tax and labor costs requested for this. In this way, the importance of this type
of waste in the geotechnical engineering sector has increased day by day, by preventing the high costs
required for the engineering improvement of the soils constituting superstructures and infrastructures.
In this sense, it is likely that the recovery of all kinds of risky products that may harm the environment
will have positive effects on global sustainability by paving the way for the partial or free use of industrial
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wastes, as well as traditional chemical remediation methods, whose environmental effects are
controversial in the ground improvement engineering market, which is open to development today.

In this way, building foundations can be placed on soils that are placed at a certain density in terms of
engineering and have appropriate values in terms of strength. In this study, existing chemical methods
other than traditional methods and methods using industrial waste in ground improvement are discussed
and evaluations are made in terms of sustainability.

REFERENCES

[1] Mitchell, J.K., “Stabilisation of Soils for Foundations of Structures”, Geot. Eng. Univ. California. 1976
(2) Soysal, H.K., “insaat Miihendisliginde Zayif Zeminler ve Zemin lyilestirme Yéntemleri”, MAS Journal
of Applied Sciences, 6 (3) : 716-742, 2021.

[3] Metchell, J. K. (1981). Soil improvement state-of-the-art report [C]. In Proceedings 10th International
Conference on Soil Mechanics and Foundation Engineering (pp. 509-521). Balkema.

[4] Demir i., 2009, Mermer Tozu ve Atiklarin Kullanim Alanlari, Afyon Kocatepe Universitesi, Teknik
Egitim Fakultesi, Afyon

[5] Ceylan H., 2000, Mermer Fabrikalarindaki Mermer Toz Atiklarinin Ekonomik Olarak
Degerlendirilmesi, Stileyman Demirel Universitesi, Maden Miihendisligi Béliimii, Yiiksek Lisans Tezi,
Isparta

[6] Glrer C., 2005, Atk Mermer Pargalarinin Bitumlu Yol Kaplamalarinda Degerlendirilmesi, Afyon
Kocatepe Universitesi, Teknik Egitim Fakdiltesi, Afyon.

[7] Gérhan G., Kahraman E. Bagpinar S. M., Demir I., 2009, Ugucu Kiil Bélim 1I: Kimyasal, Mineralojik
ve Morfolojik Ozellikler, Afyon Kocatepe Universitesi, Teknik Egitim Fakiltesi, Yapi Teknolojileri
Elektronik Dergisi, Cilt: 5, No: 2, 33 — 42.

[8] Brooks R. M., 2009, Soil Stabilization with Flyash and Rice Husk Ash, Temple University, Department
of Civil and Enviromental Engineering, Philedelphia 19122

[9] Sabat K.A., 2012, Stabilization of Expensive Soil Using Waste Ceramic Dust, SOA University,
Deparment of Civil Engineering, Bhubaneswar-751030, india

[10] Abbaspour M., Aflaki E., Nejad F. M., (2019). Reuse of waste tire textile fibers as soil reinforcement.
Journal of cleaner production, 207, 1059-1071.

[11] Gdllu H., (2014). Factorial experimental approach for effective dosage rate of stabilizer: Application
for fine-grained soil treated with bottom ash. Soils and Foundations, 54(3), 462-477.

[12] Liu Y., Chang C. W., Namdar A., She Y., Lin C. H., Yuan X., Yang Q., (2019). Stabilization of
expansive soil using cementing material from rice husk ash and calcium carbide residue. Construction
and Building Materials, 221, 1-11.

[13] Yadav J. S., Hussain S., Tiwari S. K., Garg A., (2019). Assessment of the load—deformation behavior
of rubber fibre—reinforced cemented clayey soil. Transportation Infrastructure Geotechnology, 6(2),105-
136. Yokohama S., Sato A., (2019). Cyclic mechanical properties of sandy soils by mixing recycled
asphalt pavement material. International Journal, 16(58), 41-47.

[14] Bozkurt Y., ve Yilmaz A., 2010, Turkiye'de Kentsel Kati Atik Yénetimi Uygulamalari ve Kitahya Kati
Atik Birligi (Kiikab) Ornegi, Dumlupinar Universitesi, iktisadi ve idari Bilimler Fakdiltesi Dergisi, C.15, S.1
s.11-28

[15] M. Gaafer, H. Bassioni, T. Mostafa Soil improvement techniques Int. J. Sci. Eng.
Res., 6 (12) (2015), pp. 217-222

[16] J.T. DeJdong, B.M. Mortensen, B.C. Martinez, D.C. Nelson Bio-mediated soil improvement Ecol.
Eng., 36 (2) (2010), pp. 197-210

[17] S. Pamukcu, H.F. Winterkorn  Soil stabilization and grouting Foundation Engineering
Handbook (1991)

[18] J.R. Prusinski, S. Bhattacharja Effectiveness of Portland cement and lime in stabilizing clay soils
Transport. Res. Rec., 1652 (1) (1999), pp. 215-227

[19] Cicek T., 1999, Kire¢ ve Kullanimi, 3.Endustriyel Hammaddeler Sempozyumu, Dokuz Eylul
Universitesi, Miihendislik Fakdiltesi, Maden Mithendisligi Balim, izmir

166



4. RUMELI SURDURULEBILIR CEVRE ICIN ENERJI VE TASARIM SEMPOZYUMU

4rd RUMELI ENERGY AND DESIGN FOR A SUSTAINABLE ENVIRONMENT SYMPOSIUM
8-9 Subat 2024 / February 8-9, 2024

Halig, ISTANBUL

[20] Bozkurt Y., ve Yilmaz A., 2010, Turkiye'de Kentsel Kati Atik Yénetimi Uygulamalari ve Kiitahya Kati
Atik Birligi (Kiikab) Ornegi, Dumlupinar Universitesi, iktisadi ve idari Bilimler Fakdiltesi Dergisi, C.15, S.1
s.11-28

[21] Teker, A. S., O. Cinicioglu ve M. Teker, “ Sivilagmaya Duyarli Gevsek Doymus Temiz Kumun
Magnezyum Oksit ile Tedavisi ”, Zemin Mekanigi ve Geoteknik Mihendisligi 18.Ulusal Konferansi,
Kayseri, 29-30 Eylil 2022, s. 579-590, Erciyes Universitesi, 2022, doi:10.5505/2022zmgm.SS-52

CIRRICULUM VITEA

Ahmet Sinan TEKER, Arastirma Gorevlisi

S6z konusu yazar 1993 yilinda istanbulda dogmustur. Lisans egitimini Ortadogu Teknik Universitesi
Mihendislik Fakiiltesi insaat Miihendisligi Bélimi'nde 2016 yilinda tamamlamistir. Yiiksek Lisans
egitimine 2017 yilinda Politeknico di Milano insaat Miihendisligi Bélimiinde baslayarak, Bogazici
Universitesi insaat Miihendisligi Boliimi Geoteknik Anabilim Dal'nda 2021 yilinda tamamlamistir. Ozel
vakif Universitelerinde Arastirma Gérevliligi ve Ogretim Gérevliligi kadrolarinda gérev alarak, sektérde
Geoteknik Tasarim Muhendisi olarak gesitli projelere imza atmistir.

Yazarin Geoteknik Muhendisliginin yeni bir bilim dali olan Zemin iyilestirmeleri alaninda 4 bildiri ve 1
makalesi bulunmaktadir.

167



ENDEKS

BAYAT
BUYRUK

CAN

CANER
CAKMAK
EVRIM
GUNER
KABAN

KOSE ULUKOK
KARTUNOV
SARIYILDIZ
SONER
SEKERCI

SENSOY

TAPHASANOGLU

TEKER

1,84
1,84
18, 101
1,84
36, 118
50, 134
58, 142
47,131
50, 134
26, 63, 108, 147
50, 134
66, 150
66, 150
78, 162
47,131

78,162
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