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EDITOR NOTU

EDITOR'S NOTE

Editér / Editor
Ali Baran ARIBAN

Degerli okuyucular;

CARBONO6'nin bu sayisinda enerjinin
bugiiniini ve gelecegini mercek altina aldik. Diinya
nifusunun artmasiyla birlikte her gecen gin
enerjiye duyulan ihtiya¢ da artiyor. Fosil yakitlarin
hizla tikenmesi ve daha biyik bir sorun olan
kiresel 1sinma sonucu olusan iklim krizi, enerji
ihtiyacin1 kargilamak i¢in insanhgin alternatif ve
daha surdirilebilir yollar bulmasmin zorunlu
kiliyor.

Bu saymmizda yazarlarimiz enerjinin ne
oldugundan yenilenebilir enerji kaynaklarina birgok
konuya degindiler. Dergimizin onuncu sayisi
vesilesiyle bizler de editorler olarak bir kez daha
ulusal bayramlarimizi kutlama firsat1 yakaladik. 19
Mayis'ta Samsun’a ¢ikan Mustafa Kemal bizler i¢in
biiytik bir 151k yakmustir. 1919’da Samsun’da baslayan
bu biyiik bagimsizlik savast 30 Agustos 1922'de
biiylikk bir zaferle taclandirilmistir. Basta Gazi
Mustafa Kemal olmak tizere bu ugurda bizler icin
canini veren ve gazi olanlara sonsuz stikranlarimizi
sunariz. Bizler Tirk gencligi olarak atamizin actig
yolda durmadan ytriiyecegimize ve onun biraktigi
miraslart koruyacagimiza ant igeriz. 19 Mayis
Genglik ve Spor Bayrami ve 30 Agustos Zafer
Bayrami kutlu olsun.

Ufuk acan yazilariyla dergimize destek olan
yazarlarimiza ve degerli okurlarimiza tesekkiiri
bor¢ biliriz. Enerjinizin her daim yenilenecegi
keyifli bir yaz sezonu ve mutlu giinler dileriz.

Keyifli okumalar...

Genel Yayin Yonetmeni / Editor-in-Chef
irem COSKUN

Dear readers;

In this issue of CARBONOG6, we focused on the
present and future of energy. Due to the increase
in the world population, the need for energy is
increasing day by day. The climate crisis caused by
the rapid depletion of fossil fuels and a bigger
problem, global warming, necessitates humanity to
find alternative and more sustainable ways to meet
its energy needs.

In this issue, our authors touched on many
topics, from what energy is to renewable energy
sources. On the occasion of the tenth issue of our
magazine, we, as editors, once again had the
opportunity to celebrate our national holidays.
Mustafa Kemal, who went to Samsun on 19th of
May, lit a great light for us. This great War of
Independence, which started in Samsun in 1919,
was crowned with a great victory on August 30,
1922. We would like to express our endless
gratitude to those who gave their lives and became
veterans for this cause, especially Gazi Mustafa
Kemal. We, as Turkish youth, swear that we will
continue to walk on the path opened by our
ancestors and protect the legacies left by him.
Happy 19 May Youth and Sports Day and 30 August
Victory Day.

We would like to thank our authors and
valuable readers who supported our journal with
their insightful articles. We wish you a pleasant
summer season and happy days in which your
energy will always be renewed.

Happy reading...
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ARDA FEVZI DAL - HACETTEPE UNIVERSITESI 4. SINIF

YENILENEBILIR ENERJI TEKNOLOJILERI

VE CALISMA PRENSIPLERI

insan popiilasyonundaki ani ve hizli artistan dolay: enerji ihtiyacimiz giin gectikce artmaktadir. insanlik
yillar boyunca farkl enerji iretme yontemleri gelistirmis olsa da temelde enerji kaynaklarim yenilenebilir ve
yenilenemez kaynaklar olarak iki baslikta simiflandirabiliriz. Adindan da anlasilacag: iizere yenilenemez enerji
kaynaklar1 yeniden olusturulamayan ve kullanilamayan enerji kaynaklaridir. Yenilenemez enerji kaynaklarina
petrol, maden ve dogal gaz 6rnek gosterilebilir. Bu kaynaklarin kullanimi insanlifin enerji sorununu gecici
olarak ¢ézse de bambaska sorunlar yaratmaktadir. Yenilenemez enerji kaynaklar: biiyiik miktarlarda sera gazi
(Metan, Karbondioksit, Nitréz Oksit) tirettigi icin iklim degisiklikleri, saglik problemleri ve deniz seviyesinde
degisiklik gibi sorunlara yol agmaktadir. [1] Bu ve bunun gibi sorunlar1 en aza indirmek icin 2016 yilinda “Paris
iklim Anlagmas1” yiiriirliige girmistir. Anlasmanin en biiyiikk amaclarindan biri kiiresel yiizey sicakhigindaki
artis1 2 derece ile sinirlandirmak, miimkiinse 1.5 derecenin altinda tutmaktir. [2] Yapilan bir arastirmaya gore
bu yiizyilda sicaklik artisinin 2 derecenin altinda tutulmasi ihtimali %5 olarak goziikmektedir. [3] Bir baska
calismada ise 2020-2030 yillar1 arasindaki enerji ihtiyacindaki artisin %80’inin siirdiirilebilir enerji
kaynaklarindan elde edilebilecegi sonucuna ulasilmistir. [4] Bu iki veri celisiyor gibi goziikse de aslinda
coziillmesi gereken bir soruna yani yenilenebilir enerji kaynaklarindaki verimliligin diisiik olmasina dikkat
cekmektedir. Yenilenebilir enerji kaynaklar: verimliligin az olmasindan dolay: sicaklik yiikselisini engelleme
konusunda kisa vadede ¢oziim olarak géziikmemektedir. Bu soruna ¢6ziim olarak iki sey yapilabilir: mevcut
teknolojilerin verimliligini artirmak veya daha verimli teknolojiler iiretmek. iki olas1 ¢oziim igin de mevcut
yenilenebilir enerji teknolojilerinin mekanizmasim ve eksik yonlerini derinlemesine bilmek gerekiyor. Mevcut
durumda enerji ihtiyacinin sadece %10’luk bir kismi yenilenebilir enerji kaynaklarindan elde edildigi i¢in konu
daha fazla 6nem kazaniyor. [5] Bu bilgilerin 1s18inda bu yazimda giines enerjisi, riizgar enerjisi ve
hidroelektrik enerjisi iizerinde duracagim.

1) Giines Enerjisi:

Glines enerjisi ¢agimizin en 6nemli sirdirilebilir
enerji kaynaklarindan biri olarak gelecekteki enerji
ihtiyaclarimizi kargilama konusunda onemli bir
potansiyele sahiptir. Giines enerjisi glinesten elde
edebildigimiz sonsuz ve temiz bir enerji kaynagidir.
Temelde “fotovoltaik paneller (PV)” ve “konsantre
giines enerjisi (CSP)” olarak iki baslikta incelenebilir. Bu
iki sistemin mekanizmalar1 arasindaki en biyiik fark
elektrik enerjisi Gretme yollaridir. PV paneller giinesin
enerjisi yerine 1s18m1 kullanirken CSP teknolojisi
glnesin 1s1 enerjisini kullanir. Genel olarak Konsantre
Glines Enerjisi (CSP) teknolojisi daha iyi teknik
performansa sahipken fotovoltaik (PV) teknolojisi cogu
bolgeye ekonomik olarak daha uygundur. [6]

1.1) Fotovoltaik Paneller:

Solar panellerin icerisinde solar hiicre olarak
adlandinlan yapilar bulunur. Bu hiicreler genellikle
silikondan yapihwr. Hiicrelerde silikon tercih edilmesinin
sebebi yari-iletken davrams sergilemesidir. Diger yari-
iletkenler yerine silikon tercih edilmesinin sebebi ise
diinyada en yaygin bulunan ikinci element olmasidir.
Hiicrelerin iginde iki farkl silikon katmani bulunur.
Bunlar P-tipi ve N-tipi olarak adlandirilir. Bu iki tip
arasindaki tek fark elektron saylaridir. N-tipi katmanda
silikondan bir fazla, P-tipi katmanda ise silikondan bir
eksik elektron bulunmaktadir. Giines isinlarinin tasidigu
fotonlar eger silikon katmanmna belirli bir enerji
seviyesinde carparsa hiicrelerden elektron kopanr. Bu
sayede hiicrede 1 adet elektron ve 1 adet bosluk olusur. N-
tipi ve P-tipi katmanlarnn dogast geregi elektron N-tipi
katmana cekilirken bosluk P-tipi katmana cekilir.
Stirecin devaminda N-tipi katmana gekilen elektron P-
tipi katmandaki bosluga ulasmaya calsir ve belirlenen
yolda ilerlerken bir akum olusturur. Bu sayede elektrik
enerjisi uretilmis olur. Bu hiicrelerden 12 tanesini
kullamp bir panel yaparsaniz telefonunuzu kolayca sarj
edebilirsiniz. Daha yiiksek miktarda enerji gerektiren
isleri yapmak icin ise daha fazla saywda hiicreye
ihtiyactmiz olacaktur.



Mekanizmadan anlasilacagi tizere enerji iretiminde
herhangi bir kimyasal reaksiyon gerceklesmemektedir.
Dogaya salinan herhangi bir gaz veya atik bulunmaz.
Madde kaybr da yasanmadig icin bu sitreg yillarca
tekrarlanabilir ve yenilenebilir enerji elde edilebilir. [7]
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Sekil 1: Solar Hiicre Semast (kaynak: https:/ /www.electrical4u.com/solar-cell /)
1.2) Konsantre Giines Enerjisi:

Konsantre Giineg Enerjisi (CSP) teknolojisi glines
1518101 parabolik aynalar, ¢anaklar veya kuleler gibi optik
cihazlarla bir noktada toplar ve giinesin 1s1 enerjisini
alic1 bir odak noktasinda birlestirir. Bu odak noktasinda
yer alan alicida 1s1 transfer sivisi (HTF) adi verilen bir
akigkan bulunur. HTF secgerken 6zgiil 1sis1 yiiksek olan
swvilar tercih edilmektedir.

Giines 1sinlart HTF'nin i¢inden gecgerken akigkan
1sinir ve termal enerji kazanir. Bu 1s1 Termal Enerji
Depolama (TES) yontemleriyle depolanabilir. Bu sayede
ginesten enerji elde edilemeyecek durumlarda
depolanmus enerji kullanilabilir.

Termal enerji depolandiktan sonra buhar iiretmek
icin kullanilir. HTF buhar jeneratoriine gonderilir ve
yiksek  sicaklik-basin¢g altinda  buhar  retilir.
Olusturulan buharin tirbinin rotorunu déndirmesiyle
mekanik enerji tiretir.

Mekanik enerjinin elektrik enerjisine dontistirilmesi
icin jeneratér kullanilir ancak enerji dontisim
sireclerinde her zaman biraz enerji kaybi
gercekleseceginden bu siire¢ Carnot cevrimi ile
sinirlandirilmigtir. [8]

=

2) Riizgar Enerjisi:

Riizgar enerjisinin kaynagi rizgarlarin da sebebi
olan giinestir. Giines enerjisi karalar1 ve denizleri ayni
oranda 1sitmadigindan olusan basing fark: riizgarlar
meydana getirir. Riizgar enerjisi giinimiizde diinyanin
elektrik ihtiyacinin %2 kadarini karsilamaktadir. Bazi
kaynaklarda en temiz yenilenebilir enerji kaynagi olarak
siniflandiriimaktadir. [9]

Cogu rizgar tirbini Gi¢ adet kanadin monte edildigi
celik bir yaprya sahiptir. Daha az yaygin olan turleri iki
kanatli beton veya celik kafesli kulelerdir. Kanatlarin
yukarida olmasmin sebebi yiiksekten esen hizh
riizgarlardan faydalanip enerji Gretimini artirmaktir.

Tiarbinler pervane benzeri kanatlari ile riazgar
enerjisini yakalar. Riizgar eserken kanadn bir tarafinda
disik basincli hava cepleri olusur. Diisitk basincli hava
cepleri kanad: kendine dogru ceker ve rotorun
donmesini saglar. Buna kaldira¢ kuvveti (lift) ad1 verilir.
Kaldira¢ kuvveti kanadin 6n yiiziine karsi gelen riizgar
kuvvetinden ¢ok daha giiclidir. Bu duruma direng
(drag) denir. Kaldira¢ ve diren¢ kuvvetlerinin birlesimi
rotorun bir pervane gibi donmesini saglar. Pervanenin
ana bilesenleri genellikle digliler, rotor ve jenerator gibi
onemli parcalarin yer aldigr akigkan bir kabin olan
“nacelle” icinde bulunur. Tirbin kulesinin arkasinda
olan bu “nacelle” bir helikopterin inig pisti kadar biytik
olabilir. [10]

Sekil 3: Riizgar Paneli Gosterimi [10]

Sekil 2: Konsantre Giines Enerjisi Semasi [8]
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3) Hidroelektrik Enerjisi:

Hidroelektrik enerji en eski yenilenebilir enerji iretme yontemlerinden biridir. Basit haliyle suyun potansiyel
enerjisini elektrik enerjisine ¢evirir. Tirkiye'de tretilen yenilenebilir enerjinin %60.81 hidroelektrik enerjidir. [11]

Hidroelektrik enerji bir baraj veya suyun dogal akisini degistiren bir ydonlendirme yapisi kullanarak suyun
giciini elektrik enerjisine dontstirtr. Hidroelektrik enerji sirekli yenilenen su dongiisiine dayanir. Azalmayan
veya ortadan kaldirilmayan bir yakit olan suyu kullanir. Farkh tipte hidroelektrik enerji tesisleri bulunmasina
ragmen genel olarak suyun akis hiz1 kullanilarak tretim gercgeklestirilir. Hidroelektrik tirbinleri ve jeneratorlerle
suyun potansiyel enerjisi elektrik enerjisine donistirilir. Hidroelektrik enerji elektrik tiretimi igin suya ihtiyag
duydugundan santraller genellikle su kaynaklarinin yakininda veya tizerinde yer alir. Hareketli suyun potansiyel
enerji farkindan yararlanilir. Akis dolayisiyla potansiyel enerjinin daha yiiksek olmast tretilen elektrik miktarini
artirir.

Santral diizeyinde su bir borunun ic¢inden geger ve tiirbindeki kanatlar1 déndirtr. Bu tirbin nihayetinde
elektrik direten jeneratori dondtrtr ve elektrik tretilir. [12]

L Ffim kahirtan

Sekil 4: Hidroelektrik Santrali Mekanizmasi [12]
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WORKING PRINCIPLES OF

RENEWABLE ENERGY TECHNOLOGIES

Due to the sudden and rapid increase in the global population, our energy demand is growing day by day.
Although humanity has developed various methods of energy production over the years, we can fundamentally
classify energy sources into two categories: renewable and non-renewable sources. As the name suggests,
non-renewable sources are energy resources that cannot be regenerated or replenished for further use.
Examples of non-renewable energy sources include oil, minerals, and natural gas. While the utilization of
these resources may temporarily address humanity’s energy needs, it also gives rise to entirely different
problems. Non-renewable energy sources, due to their significant production of greenhouse gases (Methane,
Carbon Dioxide, Nitrous Oxide), contribute to issues such as climate change, health problems and changes in
sea levels.[1] To mitigate these and similar problems, the “Paris Climate Agreement” came into effect in 2016.
One of the primary objectives of the agreement is to limit the increase in global surface temperature to 2
degrees Celsius, preferably keeping it below 1.5 degrees. [2] According to the conducted study, the probability
of keeping the temperature increase below 2 degrees this century is estimated to be 5%. [3] In another study,
it has been concluded that 80% of the increase in 2020 and 2030 can be met from sustainable energy sources.
[4] While these two pieces of information might appear contradictory, they actually highlight an issue that
needs to be addressed: the low efficiency of renewable energy sources. Due to the low efficiency of renewable
energy sources, they do not seem to provide a short-term solution to preventing temperature rise. To address
this issue, two things can be done as a solution: improving the efficiency of existing technologies or
developing more efficient technologies. For both of these potential solutions, it’s crucial to have an in-depth
understanding of the mechanism and shortcomings of current renewable energy technologies. Currently, only
about 10% of the energy demand is met from renewable energy sources, which makes the issue even more
critical. [5] In light of this information, I will focus on solar energy, wind energy and hydroelectric energy in
this writing.

1) Solar Energy:

Solar energy is one of the most significant
sustainable energy sources of our era, holding
substantial potential to meet our future energy needs.
Solar energy is an infinite and clean source of energy
obtained from the sun. It can be primarily examined
under two categories: “photovoltaic panels (PV)” and
“concentrated solar power (CSP)”. The most significant
difference between these two systems lies in the
methods of generating electrical energy. PV panels
utilize the sunlight directly whereas CSP technology
harnesses the heat energy from the sun. Generally,
Concentrated Solar Power (CSP) technology offers
better technical performance while photovoltaic (PV)
technology tends to be more economically viable for
most regions. [6]

1.1) Photovoltaic Panels:

Inside solar panels, there are structures called solar
cells. These cells are usually made of silicon. The reason
for choosing silicon in the cells is its semiconductor
behavior. The reason silicon is preferred over other
semiconductors is that it is the second most abundant
element found on Earth. Inside the cells, there are two
different silicon layers. These are referred to as P-type
and N-type. The only difference between these two types
is the number of electrons. In the N-type layer, there is
one extra electron compared to silicon while in the P-
type layer, there is one less electron than silicon. In
photons carried by sunlight that hits the silicon layer at
a specific energy level, they dislodge electrons from the
cells. This creates 1 electron and 1 hole in the cell. Due to
the inherent nature of N-type and P-type layers,
electrons are drawn to the N-type layer while holes are
drawn to the P-type layer. In the continuation of the
process, the electron drawn to the N-type layer attempts
to reach the hole in the P-type layer and as it progresses
along the defined path, generates a current. This results
in the production of electrical energy. If you use 12 of
these cells and create a panel, you can easily charge your
phone. However, for tasks that require a higher amount
of energy, you will have a greater number of cells.




As it is understood from the mechanism, there is no
chemical reaction taking place in energy production.
There is no emission of any gas or waste into the
environment. Since no matter is lost, this process can
be repeated for vyears, resulting in obtainable
renewable energy. [7]
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Figure 1: Solar Cell Diagram (resources: https: / /www.electrical4u.com /solar-cell /)

1.2) Concentrated Solar Power

Concentrated Solar Power (CSP) technology gathers
sunlight at a single point using optical devices such as
parabolic mirrors, dishes, or towers and concentrates
the solar heat energy at a receiver’s focal point. In the
receiver located at this focal point, there is a fluid
called Heat Transfer Fluid (HTF). When choosing HTF,
liquids with high specific heat are preferred.

As sunlight passes through the HTF, the fluid heats
up and gains thermal energy, this heat can be stored
using Thermal Energy Storage (TES) methods. This
way, stored energy can be utilized when solar energy
cannot be obtained.

After thermal energy is stored, it is used to produce
steam. The HTF is sent to a steam generator where
steam is produced under high temperature and
pressure. The generated steam produces mechanical
energy by turning the turbine rotor.

A generator is used to convert mechanical energy
into electrical energy. However, due to inevitable
energy losses in energy conversion processes, this
process is limited by the Carnot cycle. [8]

2) Wind Power

The source of wind energy is the sun which is also
the cause of winds. As solar energy heats up land and
oceans unevenly, it creates pressure differences that
lead to the formation of winds. Wind energy currently
accounts for about 2% of the world’s electricity needs.
In some sources, it is classified as the cleanest
renewable energy source. [9]

Most wind turbines have a steel structure with
three blades mounted on it. Less common types
include two-blade concrete or steel lattice towers. The
reason the blades are positioned up high is to harness
the power of strong winds at greater heights and
increase energy production.

Turbines capture wind energy with blade-like vanes.
As the wind blows, low-pressure air pockets form on
one side of the blade. These low-pressure air pockets
pull the blade toward themselves and cause the rotor
to rotate. This is referred to as the lift force. The lift
force is much stronger than the wind force against the
front of the blade. This phenomenon is called drag.
This combination of lift and drag forces enables the
rotor to spin like a propeller. The main components of
the propeller are usually located within a fluid-filled
housing called a ‘nacelle’, which includes important
parts such as gears, rotor and generator. This ‘nacelle’,
situated behind the turbine tower, can be as large as a
helicopter’s landing pad. [10]
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Figure 3: The Show of Wind Panel [10]
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Figure 2. The Schema of Concentrated Solar Power [8]
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3) Hydro-Electric Power

Hydroelectric power is one of the oldest methods of generating renewable energy. In its simplest form, it
converts the potential energy of water into electrical energy. In Tirkiye, 60.8% of the produced renewable
energy is hydroelectric energy. [11]

Hydroelectric energy converts the power of water into electrical energy using either a dam or a diversion
structure that alters the natural flow of water. Hydroelectric energy relies on the continuously renewed water
cycle, utilizing water as a fuel source that does not deplete or need to be eliminated. Despite the existence of
various types of hydroelectric power plants, production is generally carried out by utilizing the flow velocity of
water. Hydroelectric turbines and generators convert the potential energy of water into electric energy. Since
hydroelectric energy requires water for electricity production, power plants are typically located near or on
water resources. The potential energy difference of moving water is utilized. The higher potential energy due to
the flow, the higher the amount of generated electricity.

For the power of the plant, water flows through a pipe and turns the blades of the turbine. This turbine
eventually rotates the generator that produces electricity. [12]

Fower Iranamiasian cabiles

Translorrmer

Figure 4: The Mechanism of Hydroelectric Power Plant [12]
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ENERJININ GELECEGI :

GELISEN TEKNOLOIJI VE
[ZLENECEK TRENDLER

IREM COSKUN
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Diinya nifusunun artmas: ve endistrilesmenin
yayginlagmasi, enerji talebini strekli bir sekilde
artirmaktadir. Fosil yakitlarin sinirli rezervleri ve cevresel
etkileri, enerji sektoriinti daha siirdirilebilir ve cevre dostu
¢ozliimlere yonlendirmistir. Bu baglamda, enerjinin
gelecegi, cevre dostu ve surdirtlebilir enerji kaynaklarina
olan talep ve teknolojik gelismelerle sekillenmektedir. Bu
yazida, yenilenebilir enerji kaynaklari, enerji depolama
teknolojileri, akilli sebekeler ve enerji verimliligi gibi kilit
alanlardaki ilerlemeler ele alinacak ve enerji sektortindeki
gelecek vizyonuna 1s1k tutacak Onemli noktalar
vurgulanacaktir.

Guntmiizde enerji sektortinde yasanan teknolojik
gelismelerin 6nemi giderek artmaktadir. Bu gelismeler,
enerjinin dretiminden tiiketimine kadar bircok alanda
biiytitk faydalar saglamaktadir. Yenilenebilir  enerji
kaynaklari, fosil yakitlarin doniisim, enerji verimliligi ve
tasarruf teknolojileri gibi alanlardaki ilerlemeler, enerji
sektoriintiin gelecegini sekillendirmektedir. Bu teknolojiler
hem cevresel siirdirilebilirligi desteklerken hem de
ekonomik faydalar saglamaktadir.

Yenilenebilir Enerji Kaynaklar::

Yenilenebilir enerji kaynaklari, enerjinin gelecegindeki en
onemli trendlerden biridir. Fosil yakitlardan kaynaklanan
cevresel sorunlar ve enerji glivenligine yonelik endiseler,
yenilenebilir enerji kaynaklarinin gelisimini hizlandirmistir.
Giines enerjisi, rizgar enerjisi ve hidroelektrik enerji gibi
yenilenebilir enerji kaynaklari, gelecekte enerji tiretimi icin
biiytik potansiyele sahiptir.

Giines enerjisi, riizgar enerjisi, hidroelektrik enerj,
biyokiitle ve jeotermal enerji, disik karbon salimi ve
sinirsiz dogal kullanim gibi siirdirilebilirlik agisindan
onemli avantajlar sunar. Gilines enerjisindeki fotovoltaik
hiicrelerin maliyetlerindeki diisiis ve rizgar tirbinlerinin
daha verimli hale gelmesi, bu kaynaklarin daha yaygin
kullanilmasini saglamigtir.[1]

Fosil yakitlarin dontisimii ve karbon ayak izinin
azaltilmasi da enerji sektoriinde biiyik bir éneme sahiptir.
Karbon emisyonlarinin azaltilmasi, iklim degisikligi ve cevre
kirliligi gibi onemli sorunlarin c¢oziiminde kritik bir
faktordlr. Yenilenebilir enerji kaynaklarinin  yaygin
kullanimi ve karbon notr enerji tretimi, enerji sektoriinde
strdiritlebilir bir gelecegin ingasina yardimci olmaktadir.

Enerji Depolama Teknolojileri:

Yenilenebilir enerji kaynaklarinin degisken dogasi, enerji
depolama teknolojilerine olan ihtiyact artirmistir. Enerji
depolama, fazla dretilen enerjinin depolanmasini ve
gerektiginde kullanilmasini saglar. Lityum iyon piller,
hidrojen depolama ve swvi tuz depolama gibi yeni nesil
depolama coziimleri, enerji depolama alaninda 6nemli bir
ilerleme kaydetmistir.[2]

Akill1 Sebekeler:

Akilli sebekeler, enerji iretiminden tiiketimine kadar tim
agin  entegre ve otomatik bir gekilde yonetildigi
sebekelerdir. Bu sebekeler, enerji verimliligini artirir, enerji
tiiketimini yOnetir ve enerjiyi giivenli bir sekilde dagitir.
Ayrica, bu siirecteki maliyetleri en aza indirir. Sensorler,
veri analitigi ve iletisim teknolojilerindeki gelismeler, akill
sebekelerin gercege dontismesini saglamistir.[3],[4]

Enerji Verimliligi:

Enerji verimliligi, enerji talebini azaltmanin en etkili
yollarindan biridir. Gelisen teknolojiler ve farkindalik,
binalarin, ulagim aracglarinin ve endistrinin daha verimli
hale gelmesini saglamaktadir. LED aydinlatma, yiksek
verimli izolasyon malzemeleri ve enerji etkin dretim
sirecleri gibi gelismeler, enerji verimliliginde O6nemli
adimlar atmaktadir.[5]

Enerjinin gelecegi, gelisen teknoloji ve izlenecek
trendlerle birlikte daha stirdiirilebilir ve gevre dostu bir
hale gelmektedir. Yenilenebilir enerji kaynaklari, enerji
depolama teknolojileri, akilli sebekeler ve enerji verimliligi,
enerji  sektoriindeki dontsimin temel direklerini
olusturmaktadir. Bu teknolojilerin yayginlagsmas: ve
maliyetlerin diigsmesiyle, enerji sektoriinde daha temiz,
daha givenli ve daha ekonomik bir gelecege dogru
ilerlemekteyiz.
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The increasing global population and widespread
industrialization continuously raise the demand for energy.
The limited reserves and environmental impacts of fossil
fuels have directed the energy sector towards more
sustainable and eco-friendly solutions. In this context, the
future of energy is being shaped by the demand for
environmentally friendly and sustainable energy sources
along with technological advancements. In this article,
advancements in key areas such as renewable energy
sources, energy storage technologies, smart grids and
energy efficiency will be discussed, highlighting crucial
points that will shed light on the future vision of the energy
sector.

The importance of technological advancements in the
energy sector is increasingly growing in today’s world.
These developments bring significant benefits in many
areas, from energy production to consumption. Progress in
fields such as renewable energy sources, transformation of
fossil fuels, energy efficiency and conservation
technologies in shaping the future of the energy sector.
These technologies support both environmental
sustainability and provide economic benefits.

Renewable Energy Sources:

Renewable energy sources are one of the most
significant trends in the future of energy. Environmental
issues stemming from fossil fuels and concern about
energy security have accelerated the development of
renewable energy sources. Renewable energy sources such
as solar energy, wind energy, and hydroelectric power hold
great potential for future energy production.

Solar energy, wind energy, hydroelectric power,
biomass, and geothermal energy offer significant
advantages in terms of sustainability such as low carbon
emissions and unlimited natural use. The decrease in costs
of photovoltaic cells in solar energy and the increased
efficiency of wind turbines have facilitated the wider
adoption of these sources. [1]

The transformation of fossil fuels and the reduction of
carbon footprint also hold great importance in the energy
sector. Reducing carbon emissions is a critical factor in
addressing significant issues like climate change and
environmental pollution. The widespread use of renewable
energy sources and carbon-neutral energy production
contribute to building a sustainable future in the energy
sector.

The Technologies of Energy Storage:

The variable nature of renewable energy sources has
increased the need for energy storage technologies.
Energy storage allows for storing excess generated energy
and using it when needed. Next-generation storage
solutions such as lithium-ion batteries, hydrogen storage
and liquid salt storage have made significant advancements
in the field of energy storage. [2]

Smart Grids:

Smart grids are networks where the entire system, from
energy production to consumption, is integrated and
managed automatically. These grids enhance energy
efficiency, regulate energy consumption and securely
distribute energy. Additionally, they minimize costs
throughout this process. Advances in sensor technology,
data analytics and communication technologies have
enabled the realization of smart grids. [3],[4]

Energy Efficiency:

Energy efficiency is one of the most effective ways to
reduce energy demand. Evolving technologies and
increasing awareness enable buildings, transportation and
industries to become more efficient. Developments such as
LED lighting, high-efficiency insulation materials and
energy-efficient production processes are taking
significant steps towards enhancing energy efficiency. [5]

The future of energy, along with evolving technologies
and followed trends, is becoming more sustainable and
environmentally friendly. Renewable energy sources,
energy storage technologies, smart grids and energy
efficiency constitute the fundamental pillars of
transformation in the energy sector. With the proliferation
of these technologies and decreasing costs, we are moving
towards a cleaner, safer and more economical future in the
energy sector.

RESOURCES:

[1] Jacobson, M. Z., ve Delucchi, M. A. (2011). Providing all global energy with wind, water, and solar power,
Part I: Technologies, energy resources, quantities and areas of infrastructure, and materials. Energy Policy,
39(3), 1154-1169.

[2] Chu, S., ve Majumdar, A. (2012). Opportunities and challenges for a sustainable energy future. Nature,
488(7411), 294-303.

[3] Liu, Y., ve Lund, H. (2018). Large-scale integration of wind and solar power into the Nordic electricity
system: Temporal and spatial balancing of energy and reserves. Applied Energy, 222, 872-886.

[4] What are smart grids? https://www.iea.org/energy-system /electricity /smart-grids (Accessed On:
20.07.2023)

[5] Basaran, T., & Aksoy, U. T. (2021). Energy Efficiency and Its Importance in Sustainable Development: A
Review. International Journal of Energy Economics and Policy, 11(1), 262-267.



https://www.iea.org/energy-system/electricity/smart-grids

AYNIENERJININ
FARKLI URUNLERI
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Enerji, Eski Yunanca'da “bir sey yapmak” ya da “bir
sey olmak” anlamini tagiyan “energeia” kelimesinden
tretilmistir. Fizik bilimi ise en basit hali ile enerjiyi
“bir is yapabilme potansiyeli” olarak tanimlar [1].
Enerjiyi cesitli siniflandirmalar ile alt gruplara ayirmak
mimkiindir. Temelde, yenilenebilir ve yenilenemez
enerji olarak ikiye ayrilabilir. Yenilenebilir enerji; dogal
bir ¢evrim siirecinde aynen kalabilen, kullanilmasina
ragmen azalmayan, tiikenmeyen enerji, yenilenemeyen
enerji ise bir kez kullanildiginda  kendini
yenileyemeyen enerji olarak tanimlanabilir [2].

Evrenin yap: taslarindan biri olan enerji, aym
zamanda canlilarin hayatlarini sirdirebilmeleri igin
ihtiya¢ duyduklar1 hayati gereksinimlerinden biridir.
insan viicudunda hiicrelerin  enerji  ihtiyacini
mitokondri adindaki yapt saglar. Mitokondrinin
sagladigl enerji viicutta Uretilen enerjinin %95'ine
karsilik gelmektedir. Bu enerji; hiicrelerin gelismesi,
bliytimesi, cogalmasi gibi islevler icin kullanilir [3].
Enerjinin Gretimi, depolanmasi ve kullanimi sistematik
ve dengelidir. Termodinamik yasalarinin da ortaya
koydugu tizere enerji yoktan var edilemedigi gibi var
olan enerji de yok edilememektedir. Enerji isin yalnizca
bir dontisim s6z konusudur.

Bu yazimda enerjiyi daha felsefi bir yaklasimla ele
alarak size yeni bir bakis acisi i¢in kigiik bir pencere
aralamak istiyorum. Hayatiminiz siirdirebilmemizi
saglayan seyin enerji oldugunu biliyoruz. Bu bilgiyi
temel alarak insanin bir enerji Urind oldugunu
varsayalim. Enerjinin @rtini olugumuza gore yoktan
var olamaz veya varken yok edilemeyiz. Bu noktada
yillardir bilimin en temel arayislarindan biri olan,
“Enerji nasil var oldu, nerden geldi?” sorularini bir
kenara birakmanizi istiyorum. Enerjinin bir noktada
var olmaya bagladigi ve bizim de enerjinin bir Grint
olarak var oldugumuz varsayimi tizerinden diisinmeye
devam edecegiz.
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Sizin var olmanizin sebebinin anne ve babinizin
sahip  oldugu  enerji  oldugunu  soyleyelim.
Ebeveynleriniz enerjisi bagka bir enerjiye déniigserek
sizin var olmaniza sebep oldu. Siz hayatiniz boyunca
sirdirebilirliginizi devam ettirmek i¢in etrafinizdaki
enerjiyi degistirmeye ve dontistiirmeye devam ettiniz.
Yasam donglnizin sonuna geldiginizde sahip
olugunuz enerjiyi dontiistiirmeye devam ederek diger
molekiillere aktardiniz. Boylece yeni bir yagam
dongisi olusturmug oldunuz. Enerjinizi dontistiirerek
yeni bir enerji formunda varligimizi siirdirmeye devam
ettiniz. Bu varsayimimiza gore; hepimizin bir noktada
var olmaya baglayan ve farkli formlara déniigerek
bizim var olmamizi saglayan enerjinin bir Urtni
oldugumuzu sdéylememiz miimkiin olabilir. Bu da bazi
insanlar1 kendimize daha yakin gérmemizi ve daha
derin baglar kuramizin temel sebebi olarak
gosterilebilir. Fakat sunu unutmamamiz gerekir ki, bir
enerji birden fazla forma donitisebilir ve farkli amaclar
icin kullanilabilir. Ornegin; bitkiler giines enerjisini
fotosentez ile kimyasal bag enerjisine dontstir ve
yasamsal faaliyetleri icin kullanirlar, biz insanlar ise
glines enerjinin paneller aracilig ile elektrik enerjisine
dontstirir ve bu donistirdigimiz enerjiyi de
elektronik cihazlar1 c¢alistirmak igin kullaniyoruz.
Oyleyse, bizi birbirimizden ayrran seyin de
gecirdigimiz degisim ve dontstmlerin farkli olmasi
olarak agiklayabiliriz. Sonug olarak; bazi farkliliklarimiz
olsa da hepimiz ayni enerjinin irlnleriyiz. Hepimiz
farkli bir ©6nem arz ediyoruz ve higbirimiz
birbirimizden uGstiin degiliz. Cunkd yaptigimiz
varsayima gore hepimizin birbirine doniisebilme
ihtimali ve sansi var. Litfen cevrenizdeki insanlari
farlihklar1 nedeniyle ayristirmaya ve soyutlamaya
calismak yerine ortak noktalar bulmay: deneyin. Sahip
oldugunuz enerjiler farkli frekanslara sahip olabilir ya
da enerjilerinizi farklh amaclar ugruna kullaniyor
olabilirsiniz. Bu sizi daha 6nemli ya da karsinizdaki
insandan daha 6nemsiz kilmiyor. Bunu unutmamaya
caligin...

[2] Kaya, K., Senel, M. C. & Kog, E. (2018). Diinyada ve Tiirkiye'de Yenilenebillr Enerji Kaynaklarinin Degerlendirilmesi. Technological Applied Sciences, 13 (3), 219-234.

[3] Coskun, A. 2011, “Hticrenin Enerji Santrali Mitokondri,” Bilim ve Teknik, Nisan, 521, s. 76-79.
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DIFFERENT

PRODUCT OF THE
SAME ENERGY

RABIA YOZGATLI - ANKARA UNIVERSITY 4TH YEAR STUDENT

Energy is derived from the Ancient Greek word
‘energia’, which means ‘to do’ or ‘to be’. In physics,
energy is defined as the ‘capacity to do work’ [1].
Energy can be classified into various subgroups.
Essentially, it can be divided into renewable and non-
renewable energy. Renewable energy refers to the
type of energy that can be sustained in a neutral cycle,
does not deplete with use and is inexhaustible. On the
other hand, non-renewable energy can be defined as
energy that cannot replenish itself once used [2].

Energy, one of the building blocks of the universe,
is also vital necessity for living organisms to sustain
their lives. In the human body, the energy needs of
cells are provided by a structure called mitochondria.
The energy supplied by mitochondria accounts for
about 95% of the energy product in the body. This
energy is utilized for functions such as cell
development, growth and reproduction [3]. The
production, storage and utilization of energy are
systematic and balanced. As the laws of
thermodynamics state, energy cannot be created out
of nothing and existing energy cannot be destroyed.
Energy only undergoes a transformation in any given
process.

In this paragraph, I would like to approach energy
from a more philosophical perspective and open a
small window for a new point of view. We know that
energy is what enables us to sustain our lives. Let’s
assume, based on this knowledge, that humans are
products of energy. As the products of energy, we
cannot come into existence out of nothing or be
destroyed when we already exist. At this point, I urge
you to set aside one of the most fundamental quests of
science for years: the question of “How did energy
come into existence, where did it come from?” We will
continue to ponder based on the assumption that
energy began to exist at some point and we ourselves
exist as products of energy.

RESOURCES:
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Let’s say that the reason for your existence is the
energy possessed by your parents. Your parents’
energy transformed into another form of energy,
which led to your existence. Throughout your life, you
have continued to change and transform the energy
around you for your sustainability. When you reach
the end of your life cycle, you continue to transform
the energy you possess and pass it onto other
molecules. In this way, you create a new cycle of life.
You have continued to sustain your existence by
transforming your energy into a new form of energy.
According to this assumption, it is possible to say that
we all are products of energy that started to exist at
some point and enabled our existence by transforming
into different forms. This could be seen as a reason for
feeling closer to each other and forming deeper
connections with others. However, we must not forget
that energy can transform into multiple forms and can
be used for different purposes. For instance, plants
convert solar energy into chemical bond energy
through photosynthesis and use it for their vital
activities, while we humans convert solar energy into
electrical energy through solar energy panels and use
this transformed energy to operate electronic devices.
Therefore, we can explain that the thing that sets us
apart from each other is the differences in the
changes and transformations we undergo. In
conclusion, despite some differences, we are all
products of the same energy. We all hold equal
significance and none of us is superior to others.
According to the assumption we have made, we all
have the possibility and chance to transform into one
another. Please try to find common ground with the
people around you instead of trying to segregate and
abstract them based on their differences. Your
energies may have different frequencies or you might
be using your energies for different purposes.
However, this does not make you more important or
the other person less significant. Try not to forget this.

[2] Kaya, K., Senel, M. C. & Kog, E. (2018). Diinyada ve Tiirkiye'de Yenilenebillr Enerji Kaynaklarinin Degerlendirilmesi. Technological Applied Sciences, 13 (3), 219-234.

[3] Coskun, A. 2011, “Hticrenin Enerji Santrali Mitokondri,” Bilim ve Teknik, Nisan, 521, s. 76-79.
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KARBON YAKALAMA VE DEPOLAMA (CSS):

FOSIL YAKITA DAYALI ENERJI URETIMINDEN
KAYNAKLANAN EMISYONLARIN AZALMASI

Komdir, dogal gaz ve petrol gibi kaynaklardan
enerji uretiminde fosil yakitlar yaygin olarak
kullanilmaktadir. Bu siirecte meydana gelen CO2
emisyonlari, sera gazi olusturarak kiiresel 1ssnma ve
iklim degisikligine yol agar.

Son birkag yilda CCS teknolojileri daha giigli
iklim hedefleri ve finansal tegvikler sayesinde yeni
bir ivme kazanmigtir. Kiiresel isinmanin risk ve
etkilerini azaltmak amaciyla Tirkiye'nin de iginde
bulundugu 200’e yakin ilke, Birlesmis Milletler
iklim Degisikligi Cerceve Sozlesmesi (BMIDGS)
kapsaminda diizenlenen Paris iklim Anlagsmasrna
imza atmistir [1]. Bu so6zlesmeyle birlikte kiiresel
sicaklik artis, sanayi 6ncesi seviyeye kiyasla 1.5 ©C
ile sinirlandirilmistir. Kiiresel 1sinmay1 bu seviyede
sinirlamak igin, nétr bir karbon dengesine ve 2050
itibariyle “net sifir’ CO2 salinimlarindan O2 elde
edilmesine ihtiya¢ vardir [1]. 2050 karbon notr
hedefi dogrultusunda gelistirilen teknolojilerden
birisi de Karbon Yakalama ve Depolama (Carbon
Capture and Storage) (CCS) teknolojisidir [2].

Karbon Yakalama ve Depolama (CCS), fosil
yakitlarin ve biyokiitlenin kullanildig1 tesislerde
veya enddstriyel tretim tesislerinde salinan CO2’ i
yakalamak ve depolamak icin kullanilan bir
teknolojidir.

Uluslararast Enerji Ajanst raporunda CCS
projelerinin, karbondioksit yayillimini neredeyse
beste bir oraninda; iklim krizi ile miicadeledeki
maliyeti ise %70 oraninda azaltabilecegi
belirtilmistir [2].

CCS teknolojilerinin optimize edilmesi i¢in su
kararlarin dogru  bir  sekilde  verilmesi
gerekmektedir; CO2'nin hangi kaynaklardan ve ne
kadar yakilacagi, CO2 vyakalamak icin hangi
teknolojilerin kullanilacagi, boru hatlarinin nereye
insa edilecegi ve caplarinin ne kadar olacagi, hangi
rezervuarlarda CO2 depolanacagi ve ne kadar CO2
enjekte edilecegi, kaynak ve rezervuar arasindaki
dagitim agmin nasil olacagl ve yakalanan COZ2'in
hangi kullanim alanlarinda degerlendirilebilecegi

(3]

CO2 yakalama ve depolama teknolojileri; karbon
yakalama, belirli basinca kadar sikistirma, belirli bir
bolgeye tasima ve yakalanan CO2’in depolanmasi
gibi bir¢cok teknolojinin kombinasyonunu igerisinde
barindirir [4].

Karbondioksit yakalama islemi baghca g
yontemle yapilir. Bunlar, yanma sonrasi yakalama
(post-combustion), yanma Oncesi yakalama (pre-
combustion) ve oksi-yakit yanma (oxy-fuel
combustion) teknolojileridir [4].




1. Yanma Sonrasi Karbondioksit Yakalama: Yanma
sisteminde herhangi bir degisiklik yapilmadan,
yakitin yanmasindan sonra c¢ikan baca gazindan
karbondioksitin uzaklastirilmas: prensibine dayanir

[6]-

Bu sistemde absorpsiyon (kimyasal ve fiziksel
¢ozictler), adsorpsiyon (aktif karbon vb.),
membranlar, metal organik yapilar, enzim bazh
sistemler gibi bir¢ok farkli ayirma teknolojisi
kullanilir [7]. Kullanilan ¢6ziict madde, CO2'den 1s1
kullanarak ayrigtirthr ve geri dontstirilerek
yeniden kullanima sokulur. Uzaklastirilan CO2 ise
yerin altinda, kayalarda depolanir [8].

2. Yanma Oncesi Karbondioksit Yakalama: Yakit,
buhar ve hava veya oksijen ile reaksiyona girer ve
genellikle syngas (sentez gaz) olarak adlandirilan
bir karbonmonoksit ve hidrojen karigimina
donistirdlir. Bu teknikte karbon, sentez gazi
yanmadan once fiziksel veya kimyasal absorpsiyon
yontemleriyle ayristirilir ve depolanir [9].

3. Oksi-Yakit Yanma ile Karbondioksit Yakalama:
Ana prensip, yanma olay1 i¢in hava yerine oksijen
kullanilmasidir. Baca gazi temel olarak su buhari ve
CO2'den olusur ve bodylece CO2 ayrigmasi igin
gereken enerji tiiketimi azalir [9].

Yakalanan CO2, tagima igleminde sikigtirilir ve
uygun bir depolama alanina veya kullanim tesisine
nakledilir. Karbondioksitin taginmasi; boru hatti ile,
gemi tankeri ile, kara tankeri ya da trenler ile
yapilabilmektedir [10].

CO2'in, vyeterli gozeneklilik, gecirgenlik ve
givenlik ile 6zenle secilmis yeralti gozenekli kaya
olusumlarinda kalict olarak depolanmasi gerekir.
Depolama derinlikleri tipik olarak 1-5 km
arasindadir. CO2'in enjekte edildikten sonra sizma
riski ¢ok kii¢tiktir ve aragtirmalar CO2'in %98' inin
10.000 yil boyunca hapsolmus halde kalabilecegini
gostermektedir [6].

Yeralti tuzlu olusumlari, kdmir c¢ikarilamayan
yeralti komir ocaklari, gelismis petrol geri kazanim
sahalar1 (EOR) ve tiikkenmis petrol ve dogal gaz
sahalari jeolojik depolama i¢in uygun alanlardir [11].

CCS teknolojisinin maaliyetinin yliksek olmasi
sebebiyle depolanan  karbonun bir = kismu
kullanilmak tzere donustiiriilmektedir. Boylece bu
teknolojinin maaliyeti diisiirilebilir.

Yakalanan karbonun bagka bir kullanim amaciyla
dontstirilmesi teknolojisine de Karbon Yakalama,
Kullanma ve Depolama Teknolojileri (CCUS) adi
verilmektedir [2].

CCUS teknolojisiyle yakalanan COZ2; gelismis
petrol geri kazaniminda (EOR), diger petrol ve
dogal gaz enddstrisi uygulamalarinda, gida isleme,
muhafaza ve paketlemede, kahve
kafeinsizlestirmede, seliiloz ve kagit islemede, celik
imalatinda, komir yataklarinda metan gazinin
uretiminde, kimya endistrisinde metanol ve {tre
dretilmesinde, yangin tiplerinde ve yangin
sondirme sistemlerinde, dondurulmus gida meyve
ve sebze stoklanmasi ve muhafazasinda,
madenlerde patlayict maddelerin sogutulmasinda,
tehlikeli sivilarin transferinde ve daha birgok
uygulama alaninda kullanilmaktadir [12]
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CARBON CAPTURE AND STORAGE (CCS):

REDUCING EMISSIONS FROM FOSSIL
FUEL-BASED ENERGY PRODUCTION

In energy production from sources such as
coal, natural gas and oil, fossil fuels are widely
used. During this process, the CO2 emissions that
occur contribute to the greenhouse effect, leading
to global warming and climate change.

In recent years, CCS Technologies have gained
new momentum due to stronger climate targets
and financial incentives. Nearly 200 countries,
including Turkey, have signed the Paris Climate
Agreement, which was organized under the United
Nations Framework Convention on Climate Change
(UNFCCC), to reduce the risks and impacts of
global warming [1]. With this agreement, global
temperature increase has been limited to 15
°Ccompared to preindustrial levels. To limit global
warming to this level, achieving a carbon-neutral
balance and obtaining O2 from “net zero” CO2
emissions by 2050 are necessary [1]. One of the
technologies developed in line with the 2050
carbon-neutral target is Carbon Capture and
Storage (CCS) technology [2].

Carbon Capture and Storage (CCS) is a
technology used to capture and store CO2 emitted
from facilities using fossil fuels and biomass or
from industrial production facilities.

According to the International Energy Agency
report, CCS projects are said to reduce carbon
dioxide emissions by almost one-fifth and could
lower the cost of combating the climate crisis by
70% [2].

To optimize CCS Technologies, the following
decisions need to be made accurately: determining
the sources and amounts of CO2 to be captured,
selecting the technologies for CO2 capture,
deciding where and what size pipelines will be
constructed, identifying the reservoirs for CO2
storage and the amount of CO2 to be injected,
planning the distribution network between the
sources and reservoirs, and determining the
potential utilization areas for the captured CO2 [3].

CO2 capture and storage technologies
encompass a combination of various techniques,
including carbon capture, compression up to a
specific pressure, transportation to a designated
area, and storage of the captured CO2 [4].

Carbon dioxide capture is primarily performed
through three main methods: post-combustion
capture, pre-combustion capture, and oxy-fuel
combustion technologies [4].
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1. Post-Combustion Carbon Dioxide Capture: It is
based on the principle of removing carbon dioxide
from the flue gas emitted after the combustion of
fuel without making any changes to the
combustion system.

In this system, various separation technologies
such as absorption (chemical and physical
solvents), adsorption ‘activated carbon, etc.),
membranes, metal-organic frameworks, and
enzyme-based systems are used [7]. The solvent
used is regenerated by separating it from CO2
using heat and then recycled for reuse. The
captured CO2 is stored underground in geological
formations [8].

2. Pre-Combustion Carbon Dioxide Capture: The
fuel reacts with steam and air or oxygen, typically
converting into a mixture of carbon monoxide and
hydrogen known as syngas (synthesis gas). In this
technique, carbon is separated and captured from
the syngas before it undergoes combustion
through physical or chemical absorption and is
then stored [9].

3.Carbon Dioxide Capture with Oxy-Fuel
Combustion: The main principle is the use of
oxygen instead of the air combustion process. The
fuel gas primarily consists of water vapor and CO2
thereby reducing the energy consumption
required for CO2 separation [9].

The captured CO2 is compressed during the
transportation process and then conveyed to a
suitable storage site or utilization facility. The
transportation of carbon dioxide can be done
through pipelines, tanker ships, road tankers or
trains [10].

CO2 needs to be permanently stored in carefully
selected underground porous rock formations with
sufficient porosity, permeability and security.
Storage depths typically range from 1 to 5 km. After
injection, the risk of leakage is very low and
research indicates that around 98% of the injected
CO2 can remain trapped for 10,000 years [6].
Underground saline formations, abandoned
underground coal mines, advanced oil recovery
fields (EOR) and depleted oil and natural gas fields
are suitable areas for geological storage [11].

Due to the high cost of CCS technologies, a
portion of the stored carbon is converted for
utilization, thus reducing the overall cost of the
technology. The process of converting captured
carbon for another use is known as Carbon
Capture, Utilization and Storage (CCUS)
technologies [2].

CO2 captured through CCUS technology is
used in various applications, including advanced
oil recovery (EOR), other oil natural gas industry
applications, food processing, preservation and
packaging, decaffeination of coffee, cellulose and
paper processing, steel manufacturing, methane
gas production in coal beds, methanol and urea
production in the chemical industry, preservation,
cooling of explosives in mines, transfer of
hazardous liquids and many other application
areas [12].
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10 MILYARLIK KAR

Yenilenebilir enerjinin giniimiizde ne kadar 6nem arz ettigini hepimiz biliyoruz. Gerek Covid-19 salginin
normallesme siireci, gerek Rusya-Ukrayna savas: gibi etmenler yiiziinden enerji tiiketimi ve enerjiye ulasim
yollar1 ¢alkantili siiregler gegirdi. Tiirkiye, bu konuda disa baglhiligindan dolay1 gelismis iilkelere nazaran daha
cok etkilendi. Bu durum iilkemizin ekonomisini de oldukga etkiledi. Giin gectikce artan enerji ihtiyacimizi
sadece komiir, petrol gibi titkenme sorunuyla karsi karsiya olan enerji kaynaklariyla karsilamak akillica bir
hareket olmayacaktir. Bu nedenle riizgar, giines enerjisi gibi yenilenebilir enerji kaynaklarini “nasil, ne kadar
kullanacagiz?” gibi sorular asla giindemimizden diismiiyor, diismemeli de.

Ekonomiden de bahsetmisken yenilenebilir
enerjiye katkida bulunmak adina kurulmug SHURA
Enerji DOnlisimt Merkezi, 2023 yilinda bir rapor
yaymnladi. Bu rapor, 2022 yilinda riizgar ve giines
enerjileri kullanimimin iki kat artmasi durumunda 10
milyar dolarlik tasarruf yapilabilecegini ortaya koydu.

Raporda iki farkli senaryo bulunuyor: birincisi
rizgar ve gilines enerjisinin fazla oldugu; ikincisi
rizgar ve giines enerjisinin olmadig1 senaryo. Bu iki
durum genis ¢ercevelerden degerlendirip ekonomik
ve c¢evre saghgi bakimindan ilkemize etkileri
kiyaslanmus.

Riizgar ve gilines ile enerji Gretimi artirildiginda
piyasa maliyet fiyatlari, reel fiyatlardan %24 daha az
bir yol seyretmis. Bu senaryoda riizgar ve glnes
enerjisi Gretiminin artmastyla ithal yakit maliyetinde
onemli bir disis gozlenmis, slibvansiyon*
maaliyetleri de bu senaryoda azalmstir.

Yazilanlari biraz rakamsallagtiralim:

e Rizgar ve glines enerjisinin olmadig1 senaryoda
2,2 milyarlik siibvansiyon uygulanirken diger
senaryoda 1.2 milyar dolarlik masraftan kaginarak
3,1 milyar dolar kar elde edilebiliyor. Bu maliyet
2022 yih reel durumunda ise 1,9 milyar dolar
olarak hesaplanmis.

e 2022 yih i¢in reel durumda, piyasa maliyetleri
2257 TL/MWh seviyesinde gerceklesirken,
Riizgir ve Gunes'in Fazla Oldugu Senaryo'da 1.699
TL/MWh seviyesinde gerceklesmistir. Gilines ve
rizgar olmadigi durumlarda ayn: deger 2.338
TL/MWh'dir.

Comieal Garm ra- g
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e Caliymada dikkate alinan projeksiyon doénemi
(2022), elektrik tretimi icin ithal edilen yakit icin
toplam 18,6 milyar dolar gerekiyor. Rizgar ve
Giines olmadigi durumlarda bu deger 21 milyar
dolar seviyesindeyken, Riizgir ve Giines oldugu
durumlarda 8,3 milyar dolar seviyesinde. [1]

Rapora biraz da cevresel faktdrler agisindan
bakalim. Turkiye, 2053 net-sifir karbon hedefi ve
Paris Anlagmasi kapsamindaki taahhiitleri nedeniyle
karbon emisyonlarinda kisa, orta ve uzun vadede
O6nemli azaltimlar saglamak durumundadir. 2022 igin
model sonuglari incelendiginde, Riizgar ve Gilinegin
Fazla Oldugu Senaryo i¢in hesaplanan emisyonlarin
%21,4 daha distik oldugu ve Rizgar ve Gilinegin
Olmadig1 Senaryo icin hesaplanan emisyonlarin
%32,4 daha ytiksek oldugu gorillmektedir.

Raporda goze carpan bagka bir detay ise reel
durumun, Rizgar ve Giines Enerjisinin Olmadigi
Senaryoyla benzerlik gostermesi. Guniimiizde
Tirkiye, enerji ihtiyacinin yaklagik olarak %35'ini
komiirle, %22’sini dogal gazla, %11'ini rizgarla, %5'ini
giinesle ve %3'untl jeotermal enerji ile kargilamakta.
Daha temiz ve refah bir ilkede yasamak igin
yenilenebilir enerji kaynak kullanimmi elimizden
geldigince artirmaliyiz. Bu nedenle yatirimci ve
tiketiciler tesvik edilmelidir. Daha temiz gilinlerde
yasamak hepimizin elinde.

*Siibvansiyon: bir iiriine vb. devletge yapilan para yardimi.
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|0 BILLION PROFIT

We all know how important renewable energy is in today’s world. Due to factors like the Covid-19
pandemic's normalization process and events such as the Russia-Ukraine war, energy consumption and access
to energy sources have undergone turbulent changes. Turkey, due to its external dependence, was more
affected compared to more independently developed countries. This situation also significantly impacted the
country's economy. Meeting our increasing energy needs solely with energy sources facing depletion issues
like coal and oil wouldn't be a wise move. Therefore, questions like "how much and how will we use" renewable
energy sources like wind and solar energy remain on our agenda and should continue to do so.

Speaking of the economy, SHURA Energy
Transition Center, established to contribute to
renewable energy, released a report in 2023. This
report revealed that if the usage of wind and solar
energy doubled in 2022, a saving of 10 billion dollars
could be achieved.

The report presents two different scenarios: one
where wind and solar energy are abundant and the
other where they are absent. These two scenarios are
evaluated within broad frameworks, comparing their
effects on our country's economy and environmental
health.

When the production of energy with wind and
solar is increased, market cost prices have followed a
path of 24% lower than real prices. In this scenario, a
significant decrease in imported fuel costs has been
observed with the increase in wind and solar energy
production and subsidy costs have also decreased.

Let's put it in some numbers:

o In the scenario where wind and solar energy are
absent, subsidies of 2.2 billion dollars are applied,
while in the other scenario, a profit of 3.1 billion
dollars can be obtained by avoiding a cost of 1.2
billion dollars. This cost was calculated to be 1.9
billion dollars in the real situation of 2022.

o For the real situation of 2022, market costs were
realized at the level of 2,257 TL/MWh, while in
the scenario of Abundant Wind and Solar, it was
realized at the level of 1,699 TL/MWh. The same
value when there's no wind and solar is 2,338
TL/MWh.

o Considering the projection period (2022) in the
study, a total of 18.6 billion dollars is required for
the imported fuel for electricity production. In
the scenarios without Wind and Solar, this value
is at the level of 21 billion dollars, while in the
scenarios with Wind and Solar, it's at the level of
8.3 billion dollars.

Let's also look at the report from an environmental
perspective. Due to Turkey's 2053 net-zero carbon
target and commitments under the Paris Agreement,
significant reductions in carbon emissions are
necessary in the short, medium and long term. When
model results for 2022 are examined, it's seen that
emissions calculated for the Abundant Wind and
Solar Scenario are 21.4% lower, while emissions
calculated for the No Wind and Solar Scenario are
32.4% higher.

Another noteworthy detail in the report is the
resemblance of the real situation to the scenario
where Wind and Solar Energy are absent. Currently,
Turkey meets approximately 35% of its energy needs
with coal, 22% with natural gas, 11% with wind, 5%
with solar, and 3% with geothermal energy. To live in
a cleaner and more prosperous country, we should
increase the use of renewable energy sources as
much as possible. Therefore, investors and
consumers should be encouraged. The possibility of
living in cleaner days is in all our hands.

*Subsidy: Financial aid provided by the government for a product, etc.
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Parametric comparison of realized and modeled results for 2022
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HIDROJEN DEPOLAMA YONTEMLERI

Hidrojen... Evrenin kiitlesinin %75’ini olusturan en hafif element.

Basit atomik yapisinda g¢ekirdegi bir adet proton ihtiva ederken noétronu yoktur. Kendisinden agir diger tim
elementlerin kaynagi, yildizlarda gerceklesen termontkleer flizyon reaksiyonlarinin ise ham yakitidir. Kesfedilen
evrendeki on atomdan dokuzunun hidrojen oldugu bilinmektedir. Fakat yerkiiremizde serbest haliyle (H2)
karsilagsmak diisiik bir olasiliktir. Su ve organik molekdller basta olmak tizere hayati bilesiklerin yapisinda siklikla
karsilastigimiz bu elementi tek basina bulmak isteme sebebimiz ise neredeyse bir o kadar kritik: enerji ¢evrimine
dahil etmek.

2000l yillarin basinda, gevre sorunlarina iliskin farkindaligin artmasiyla beraber, hidrojen tizerine ytrtiillen
aragtirmalar da 6nemli bir ivme kazanmustir. Enerji tasiyicist olarak hidrojenin diger tiim hammaddelerden daha fazla
avantaja sahip oldugu ise artik su gotlirmez bir gergek durumundadir. Sinirsiz bollukta bir kaynak olmasinin yaninda
kiitlesel nicelik basina en fazla enerji kapasitesine sahip olmas: ve kullanim: sonrasi dogaya sadece su ya da su
buharini atik olarak birakmasi baslica tstinlikleri olarak goze carpmaktadir. Ekolojik dengenin altiist olma
tehlikesiyle karsi karsiya oldugumuz ve iklim krizlerinin giindelik hayatin parcgasi haline geldigi bir c¢agdan
gecmekteyiz. Bu bakimdan temiz enerjilere gecis senaryolart, fosil yakitlar titkenmeden giindeme gelmeye baglad.

Gunimiz itibariyle saf hidrojen eldesini saglayan yiizlerce metot mevcuttur. Halihazirda tretilen hidrojenin
onemli bir kismi fosil yakit kaynakhidir. Fakat bu tip tiretim siireclerinin atik kapasitesi, hidrokarbonlarin geleneksel
yollarla yakit olarak kullanilmasina gore ¢ok daha diisiikk olmakla birlikte nispeten kontrol edilebilir kalmaktadir.
Ayristirilan karbon atomlarinin bos haldeki dogalgaz yataklarina ya da okyanus diplerine hapsedilmesi, zararh atik
tehlikesinin 6niine gegebilecek baslica alternatifler arasindadir. Bunun diginda riizgar ve giines gibi yenilenebilir
kaynaklardan elde ettigimiz elektrik enerjisini depolamak i¢in de hidrojen gayet uygun bir enstrimandir. Kullanim
fazlasi elektrik suyun elektrolizine yonlendirildiginde saf hidrojen atomlar1 sudan ayristirilir. Daha sonra ise arzu
edilen cesitli yollarla hidrojeni tekrar enerjiye dontistirmek -geleneksel pillere ihtiyag duymadan- miimkin
olmaktadir.

Tim bu bahsi gegen, gelecek adina umut vadeden fikirlerin nihayetinde kargimiza ¢ikan konu ise ener;ji tastyicisi
olarak degerlendirmek istedigimiz hidrojenin, bu amaca uygun bicimde depolanmasi ve nakledilmesidir.
Muhtemelen hidrojeni daha yaygin bir enerji kaynagi olarak kullanmamizin éniindeki en biiytk zorluklar bunlardir.
Clnkd standart kosullarda hidrojen gazi, havanin 14,4 kati kadar yer kaplar ve yanict bir gazdir. Diger yandan
hidrojenin tasinmas: da genis bir dagitim ag1 gerektirir. Hidrojen, boru hatlari, boru rémorklar: ve gaz halindeki
silindirlerin yani sira sivi haldeki kriyojenik(<-140*C) tanklarla da tasinabilir. Her durumda, hidrojen dagitim
maliyetinin siv1 hidrokarbon yakitlardan 15 kat daha pahali oldugu tahmin edilmektedir [1].

Bagslica depolama yontemlerine gegcmeden 6nce, bu konuda ne tir bir tasnif kullanildig: alttaki tablodan incelenebilir.
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Gorildigi tzere halihazirda uygulanan ve
arastiritlip gelistirilen teknolojiler ¢ ana kategori
altinda toplanmaktadir. Fiziksel metodun ayirt edici
yont, hidrojenin gaz ya da sivi halinde saklanmasi fark
etmeksizin icine hapsedildigi materyal ile herhangi
hicbir kimyasal etkilesime girmemesidir. Taginma ve
depolamada diinya c¢apinda kullanilan teknolojiler
giinimiizde yiiksek cogunlukla fiziksel yOntemler
lzerinedir. Daha uzun bir ar-ge gec¢misine sahip
olmas: ve diger metotlar kadar kompleks stirecler
icermemesi; bu metodun ticari olarak ¢ok daha yaygin
bir sekilde tercih edilmesinin nedenleri olarak
gosterilebilir. Bu noktadan yola c¢ikarak, bu sayida
fiziksel metotlarin cesitleri ayr1 bir baglik altinda daha
detayli incelenmistir.

Kimyasal yontemlere bakildiginda tizerine
calisilan konularin fazlasiyla cesitli oldugu gordlir.
Bunlar1 kendiliginden hidrojeni tekrar depolayabilen
(kat1 tabanhh depolama) ve dig etken yardimi ile
yeniden hidrojen kazanan araclar (kimyasal depolama)
olarak iki alt baslhikta toplayabiliriz. Malzeme bazh
hidrojen depolama olarak da adlandirilan bu
yontemler, hidrojenin depolama malzemeleri ile
etkilesimine dayanir. Bu etkilesimler, zayif (Van der
Waals kuvvetleri) veya gii¢li (yani, iyonik ve kovalent
baglar) olabilir. Etkilesimlerin  glici, hidrojen
depolama yonteminin sarj/desarj sicakligi ve basing
gibi ¢aligma kosullarini belirler. [2].

Teorik olarak hidrojen, belirli malzemeler icinde
sikistirilmig veya siwvilastirilmig hidrojen depolamaya
kiyasla hem agirlikga hem de hacimce ¢ok daha
verimli bir gekilde depolanabilir [3]. Fakat teoride
yakalanan basarili oranlarin anlam kazanmasi, bu
yontemin yaygin hale gelmesi icin gereken lojistik ve

altyapinin  saglanmasina baghdir. Son derece
kompleks stirecler barindirmasinin yaninda en yeni ve
pahali teknolojileri gerektirmesi bu depolama
metotlarinin giglikleri olarak dikkat cekmektedir.

Diger iki metodun eksikliklerini gidermeye yonelik
ugrasilarin alani olan hibrit metotta ise hem fiziksel
hem kimyasal yontemlerden bir arada yararlaniimaya
caligithir. Sikistirma, asir1 sogutma, siwvilagtirma ve
gozenekli materyaller yardimi ile hidrojen emilimine
dayali tiim teknikler bu metodun ilgi alanina girer.
Hibrit metodun daha etkili sonuglar vermesinin yolu
birden fazla teknigin tek bir depolama aygitinda bir
arada kullanilmasindan gecer. Olduk¢a yeni ve
aragtirma potansiyeli ¢ok genig bir alan olarak goze
carpmaktadir.

Svilastinlmis Hidrojen
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Kriyo-sikigtinimis Hidrojen
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FiZIKSEL DEPOLAMA YONTEMLERI

SIKISTIRILMIS HiDROJEN:

Standart basing ve sicaklikta kaynama noktasi -253 C olan hidrojeni gaz halinde sikigtirarak saklamak en
elverigli segenektir. Bu kisimda goz gezdirecegimiz tank tiplerinde hidrojenin oda sicakliginda tutulduguna
dikkat edelim. Tipik olarak kullanilan gaz depolama tanklar: 150-200 bar basinca sahiptir. Fakat bu 6zellige sahip
tanklar, agirlikca %1,5 hacimce 10-12 kg/m3 hidrojen barindirabilir. Bu rakamlar, hidrojenin diger enerji
hammaddeleriyle yarigabilmesi i¢in belirlenmis ABD Enerji Bakanliginin asagida verilen nihai hedefleri géz 6ntine
alindiginda tatmin edici olmaktan ¢ok uzaktadir. Daha yiiksek oranlara ulagsmak i¢in tank basincinin artirilmasi
gerekir. Fakat bu da beraberinde tank kabugunun kalinhiginin artirdig igin sistemin toplam kiitlesi ¢ok ytiksek
rakamlara ulasir ve tasidig1 hidrojenin hem agirlikga hem de hacimce sisteme gore orani diisiik degerlere iner. Bu
durum, tagimay1 ve depolamay1 daha zor bir hale getirdigi gibi artan tank kalinligryla birlikte tGretim maliyetini de
yukseltir.

Tablo 1. Hidroden depolama teknolojilerin gimnce] durum kar |5

Depolama Tirii Depolama Sekli ""'““'[m'_;'ﬁ i "’"'""’J;E'..“ hagtalts

Stkstirilnmig ( 350har) 2838 G- 18

Flzthsel Stkestirlnug (70bar 26 .44 19 - 25

v 48628 i

Kompleks hidrit 1.8-25 16 - 24

Kinmyasal Karbon(poror) 2.8-3.1 13- 15

Kimyasal hidric 26-3.43 A

Hibri Krivojenik Sikigtinlmisg 50-58 28 - 38
2020 5.2 L]
Hedet e = -
Mihai ) T

Tank kabugu agirligini indirmek icin istiin 6zellikleri olan karbon fiber ile giiclendirilmis kaplama teknolojileri
son yillarda kullanilmaya baglandi. Ornegin karbon elyaf kaplamal bir hidrojen tankinin basinci 350 bara ¢iktiginda
%5,5, 700 bara ciktiginda ise %5,2 degerlerine ulagmaktadir. 70 MPa sistemin ni¢in daha az gravimetrik hidrojen
yogunluguna sahip oldugunun cevabi ise az 6nce de belirttigimiz gibi kullanilan malzeme miktarinin artmasidir.
Ornegin 35 MPa bir tankta 18 mm kalinliginda karbon elyaf yeterli olurken 70 MPa’da bu oran 25.9 mm'ye ¢ikar.

35 MPa (agirlikca %5,5) sisteminin, 70 MPa sisteminden (%5,2 agirlik) daha yiiksek gravimetrik kapasiteye
sahip olduguna dikkat edilmelidir; ancak, 70 MPa sistem (26,3 kg/m3), 35 MPa sistemden (17,6 kg/m3) onemli
Olctide daha yiiksek hacimsel kapasiteye sahiptir [4].

Sikistirma iglemi sirasinda hidrojenin bir kismi harcanmaktadir. 700 barda hapsedilen hidrojenin %15'i bu
islem esnasinda kayip olur. Ayrica sistemin glvenli kalmasi icin belirli araliklarla sogutma sirecleri
uygulanmaktadir. Sikistirma sirasinda, sicaklik ve basinci giivenli seviyelerde tutmak ve mumkiin oldugu kadar
fazla hidrojen doldurmak i¢in hidrojen tankinin sogutulmasi gerekir.




Otomotiv endiistrisi, gaz depolamay: eksikliklerine
ragmen en pratik secenek olarak gérmektedir ve
bugiine kadar ticari olarak benimsenen tek
teknolojidir.
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SIVILASTIRILMIS HiDROJEN

Swvi formda hidrojen ¢ok daha yiiksek yogunluga
sahiptir ve bu nedenle hacimsel enerji yogunlugu
biytik olctide artar. Sivi hidrojenin yogunlugu, 20
Kelvin olan normal kaynama noktasinda yaklasik 71
g/L'dir; bu, 15 derecede 70 MPa'ya kadar
basinglandirilmis  hidrojen gazinin  yogunlugunun
yaklagik 1,8 katidir. Bunun yaninda sivi halde depolama
yonteminde de belirli sinirlamalar bulunmaktadir. Sivi
hidrojen ¢ok dustk sicakliklarda kaynamaya bagladigi
icin yogun bigimde kullanilan sogutma teknolojileri,
toplam eneriji iceriginin yaklastk %30'unu tiketir [5].
Is1 sizintisint azaltmak icinse iyi yalitim sistemleri ile
donatilmis 6zel tretim ¢ift cidarh kaplar gereklidir. Bu
nedenle, daha kompakt ve hafif kriyojenik basinch
kaplar, sikigtirilmig hidrojen tanklarina goére daha iyi
givenlik avantajlart saglar. Tim bunlarin sonucunda
ise swv1 haliyle hidrojen, sikistirilmis gaz haldeki
urinden 4-5 kat daha pahaliya mal olmaktadir [6].

Bununla birlikte, hidrojenin stirekli kaynamasi ve
swvilagtirma i¢in gereken cok fazla enerji, sivi hidrojen
depolama sistemlerinin potansiyel kullanimini ytiksek
enerji yogunlugu gerektiren uygulamalarla ve ayrica
hidrojen maliyetinin dnemli olmadig1 ve tiiketiminin
gorece kisa stirede oldugu, Ornegin hava, uzay ve
otomotiv uygulamalarini iceren alanlarla sinirlar [5].

KRiYOJENIK BASINCLI TANKLAR

Son gelismelerden biri olan kriyo-sikistiriimig
hidrojen depolama, yitksek basinclarda gaz halinde
sikistirma ile distk sicaklilarda sivilagtirmanin bir
kombinasyonudur.

Sikistirilmis  hidrojen depolamanin en Onemli
dezavantajlari, gereken biyitk hacimler ve yiksek
basinglardir. Sivi halde depolamanin gotirasi ise
kacinilmaz kaynama kayiplaridir. Kriyo-sikistirilmig
depolama, bu zorluklarin tstesinden gelmeye hizmet
eder. Buradaki ana amagc, hidrojeni depolamak igin
kullanilan yalitilmig kabin hem kriyojenik sicakliklara
hem de yiksek basinglara dayanabilmesidir. Bu,
sikistirllmis  hidrojen veya kriyojenik sivi hidrojene
gore hacimsel hidrojen depolama kapasitesini ve
givenligini artirir. Bu baglamda sivilastiriimig hidrojen,
20 Kelvin gibi asir1 distk bir sicaklikta sikistirilarak
hacimsel hidrojen depolama kapasitesi 1 bar'da 70
g/L'den 240 bar'da 87 g/L'ye c¢ikar [7]. Yiksek
basinclar: tutma kapasitesi olan yalitilmis kap tankin
icindeki siv1 hidrojenin buharlagsmasina engel olur. Bu
sayede depolama yogunlugu en st seviyelerde
kalmaya devam eder. Ayrica kaynama kaybi
distrildiginden  dretilip  saklanan  hidrojenin

tiiketime girene kadar olan dinlenme siiresi de uzamig
olur. Deniz yolu basta olmak tizere, hidrojenin uzun
mesafelerde enerji yogunlugu korunarak giivenli bir
bicimde taginmasi daha ekonomik hale gelecegi icin
kriyo sikistirma ydntemi, kritik 6nem tasiyan bir
arastirma sahasidir.




Ayni zamanda, sikistirilmig hidrojen depolamaya (700 bar) gore kriyo-sikistirilmig hidrojen depolamada (tipik
olarak <300 bar) kullanilan daha distik basinglar, daha maliyetli karbon fiber kompozitlere olan gereksinimi
azaltabilir. Yapilan teknik degerlendirmeler sonucunda bu secenegin ABDEB hedeflerini gerceklestirme
potansiyelinin oldugu ortaya konmustur [8]. 2012 yilinda, otomotiv treticisi BMW bir prototip kriyo sikistirilmig
hidrojen teknolojisi bildirmistir. Bununla birlikte, altyapinin kullanilabilirligi ve maliyeti, bu depolama yontemi icin
hala 6nemli engellerdir ve bu nedenle uygulanabilirligi sinirhdir.
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Sekilde kriyojenik depolama i¢in kullanilan ikinci nesil bir tank gortlmektedir. Bir vakum alani i¢ine alinmis ig
kap, karbon fiber kompozit ile sarilmig bir aliiminyum astardan olugur ve ¢evreden kaba 1s1 transferini sinirlamak
i¢in ytiksek oranda yansitici metalize plastik levhalar icerir. Dig tarafi ise paslanmaz ¢elik ceketten olugur [9].

SONUC

Yukarida daha ziyade hidrojenin saf haliyle depolanmasindan bahsedildi. Saf haliyle hidrojeni elde etme ugras: da
hala arastirmalara konu olan 6nemli bir alan. Bu kadar bol bulunan bir elementin ¢ok farkl sekillerde temin
edilme imkaninin olmasi olduk¢a anlasilir. Fakat ticari deger kazanip yayginlagmasini saglamanin yolu, onu daha
ekonomik ve verimli bir sekilde tretmekten gegciyor. Birbirinden ¢ok farkl ytizlerce yolun denendigi bu konuda,
yeni buluslar ve teknikler ortaya koymaya agiktir.

Depolama ve tagima zorluklari, hidrojenin enerji kaynagi ya da tastyicisi olarak degerlendirilmesinin ¢éntindeki en

biiytik engellerdir. Gorildiigi tizere her metodun digerine gore tstiinliikleri ve zayifliklar1 bulunmaktadir. Temel
bilimlere dair biitlin bildiklerimizi kullanarak sonug¢ almay1 denedigimiz bu konu, epeyce derin ve sebath bir
galismay1 mecbur kiliyor. Isin ucunda doga dostu bu enerji kaynaginin ihtiyaci karsilama ihtimalinin olmas: ise
insanlig1 bu konuda olabildigince gayret gostermeye tesvik etmeye yetiyor. Avrupa birligi basta olmak tizere iklim
degisikligi ve kiresel 1sinma konularinda farkindaligi artirma gayesi olan bir¢ok biyiikk olusum bu konuda
arastirmacilara bilimsel destek ve fon sagliyor. Bugin icin 6zel amaclarla kullanimi disinda diger enerji
kaynaklarmin yerini alabilecek seviyede degilse de ¢ok uzak olmayan bir gelecekte hidrojenin, sifir atikli bir yakit
olarak ginlik hayatta boy gosterecegi asikardir.
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HYDROGEN STORAGE METHODS

Hydrogen: the lightest element constituting 75% of the universe's mass.

With its simple atomic structure, it contains one proton in its nucleus and lacks a neutron. It is known that
nine out of ten atoms in the discovered universe are hydrogen. However, encountering hydrogen in its free state
(H2) on Earth is a low probability. The reason why we want to find this element on its own, frequently encountered
in the structure of vital compounds, including water and organic molecules, is almost as critical as it gets: to involve
it in energy cycles.

In the early 2000s, with the increasing awareness of environmental issues, research on hydrogen gained significant
momentum. The fact that hydrogen has more advantages as an energy carrier compared to all other raw materials is
now an undeniable reality. Besides being an abundant source, it has the highest energy capacity per mass quantity
and after use, only releases water or water vapor into the environment, making it superior. We are living in an era in
which the balance of ecology is at risk and climate crises have become a part of everyday life. In this regard,
scenarios for transitioning to clean energy have started to emerge before fossil fuels are depleted.

As of today, there are hundreds of methods to obtain pure hydrogen. Currently produced hydrogen is derived from
fossil fuel sources to a significant extent. However, the waste capacity of these production processes, although
relatively controllable and much lower compared to traditional uses of hydrocarbons as fuel, remains relatively
controlled. Storing the separated carbon atoms in empty natural gas reservoirs or ocean floors is among the main
alternatives that could mitigate the threat of harmful waste. In addition, hydrogen is a suitable instrument for
storing excess electricity obtained from renewable sources like wind and solar. When surplus electricity is directed
towards the electrolysis of water, pure hydrogen atoms are separated from the water. Later, converting hydrogen
back into energy through various desired methods becomes possible without the need for traditional batteries.

All these promising ideas for the future eventually lead us to the issue of storing and transporting hydrogen, which
we want to evaluate as an energy carrier. These are likely the greatest challenges in utilizing hydrogen as a more
widespread energy source. This is because, under standard conditions, hydrogen gas occupies about 14.4 times the
volume of air and is a combustible gas. On the other hand, transporting hydrogen also requires an extensive
distribution network. Hydrogen can be transported through pipelines, tube trailers, gas cylinders, as well as
cryogenic (<-140°C) tanks in its liquid state. In any case, it is estimated that hydrogen distribution costs are about 15
times more expensive than liquid hydrocarbon fuels [1].

Before delving into the main storage methods, the classification used in this regard can be examined from the table
below.
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As seen, the currently implemented and
researched technologies fall under three main
categories. The distinctive aspect of the physical
method is that hydrogen is encapsulated by a material
without undergoing any chemical interactions,
regardless of whether it is stored as a gas or a liquid.
The technologies used globally for transportation and
storage are predominantly based on physical
methods. Its longer R&D history and relatively less
complex processes can be cited as reasons for this
method's more widespread commercial preference.
Building on this point, the various types of physical
methods have been further detailed under a separate
heading.

When looking at chemical methods, it's apparent
that the subjects being studied are quite diverse. We
can classify these under two subheadings: systems
that can spontaneously re-store hydrogen (solid-
based storage) and systems that regain hydrogen
through external assistance (chemical storage). These
methods, also referred to as material-based hydrogen
storage, are based on the interaction of hydrogen
with storage materials. These interactions can be
weak (Van der Waals forces) or strong (i.e., ionic and
covalent bonds). The strength of these interactions
determines the working conditions of the hydrogen
storage method, such as charge/discharge
temperature and pressure. [2]

In theory, hydrogen can be stored much more
efficiently both by weight and volume within certain
materials compared to compressed or liquefied
hydrogen storage [3]. However, the realization of
successful rates captured in theory depends on the
provision of logistics and infrastructure required for
this method to become widespread. Besides being
highly complex and requiring the latest and most
expensive technologies, these storage methods are
noted for their challenges.

In the hybrid method, which aims to address the
shortcomings of the other two methods, efforts are
made simultaneously to utilize both physical and
chemical methods. All techniques based on hydrogen
absorption  using  compression,  overcooling,
liquefaction and porous materials fall under the
purview of this method. The effectiveness of the
hybrid method relies on the combination of multiple
techniques in a single storage device. It stands out as
a relatively new area with a broad research potential.
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PHYSICAL STORAGE METHODS
COMPRESSED HYDROGEN:

Storing hydrogen by compressing it in its gaseous state at standard pressure and temperature with a boiling
point of -253°C is the most favorable option. In this section, let's note that the hydrogen is maintained at room
temperature in the tank types that we will briefly overview. Typically used gas storage tanks have pressures of
150-200 bar. However, tanks with these specifications can only hold about 1.5% by weight and 10-12 kg/m3 by
volume of hydrogen. These figures are far from satisfactory when considering the ultimate goals set by the U.S.
Department of Energy for hydrogen to compete with other energy raw materials. To achieve higher ratios, an
increase in tank pressure is necessary. However, this also leads to an increase in the thickness of the tank shell,
resulting in a significantly higher total mass of the system and lower ratios of hydrogen carried by weight and
volume compared to the system. This situation not only makes transportation and storage more challenging but
also raises production costs due to the increased tank thickness.
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To reduce the weight of the tank shell, advanced coating technologies reinforced with carbon fiber, which
has superior properties, have been utilized in recent years. For example, in a hydrogen tank with a carbon fiber
coating, the gravimetric capacity reaches 5.5% at a pressure of 350 bar and 5.2% at 700 bar. The reason why the
70 MPa system has lower gravimetric hydrogen density, as mentioned earlier, is due to the increased amount of
material used. For instance, while an 18 mm thickness of carbon fiber is sufficient for a 35 MPa tank, this ratio
increases to 25.9 mm for a 70 MPa tank.

It's important to note that the 35 MPa system (5.5% by weight) has a higher gravimetric capacity than the 70
MPa system (5.2% by weight). However, the 70 MPa system (26.3 kg/m3) has a significantly higher volumetric
capacity than the 35 MPa system (17.6 kg /m3) [4].

During the compression process, a portion of hydrogen is consumed. About 15% of the hydrogen stored at 700
bar is lost during this process. Additionally, cooling processes are applied at specific intervals to ensure the

system's safety. During compression, the hydrogen tank needs to be cooled to maintain temperature and
pressure at safe levels and to fill as much hydrogen as possible.

ﬂ e: Hidrogeno
® o 9




The automotive industry considers gas storage,
despite its limitations, as the most practical
option and it has been the only technology
adopted commercially to date.
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LIQUIFIED HYDROGEN

Liquid hydrogen has a much higher density,
resulting in a significantly increased volumetric
energy density. The density of liquid hydrogen is
about 71 g/L at its normal boiling point of 20 K, which
is approximately 1.8 times higher than the density of
hydrogen gas compressed to 70 MPa at 15. However,
there are certain limitations in the method of storing
hydrogen in liquid form as well.

Because liquid hydrogen begins to boil at very low
temperatures, heavily used cooling technologies
consume about 30% of the total energy content [5].
To reduce heat leakage, specialized double-walled
containers with good insulation systems are required.
As a result, compact and lightweight cryogenic
pressurized tanks offer better safety advantages
compared to compressed hydrogen  tanks.
Consequently, liquid hydrogen ends up costing about
4-5 times more than its compressed gas counterpart

[6].

However, the continuous boiling of hydrogen and
the substantial energy required for liquefaction limit
the potential use of liquid hydrogen storage systems
to applications that require high energy density and
where hydrogen cost is not a significant factor, such

as areas involving high-energy-demanding
applications like air, space and automotive
applications, where hydrogen consumption is

relatively rapid [5].

CRYOCOMPRESSED TANKS

One of the recent developments is cryo-
compressed hydrogen storage, which is a combination
of compressing hydrogen gas at high pressures and
liquefying it at low temperatures.

The major drawbacks of compressed hydrogen
storage are the required large volumes and high
pressures. The drawback of liquid storage is the
inevitable boiling losses. Cryo-compressed storage
serves to overcome these challenges. The main
objective here is to create an insulated container for
hydrogen storage that can withstand both cryogenic
temperatures and high pressures. This enhances both
the volumetric hydrogen storage capacity and the
safety compared to compressed hydrogen or
cryogenic liquid hydrogen storage. In this context,
liquid hydrogen is compressed at extremely low
temperatures, such as 20 K, increasing the volumetric
hydrogen storage capacity from 70 g/L at 1 bar to 87
g/L at 240 bars [7]. The insulated tank with the
capacity to hold high pressures prevents the liquid
hydrogen inside from vaporizing, thus maintaining
storage density at its highest levels. Additionally, by
reducing boiling losses, the resting period for the
produced and stored hydrogen until consumption can
be extended. The cryo-compression method is a
critically important research area, especially for
transporting hydrogen safely over long distances
while maintaining energy density, primarily in
maritime transportation.




Furthermore, the lower pressures used in cryo-compressed hydrogen storage (typically <300 bar) compared
to compressed hydrogen storage (700 bar) could reduce the need for more expensive carbon fiber composites.
Technical evaluations have shown the potential of this option to achieve ADEB (European Directive on the
Deployment of Alternative Fuels Infrastructure) goals [8]. In 2012, the automotive manufacturer BMW reported a
prototype cryo-compressed hydrogen technology. However, the availability and cost of infrastructure remain
significant obstacles for this storage method, limiting its applicability.
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The figure shows a second generation tank used for cryogenic storage. Enclosed in a vacuum chamber, the
inner vessel consists of an aluminum liner wrapped with carbon fiber composite and contains highly reflective
metallized plastic sheets to limit heat transfer from the environment to the vessel. The outer side consists of a
stainless steel jacket [9].

CONCLUSION

The above mainly discussed the storage of hydrogen in its pure form. The effort to obtain hydrogen in its
pure form is still a significant area of research. It is quite understandable that an element so abundantly available
can be sourced in various different ways. However, the path to achieving its commercial value and widespread
use lies in producing it more economically and efficiently. In this regard, there have been numerous diverse
methods tried, leaving room for new discoveries and techniques.

Storage and transportation challenges pose the greatest obstacles to evaluating hydrogen as an energy
source or carrier. As seen, each method has its own advantages and weaknesses compared to others. The topic,
where we strive to achieve results by utilizing all we know from fundamental sciences, requires deep and
persistent research. The possibility of meeting the needs of this eco-friendly energy source serves as ample
motivation for humanity to put forth maximum effort. Many major organizations, particularly the European
Union, which aims to raise awareness about climate change and global warming, provide scientific support and
funding for researchers in this field. Although it is not currently at a level to replace other energy sources except
for specific purposes, it is evident that hydrogen will play a role as a zero-emission fuel in everyday life in the
not-so-distant future.
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. BEYAZA

BOYA

iklim krizi kapimizi caliyor! Bizler bu giinlerde o
kapinin sesini daha siddetli duymaya basladik. Diinya
genelinde sicakliklar yikseliyor ve bu sicaklar
ylizinden insanlar hayatini kaybetmeye devam
ediyor. Bilim insanlar1 Diinya'yr sogutabilmek igin
giines 151811 yansitacak gesitli kaplamalar ve filmler
tasarlamaya caligtyor. Arastirmalar devam ederken bu
asirt sicaklart azaltmak igin ortaya atilan Onerilerden
biri de Diinya'nin yizde ikisini beyaza boyamak.

Nedir bu beyaza boyama meselesi? Normal bir
beyaz boya giines 15181n1n yaklagitk %80-90'mn1 yansitir.
Amerika Birlesik Devletleri Purdue Universitesinden
Profesor Xiulin ve ekibi beyaz boyay: giines 1s18mnin
%95.5'ini geri yansitacak sekilde gelistirdi. Daha sonra
ayni ekibin bu orani %98.1" e kadar ¢ikararak diinyanin
en beyaz boyasini yapmay basardigi belirtildi. [1]

Yiizeye gelen 1sik 1s1 yaydigindan ortamdaki
sicakligi artiriyor. Bu boyanin 15181 bu denli yansitma
ozelligi sayesinde kaplandig: alanlarda sicakhigr 7.8
derece kadar dustrdigi sOyleniyor. [2] Peki bu
sekilde kiresel 1sinmay1 durdurabilir miyiz?

Kiresel 1sinma, sera gazlarinin atmosferde
birikmesi ve sera etkisi nedeniyle Diinya'nin ylizeyinin
1Isinmasl  sonucu ortaya ¢itkan bir fenomendir.
Dolayistyla Diinya'y1 beyaza boyamak kiiresel 1sinmay1
durduramaz. Kaliforniya Universitesinden Profesor
Jeremy Munday yaptigt hesaplamalar sonucu
Dinyanin ylzde ikisi beyaza boyanirsa kiresel
sicakliklarin  yiikselisinin  duracagini ifade etti.
Munday, bunun uzun vadeli bir ¢6ziim olmadigini ve
“Her seyi kontrol altina almaya calisirken daha koti
sorunlar1 6nlemek icin yapabileceginiz kisa siireli bir
sey.” oldugunu soyledi. [3],[4]
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Diinya'nin yiizde ikisini beyaza boyama yontemi
ciddi ekolojik ve bilimsel sorunlara da yol agabilir. ilk
olarak bu beyaz boyanin icinde baryum stlfat
bulunuyor. [3] Baryum silfat ilavesi karbon ayak
izinin artmasina neden oluyor. Bu nedenle boya
kullanima ¢ikmadan 6nce baryum siilfat sorununun
¢ozlilmesi gerekiyor.

ikinci biiyiik sorun olarak da ekosistemlere olan

etkisi sayilabilir. Boyanin bitki ortiisti, hayvanlar ve
organizmalar tizerinde olumsuz etki yaratabilecegi
hatta biyolojik c¢esitliligi tehlikeye atabilecegi
distniliyor. [3]

Ayrica bu buytklikte bir yiizeyi boyama iglemi igin
cok buyitkk miktarlarda kaynak, enerji ve maliyet
gerekecektir. Buradan da bu yontemin ekonomik
olarak surdiirtlebilir olmadigi kanisina varabiliriz.

Kiresel 1sinmanin etkileriyle micadele etmek igin

oncelikle sera gazi emisyonlarini azaltmamiz,
ormanlarimizi korumamiz ve fosil yakitlar yerine
yenilenebilir  enerji  kaynaklarmin  kullanimini
artirmamiz gerekiyor. Hem diinyamizi korumak hem
de gelecek nesiller igin stirdtrdlebilir bir diinya
saglayabilmek icin bilimsel ve toplumsal is birligi
onemli. Bu miicadelede herkese gorev distiyor.
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. PAINT IT
WHITE

The climate crisis is knocking on our door! These
days, we are starting to hear the sound of that door
more intensely. Global temperatures are rising and
due to these temperatures, people continue to lose
their lives. Scientists are working on designing
various coatings and films that will reflect sunlight in
order to cool down the Earth. While the research is
going on, one of the suggestions to reduce these
extreme temperatures is to paint two percent of the
Earth's surface white.

What's the deal with white paint? Typical white
paint reflects about 80-90% of sunlight. Professor
Xiulin and his team from Purdue University in the
United States developed white paint that reflects
95.5% of sunlight. Later, the same team managed to
increase this rate to 98.1%, creating the world's
whitest paint. [1]

Since the light that reaches the surface emits heat,
it increases the ambient temperature. It is said that
due to the highly reflective nature of this paint, it can
lower temperatures by up to 7.8 degrees in the areas
it covers. [2] Can we stop global warming this way?

Global warming is a phenomenon that occurs as
a result of the accumulation of greenhouse gases in
the atmosphere and the warming of the Earth's
surface due to the greenhouse effect. Therefore,
painting the Earth white cannot stop global warming.
Professor Jeremy Munday from the University of
California stated, after making calculations, that if
two percent of the Earth is painted white, the rise in
global temperatures would stop. Munday also said
that this is not a long-term solution and that it is a
"short-term thing you can do to prevent worse
problems while trying to control everything." [3], [4]

IREM COSKUN

ANKARA UNIVERSITY

Painting two percent of the Earth's surface white
can also lead to serious ecological and scientific
problems. Firstly, this white paint contains barium
sulfate. [3] The addition of barium sulfate increases
the carbon footprint. Therefore, the barium sulfate
issue needs to be resolved before the paint is put to
use.

Secondly, its impact on ecosystems can be
considered a major problem. It is believed that the
paint could have a negative impact on vegetation,
animals and organisms and could even endanger
biological diversity. [3]

Additionally, painting such a large surface would
require significant amounts of resources, energy and
cost. Hence, we can conclude that this method is not
economically sustainable.

In order to combat the effects of global warming,
we need to first reduce greenhouse gas emissions,
protect our forests and increase the use of
renewable energy sources instead of fossil fuels.
Scientific and societal collaboration is important to
both protect our planet and provide a sustainable
world for future generations. Everyone has a role to
play in this fight.
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Biyogaz, bitkisel ve hayvansal triinler gibi organik
maddelerin oksijensiz ortamda bakteriler tarafindan
anaerobik sindirim yoluyla parcalanmasiyla olusturulur.
Bu siire¢, organik maddelerin parcalanarak enerji
acisindan zengin gazlari, sivi ve kati seklinde faydal
toprak trinlerini iceren biyogazin tretilmesini igerir.
Anaerobik sindirim, ¢oplikler ve belirli hayvan giibresi
yonetim sistemleri gibi c¢esitli ortamlarda dogal olarak
meydana gelirken anaerobik curitici kullanilarak
gelistirilebilir, diizenlenebilir ve sinirlandirilabilir.

Biyogaz c¢ogunlukla dogal gazin ana bileseni olan
metandan (CH4) olusur. igindeki metan orani %50-75
arasinda degisir. Ek olarak karbondioksit (CO2), hidrojen
silftr (H2S), su buhar1 ve eser miktarda diger cesitli
gazlar1 da icerir. Biyogazin icerigi, dogal gaza benzer
diger kullanimlarin yani sira, 1s1 saglamak, elektrik
uretmek ve sogutma sistemlerini caligtirma gibi ¢ok
yonli uygulamalara da olanak tanir. [1]

Ayrica biyogaz, inert veya daha az degerli
bilesenlerin (CO2, su, H2S vb.) cikarilmasiyla
yenilenebilir dogal gaz (RNG) elde edilerek aritilabilir. Bu
RNG; mevcut dogal gaz dagitim agma satilabilir ve
enjekte edilebilir, ara¢ yakiti olarak kullanilmak tizere
sikigtirilabilir veya alternatif tagimacilik yakitlari, enerji
urtnleri, ileri biyokimyasallar ve biyo-tirtinler
olusturmak i¢in daha fazla iglenebilir. Kombine 1s1 ve gii¢
(KIG) islemleri icin kullamldiginda biyogaz ¢ift amaclh
hizmet verir. Alternatif olarak yanma motorlari, yakit
pilleri veya gaz tirbinlerinin uygulanmasiyla elektrige
dontstirdlebilir  ve  dretilen  elektrik  yerinde
kullanilabilir.

Sekil 1: Akis Semasinda Biyogaz Uretimi
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Baz1 organik atiklar bir sindiricide digerlerinden daha
zor pargalanir. Gida atiklar1 ve yaglar en kolay
parcalanabilen organik atiklar iken hayvan atiklar
genellikle en zor olanlardir. Ayni sindiricide birden fazla
atigin karistirilmast ko-sindirim olarak adlandirilir ve
biyogaz verimini artirmaya yardimc1 olabilir.

BIYOGAZIN YARARLARI

Depolanmig biyogaz, kémiir veya dogal gazin yerine
gecen givenilir, yenilenebilir ve gevre dostu bir se¢cenek
sunar. Dogal gaz gibi biyogaz da ihtiya¢ duyuldugunda
hizli bir sekilde artirilarak zirve gicli saglamak igin
kullanilabilir. Saklanmig biyogazin kullanimi atmosfere
salinan metan emisyonlarini en aza indirmeye yardimci
olur ve fosil yakitlara olan bagimlilifi azaltir. Ayrica,
biyogazdan ftretilen sikistirilmig dogal gaz, petrol
benzinine kiyasla %91 daha az sera gazi emisyonuna
neden olur. [3] iklim ftizerindeki olumlu etkisinin
Otesinde anaerobik sindirim atik giderme maliyetlerini
distrebilir ve yerel ekonomilere katkida bulunabilir.

Ornek olarak New York City, 14 milyon ton atif
yakma firinlarina ve depolama alanlarina tagimak icin
her yil yaklagik 400 milyon dolar harciyor. Bu atigin
anaerobik c¢liritmeye yoénlendirilmesi, bir maliyeti
firsata cevirerek enerji tiretimini ve yan trtinlerden gelir
elde edilmesini saglayacaktir.

Biyometan olarak da bilinen yenilenebilir dogal gaz
(YDG), karbondioksit, su buhart ve diger eser gazlar
dogal gaz endistrisi tarafindan belirlenen standartlarla
uyumlu hale getirmek icin saflastirilan biyogazdir.

Bu rafine edilmig YDG, boru hatlar1 da dahil olmak
izere mevcut dogal gaz sebekesine sorunsuz bir sekilde
entegre edilebilir ve geleneksel dogal gazla birbirinin
yerine kullanilabilir.

Biyogaz anaerobik clrttme islemiyle tretilir ve cesitli
sekillerde  kullanilabilen yenilenebilir ~bir  enerji
kaynagidir:

o Gii¢ motorlarinda mekanik giig, 1s1 ve/veya elektrik
uretilmesi (kombine 1s1 ve gii¢ sistemleri dahil)

o Yakit kazanlari ve firinlari, 1sitma sindiricileri

o Alternatif yakith araclarin ¢aligtirilmasi

o Evlere ve is yerlerine dogal gaz boru hatti yoluyla
tedarik edilmesi

Biyogazin kullanimi ve verimliligi kalitesine baghdir.
Biyogaz enerji igerigini artiran karbondioksit, su buhari
ve diger eser safsizliklar1 ortadan kaldirmak igin
genellikle saflagtirilir.

Diuisiik kaliteli biyogaz tipik olarak icten yanmali
motorlar gibi saglam, daha az verimli motorlarda
kullanihir. Ote yandan kirletici madde icermeyen yiiksek
kaliteli biyogaz daha verimli ancak daha hassas
motorlarda kullanilir.




Boru hatt1 kalite standartlarini karsilayan biyogaz,
dogal gaz boru hatt1 yoluyla dagitilabilir. Konut ve ticari
ortamlarda kullanilabilir. Ek olarak biyogaz, her ikisi de
otomobiller ve kamyonlar i¢in yakit olarak kullanilabilen
sikistirilmis dogal gaz (CNG) veya sivilastirilmis dogal gaz
(LNG) tretmek icin daha fazla temizleme ve yiikseltme
isleminden gegebilir.

Anaerobik Sindirim Nasil Calisir ve AD Siirecinde Neler
Yapilir?

Biyogaz, mikroorganizmalarin organik maddeleri
hava veya oksijen olmayan bir ortamda parcaladig:
anaerobik sindirim yoluyla tretilir. Ortaya cikan biyogaz,
eser miktarda su buhar1 ve diger gazlarla birlikte
cogunlukla metan (CH4) ve karbondioksitten (COZ2)
olusur. Karbondioksit ve diger gazlarin
uzaklastirilmasiyla biyogaz saflastirilabilir ve geriye
sadece dogal gazin ana bileseni olan metan kalir.
Anaerobik sindirim; reaktor olarak bilinen, cesitli sekil ve
boyutlarda gelen, tesis ve besleme stoku kosullarina gore
ayarlanmig kapali bir kap icinde gerceklesir. Bu
reaktorler atig1 parcalayan (veya sindiren), biyogaz ve
sindiriciden bosaltilan sindirici tirtint (AD isleminin kati
ve sivl malzeme son Urtnleri) Gireten karmasik mikrobiyal
topluluklar icerir. [6]

Anaerobik sindirimden sonra kalan malzeme
“cliritilmiis madde” olarak bilinir. Orijinal organik
materyalden geri dontstirilmis tim besinleri iceren
besin agisindan zengin kati veya sivi bir maddedir. Bu
besinler bitkiler ve toprak zenginlestirme i¢in daha kolay
erigilebilir bir formdadir ve bu da c¢iritilmis trini
ekinler i¢in miikemmel bir giibre haline getirir.

Birlikte sindirim birden fazla organik materyali tek
bir ciriticide birlestirme uygulamasidir. Bu uygulama
digerlerinin yani sira giibre, gida atig1 (isleme, dagitim ve
tliketici tarafindan iretilen atik dahil), enerji mahsulleri,
mahsul atiklari, yaglar, sivi yaglar ve gres (FOG) gibi
malzemeleri icerir. Diisik verimli ve sindirilmesi zor
organik atik kaynaklar1 biyogaz tiretimini artirabilecegi
icin birlikte yakma avantajlidir.

Asagidaki malzemeler genellikle organik olarak
siniflandirilir ve bir sindiricide islenebilir:

o Hayvan giibreleri

o Gida atiklari

o Kati ve siv1 yaglar

o Gresler

» Endtstriyel organik atiklar

e Aritma camuru (biyo-kat: maddeler)

Spesifik hammaddeden (gida atig1, hayvan giibresi
veya atik su camuru) bagimsiz olarak tiim anaerobik
ciriitme sistemleri aym: temel ilkeleri takip eder.
Sistemler arasinda tasarimda farkliliklar olsa da temel
stre¢ degismeden kalir.[7]

Sekil 2: Anaerobik Curitict

Anaerobik Sindirim Asamalar:

Anaerobik sindirim siireci dort asamada gerceklesir:
hidroliz, asidojenez, asetojenez ve metanojenez. Bu
agsamalar dort iglemin her birini gerceklestirebilen gesitli
mikroorganizmalar arasindaki etkilesimlere dayanir. Tek
kademeli kesikli reaktorlerde tiim atiklar ayni anda verilir
ve dort asamanin da ayni reaktdr iginde sirali olarak
gerceklesmesi saglanir.
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Sekil 4: Anaerobik Sindirimdeki Yollarin Basitlestirilmis Semasi




hidroliz yontemini kullanir. Hidrolitik bakterilerden elde edilen enzimler karbonhidratlari,
lipitleri ve proteinleri sekerlere, uzun zincirli yag asitlerine ve amino asitlere donustirir. Atik
6n aritma yoluyla hidrolizi hizlandirmak icin ¢aba sarf edilmektedir. Optimal kosullar 30-50°C
ve pH 5-7dir.

1 Anaerobik ciiriitiiciiler, karmagik organik polimerleri daha kig¢iik bilesenlere ayirmak igin

Asit olusumu: Asidik mikroorganizmalar hidroliz triinlerini emerek asetat, propiyonat ve

2 biitirat gibi ugucu yag asitlerini (VFA'lar) olusturur. Asidojenez diger asamalardan daha hizlidir
ve yenilenmesi 36 saatten az sirer. Cok fazla VFA asitlemesi ¢iirtitiictiniin bozulmasina neden
olabilir.

Asetojenez: Asetojenez bazi substratlar1 asetata dontstiirirken daha ylksek VFAlar daha fazla
3 dontstim gerektirir. Hidrojen tretilir ancak kontrol edilmesi gerekir. Lipitler ayr1 bir yoldan
asetata dontstirilir. Yalnizca ¢ift karbonlu LCFA'lar asetata dontsur.

4 Metanojenez: Metanojenez mikroorganizmalarin ara maddelerden metan trettigi son agamadir.
Metanojenler oksijene duyarldir ve belirli substratlarla sinirlidir. Asetoklastik ve hidrojenotrofik
metanojenez ana yollardir. Kesikli reaktorlerde metan olusumu yaklasik 40 giin stirer.
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Biogas is generated through the anaerobic digestion
of organic materials such as plant and animal products
by bacteria in an environment without oxygen. This
process involves breaking down the organic matter to
produce biogas, which consists of energy-rich gases,
along with beneficial soil products in the form of liquids
and solids. While anaerobic digestion naturally occurs in
various settings like landfills and certain livestock
manure management systems, it can be enhanced,
regulated and confined through the use of an anaerobic
digester.

Biogas is predominantly composed of methane
(CH4), which is the primary constituent of natural gas,
comprising a significant proportion (ranging from 50 to
75 percent). Additionally, it contains carbon dioxide
(CO2), hydrogen sulfide (H2S), water vapor and trace
quantities of various other gases. The energy content of
biogas allows for versatile applications such as providing
heat, generating electricity and powering cooling
systems, among other uses akin to natural gas. [1]

Moreover, biogas can be refined by eliminating
inert or less valuable components (CO2, water, H2S,
etc.), resulting in renewable natural gas (RNG). This RNG
can be sold and injected into the existing natural gas
distribution network, compressed for use as a vehicle
fuel or further processed to create alternative
transportation fuels, energy products and advanced
biochemicals and bioproducts. When utilized for
combined heat and power (CHP) operations, biogas
serves dual purposes. Alternatively, it can be converted
into electricity through the application of combustion
engines, fuel cells or gas turbines with the generated
electricity employed on-site.

Figure 1: Biogas Production Flowchart
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Some organic wastes are more difficult to break
down in a digester than others. Food waste, fats, oils
and greases are the easiest organic wastes to break
down while livestock waste tends to be the most
difficult. Mixing multiple wastes in the same digester,
referred to as co-digestion, can help increase biogas
yields. [2]

THE BENEFITS OF BIOGAS

Stored biogas offers a reliable, renewable and
environmentally friendly option for baseload power,
serving as a substitute for coal or natural gas. Just like
natural gas, biogas can be swiftly scaled up to provide
peak power when needed. The utilization of stored
biogas helps to minimize methane emissions released
into the atmosphere and decreases reliance on fossil
fuels. Furthermore, compressed natural gas produced
from biogas leads to a remarkable 91 percent reduction
in greenhouse gas emissions compared to petroleum
gasoline. [3] Beyond its positive impact on the climate,
anaerobic digestion can lower waste remediation costs
and contribute to local economies.

As an example, New York City spends roughly $400
million each year to transport 14 million tons of waste to
incinerators and landfills. Diverting that waste to
anaerobic digestion would turn a cost into an
opportunity, generating revenue from energy
production and co-products.[4]

Renewable natural gas (RNG), also known as
biomethane, is biogas that has undergone purification to
eliminate carbon dioxide, water vapor, and other trace
gases, aligning it with the standards set by the natural
gas industry. This refined RNG can be seamlessly
integrated into the current natural gas grid, including
pipelines and can be wused interchangeably with
traditional natural gas.

Biogas is produced throughout the anaerobic
digestion process. Biogas is a renewable energy source
that can be used in a variety of ways:

o Power engines produce mechanical power, heat
and/or electricity (including combined heat and
power systems).

o Fuel boilers and furnaces, heating digesters and
other spaces.

o Run alternative-fuel vehicles.

e Supply homes and businesses through the natural
gas pipelines.

The utilization and efficiency of biogas depend on
its quality. Biogas is commonly purified to eliminate
carbon dioxide, water vapor and other trace impurities,
which enhances its energy content.

Lower-quality biogas is typically employed in
rugged, less efficient engines like internal combustion
engines. On the other hand, higher-quality biogas, free
of trace contaminants, can be used in more efficient yet
more delicate engines.




Biogas that meets pipeline quality standards can be
distributed through the natural gas pipeline and used in
residential and commercial settings. Additionally, biogas
can undergo further cleaning and upgrading to produce
compressed natural gas (CNG) or liquefied natural gas
(LNG), both of which can be utilized as fuels for cars and
trucks. [5]

How Does Anaerobic Digestion Work and What is Made
During the AD Process?

Biogas is produced through anaerobic digestion in
which microorganisms break down organic materials in
an environment without air or oxygen. The resulting
biogas primarily consists of methane (CH4) and carbon
dioxide (CO2), with trace amounts of water vapor and
other gases. By removing carbon dioxide and other
gases, the biogas can be purified, leaving only methane
which is the main component of natural gas. Anaerobic
digestion occurs within a sealed vessel known as a
reactor which is tailored to the site and feedstock
conditions, coming in various shapes and sizes. These
reactors contain complex microbial communities that
break down (or digest) the waste and produce resultant
biogas and digestate (the solid and liquid material end-
products of the AD process) which is discharged from
the digester. [6]

The material remaining after anaerobic digestion
is known as "digestate". It is a nutrient-rich solid or
liquid substance that contains all the recycled nutrients
from the original organic material. These nutrients are in
a more easily accessible form for plants and soil
enrichment, making digestate an excellent fertilizer for
crops.

Co-digestion is the practice of combining multiple
organic materials in a single digester. This includes
materials such as manure, food waste (including
processing, distribution and consumer-generated
waste), energy crops, crop residues, fats, oils and greases
(FOG), among others. Co-digestion proves advantageous
as it can enhance biogas production from low-yielding
or challenging-to-digest organic waste sources.

The following materials are commonly categorized as
"organic” and can undergo processing in a digester:

o Animal manures

o Food scraps

o Fats, oils and greases
 Industrial organic residuals
o Sewage sludge (biosolids)

Regardless of the specific feedstock, all anaerobic
digestion systems follow the same fundamental
principles. Whether it's food waste, animal manure or
wastewater sludge, the process adheres to these
principles. While there may be variations in design
among systems, the underlying process remains
essentially unchanged. [7]

Figure 2: Anaerobic Digester

Stages of Anaerobic Digestion

The process of anaerobic digestion takes place through
four stages: hydrolysis, acidogenesis, acetogenesis and
methanogenesis. These stages rely on the interactions
between diverse microorganisms capable of performing
each of the four processes. In single-stage batch
reactors, all wastes are introduced simultaneously,
enabling all four stages to take place sequentially within
the same reactor.
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Figure 4: The Simplified Scheme of Pathways in Anaerobic
Digestion




Hydrolysis: Anaerobic digesters use hydrolysis to break down complex organic polymers into
1 smaller components. Enzymes from hydrolytic bacteria convert carbohydrates, lipids and

proteins into sugars, long-chain fatty acids and amino acids. Efforts are made to expedite
hydrolysis through waste pretreatment. Optimal conditions are 30-50°C and pH 5-7.

Acidogenesis: Acidic microorganisms absorb hydrolysis products, creating volatile fatty acids
2 (VFAs) like acetates, propionate and butyrate. Acidogenesis is faster than other stages and takes
less than 36 hours to regenerate. Too much VFA acidification can lead to digester failure.

Acetogenesis: Acetogenesis converts some substrate into acetate, while higher VFAs require
3 further conversion. Hydrogen is produced but needs to be controlled. Lipids are converted to
acetate through a separate pathway. Only even-carbon LCFAs degrade to acetate.

Methanogenesis: Methanogenesis is the final stage in which microorganisms produce methane

from intermediates. Methanogens are sensitive to oxygen and limited to specific substrates.
4 Acetolactic and hydrogenotrophic methanogenesis are the main pathways. Methanogenesis
takes about 40 days in batch reactors. [8]
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NiLAY DENiZ CAMKESE - ANKARA UNIVERSITESI 3.SINIF OGRENCIiSIi

HAVA KIRLILIGI VE SCR SISTEMLERI

Hava kirliligi, son zamanlarda sonuclarini kiiresel 1sinma iizerinden gostermekle birlikte 6nlemi alinmadigi
takdirde daha ciddi sorunlara yol acacak gibi duruyor. Bu sicak yaz giinlerinde hava kirliliginin sonuclarim
tecritbe etmekteyken bu yazimda hava kirliliginin sebeplerinden sadece biri olan NOx emisyonunun ana
kaynag arag egzozlarindan ve bunun en yaygin ¢oziimii SCR sistemlerinden bahsetmek istiyorum.

NOx ‘in en zararli hava kirleticilerinden (6rnek: NO, NO2) ve COVID-19 olimlerine en ¢ok katkida
bulunanlardan biri oldugu, diinya capinda pek c¢ok cevre ve saglik sorununa yol actigr bilinmektedir. Secici
Katalitik indirgeme Sistemi (SCR) ara¢ egzozundan NOx'i ortadan kaldirmak icin NH3 ‘i indirgeyici olarak
kullanan en yaygin ¢éztimlerden biridir.

SCR sistemlerindeki bir diger bilesik, amonyak emme konusundaki biiyiik kapasitesi ve amonyag: serbest
birakmak i¢in minimum enerji harcamasi nedeniyle stronsiyum klorirdir. (SrC12). Amonyak (NH3) tastyicisi olarak
yaygin bir sekilde kullanilmaktadir. Ancak SrCl2'den Sr(NH3)8CI2'ye ve tekrar SrCl2'ye olan absorpsiyon-
desorpsiyon dongiileri sirasinda meydana gelen biiyiik hacimli salinim nedeniyle amonyak depolama uygulamalari
icin SrClI2'yi organize etmek zordur. Ayrica Sr(NH3)8ClI2'nin toz halinde uygulanmasi alanin verimsiz kullanimina,
basing diisiisiine, zayif emme ve salma kinetigine, kontrol edilemeyen performansa ve aracglarda patlama riskine
neden olabilir. Bu nedenle indirgenmis grafen oksit (rGO) aglar: tarafindan desteklenen ve agirlikca %96'ya kadar
SrCl2 ile yiiklenen goézenekli bir SrCl2 yapisi tercih edilmektedir. Yapilandirilimig SrCl2 topaklari, NH3
absorpsiyonunun ilk dongiistinden hemen sonra pargalanir ancak agirlik¢ca %80 SrCI2 yiiklemeli optimize edilmis
gozenekli SrCI2-rGO kompoziti, amonyak absorpsiyon-desorpsiyon doéngtleri sirasinda dagilmadan hacim
salinimina uyum saglayan makro ve mikro yapryr korur. Saf SrCl2 topakla karsilagtirildiginda yapilandirilmig
gozenekli agirligt %80 SrCl2-rGO olan kompozit, emme ve desorpsiyonda sirasiyla %140 ve %540 daha hizli olan
absorpsiyon-desorpsiyon kinetigi sergiler. rGO aglarinin artan yiizey alani ve gdzeneklerine SrCI2 partikillerinin
dahil edilmesi, hizli amonyak emme-birakma kinetigi olan ve kendi kendini ayarlayan "nefes alma" sayesinde
hacim salinimini azaltan gii¢lii ve kararl bir yapi tretir. Bu da araglardaki patlama riskini ciddi oranda azaltir. Bu
islemleri adim adim 6zetlemek gerekirse:

1) Amonyak tastyici olarak SrCI2-rGO kompozitleri olan gézenekli bir yap1 tasarlamak:

a) Ultrasonik karigtirma, dondurarak kurutma ve termal tavlama iglemi yoluyla rGO aglarinin tiretim siireci

b) Ultrasonik karigtirma, dondurarak kurutma ve termal tavlama iglemi yoluyla gozenekli SrCl2-rGO
kompozitlerinin {iretim stireci

¢) rGO aglarmnin SEM goriintileri

d) Gozenekli SrCI2 yapisinin SEM gorintileri

e) Cesitli sekillerdeki kaliplarla gézenekli SrCI2-rGO kompozit numuneleri, farkli SrCI2 yiklemelerinde farkli
geometriler icin uygundur. [1]
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2-) PS80 emme ve salma icin optimize edilmis, hacim genislemesini ve hizli amonyak emme-salma kinetigini
barindiran saglam bir yapt sunar. SP100'e kiyasla daha kisa difiizyon uzunlugu vardir. Amonyak emilim ve
desorpsiyonunda daha hizli olan bu iyilestirmeler hem yap: hem de kinetik agisindan AEMH'lerin amonyak
tastyicilart olarak uzun stiredir devam eden sorunlarini ¢ozer.

Sekil 2

SCR sistemleri hava kirliligi icin en etkili ¢6ziimlerden sadece biridir. Hava kirliligini 6énlemek icin ara¢ sayisini
azaltip toplu tasimalar: kullanmak gibi basit yollar: da secebiliriz. Daha temiz giinlerde goériisebilmek dilegiyle.
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AIR POLLUTION AND SCR SYSTEMS

Air pollution, although its effects are increasingly demonstrated through global warming, seems likely to
cause more serious problems if not addressed. Experiencing the consequences of air pollution during these
hot summer days, in this article, I would like to discuss one of the main sources of air pollution, NOx
emissions, which originate mainly from vehicle exhausts and the most common solution for this, SCR systems.

NOx, which includes harmful air pollutants (e.g., NO, NO2), and is one of the major contributors to COVID-19
deaths, is known to cause numerous environmental and health issues worldwide. Selective Catalytic Reduction
(SCR) systems are one of the most common solutions that use NH3 as a reducing agent to eliminate NOx from
vehicle exhausts.

Another compound in SCR systems is strontium chloride (SrCl2), due to its high capacity for ammonia
absorption and minimal energy consumption to release ammonia. Ammonia (NH3) is commonly used as an
ammonia carrier. However, organizing SrCI2 for ammonia storage applications is challenging due to the large-
volume release during absorption-desorption cycles from SrCl2 to Sr(NH3)8CI2 and back to SrCI2. Additionally,
applying Sr(NH3)8CI2 in powdered form can lead to inefficient utilization of space, pressure drop, weak
absorption and desorption kinetics, uncontrolled performance and explosion risk in vehicles. Therefore, a porous
SrCI2 structure supported by reduced graphene oxide (rGO) networks, loaded with up to 96% SrCl2 by weight, is
preferred. Structured SrCl2 aggregates break down immediately after the first cycle of NH3 absorption but the
optimized porous SrCI2-rGO composite, loaded with 80% SrCl2 by weight, maintains a macro and microstructure
that adapts to volume changes without disintegration during ammonia absorption-desorption cycles. Compared
to pure SrCI2 aggregates, the structured porous composite with 80% SrCI2-rGO by weight exhibits absorption-
desorption kinetics that are 140% and 540% faster, respectively. The incorporation of SrCI2 particles into rGO
networks with increased surface area and pores creates a strong and stable structure that reduces volume
changes through fast ammonia absorption-release kinetics and self-adjusting "breathing" significantly decreasing
the risk of explosions in vehicles. To summarize these steps:

1) Designing a porous structure with SrCI2-rGO composites as ammonia carriers:

a) Production process of rGO networks through ultrasonic mixing, freeze-drying and thermal annealing

b) Production process of porous SrCI2-rGO composites through ultrasonic mixing, freeze-drying and thermal
annealing

c) SEM images of rGO networks

d) SEM images of the porous SrCI2 structure

e) Porous SrCI2-rGO composite samples with various shapes suitable for different geometries with different
SrCI2 loadings. [1]
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2) Optimized for absorption and desorption of PS80, it offers a robust structure with volume expansion and rapid
ammonia absorption-desorption kinetics. It has a shorter diffusion length compared to SP100. These
improvements in ammonia absorption and desorption, both structurally and kinetically, resolve long-standing
issues with ammonia carriers in AEMHs.
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Figure 2

SCR systems are only one of the effective solutions for air pollution. To prevent air pollution, we can also opt for
simple measures such as reducing the number of vehicles and using public transportation. Wishing for cleaner
days ahead when visibility improves.
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Mihendisligi egitimi alan meslektaglarimiz glincel makaleleri ilgili arastirmacinin web sitesinden yada
arastirmaya yonelik cesitli bagliklardan makalelere ulasabilmektedir. Peki bizim her yil Tirkiye'de yayinlanan
Kimya Miihendisligi arastirmalarini tek bir datadan edinebilme ve takip edebilme olanagimiz nedir? iste bu
soruyla beraber bu c¢aligma ortaya c¢ikmistir, biz bu olasiligi artirmak ve size bilim diinyasinda yapilan
gelismeleri tek bir kaynakta sunmak istedik. Tirkiye'deki Kimya Mihendisligi bolimiinde egitim veren degerli
Ogretim Uyelerimizin ve arastirma gorevlilerimizin 2022 yilinda yapmis olduklar1 bilimsel yayinlari
universitelerin web sitelerinden bunlara bagh eklenti web sitelerinden ilk e-dergimizden itibaren derlemeye
calistik. Simdi ayni sekilde dort ayda bir yayimlanacak olan CARBONOG6 dergimizde dort aylik sireclerle
yayimlanmis olan yayinlan sizler icin derliyoruz. Biliyoruz ki bilimsel yayinlar: takip etmek bilimsel diigtincenin
temelidir. Kullandigimiz kaynaklardan baslicalari tiniversite web sayfalari, avesis, scopus, google scholar ve
researchgate'dir. Yayimlanan bilimsel makaleler arastirmacilarimin altinda sirali olarak verigmistir.
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Uluslararasi Bat1 Karadeniz Mithendislik ve Fen Bilimleri
Dergisi.

Dog. Dr. ibrahim BULDUK

1. Gungor, S., Akbel, E., Bulduk, I Development, Opti-
mization, and Validation of HPLC Method for Quanti-
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Pharmaceutical Chemistry Journal. (2023), 57, 451-459.

2. Korcan, S. E., Cankaya, N., Azarkan, S. ¥, Bulduk, I,
Karaaslan, E. C., Kargioglu, M., ... & Glvercin, G. (2023).
Determination of Antioxidant Activities of Viscum album
L.: First Report on Interaction of Phenolics with Survivin
Protein using in silico Analysis. ChemistrySelect, 8(12),
€202300130.

3. Bulduk, . & Topal, N./(2021). Development and Validati-
on of a Quantification Method forL-DOPA in Plants and
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Dr. Ogr. Uyesi Oguzhan ALAGOZ

1. Cetinkaya, S., Ozcan, L, Alag6z, O., Palmisano, L.,
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decorated nanotube-structured TiO 2. Chemical Com-
munications, 59(38), 5741-5744.

Dr. Ogr. Uyesi Serkan ELCIN

1. Elcin, S., & Gontil, R. (2023). Synthesis and characte-
rization of a chemosensor based on trisamidetetraa-
zocalix [4] arene linked by melamine. Monatshefte fiir
Chemie-Chemical Monthly, 154(3-4), 331-337.
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Prof. Dr. Emine BAYRAKTAR

1. Ytrekli Bayar, E., Getiren, B., Soysal, F; Ciplak, Z.,
Yildiz, N., & Bayraktar, E.,(2023). Graphene oxide /polya=
niline/silver nanocomposite synthesis and photothermal
performance. Materials Research Bulletin, vol.166.

Prof. Dr. Zekiye Serpil TAKAC

1. Keskin, A., Unli, A. E., & Takag, Z. S., (2023). Utilization
of olive mill wastewater for selective production of lipids
and carotenoids by Rhodotorula glutinis. Applhed Mic-
robiology and Biotechnology, vol.107, no.15, 4973-4985.

Prof. Dr. Nuray YILDIZ

1. Ytrekli Bayar, E., Getiren, B., Soysal, F., Ciplak, Z.,
Yildiz, N., & Bayraktar, E., (2023). Graphene oxide/polya-
niline/silver nanocomposite synthesis and photothermal
performance. Materials Research Bulletin, vol.166.

Doc. Dr. Berna TOPUZ

1. Topuz, B., Kayi, H., Sahin, T., Ersoy, F. S., Glinyakti, A.,
& Karakegili, A., (2023). Design of a Zr-based metal-or-
ganic framework as an efficient fosfomycin carrier: a
combined experimental and DFT study. New Journal of
Chemistry, vol.47, no.3, 1278-1290.
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1. Keskin, A., Unli, A. E., & Takag, Z. S., (2023). Utilization
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robiology and Biotechnology, vol.107, no.15, 4973-4985.

Dr. Ogr. Uyesi iffet Isil GURTEN iNAL

1. Giirten Inal, 1. I, Koyuncu, F., & Giizel, F., (2023). Inves-
tigating the surface properties of red pepper industrial
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supercapacitor electrodes. Diamond And Related Mate-
rials, vol.138, 110202-110210.
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Prof.Dr. Ayse BAYRAKCEKEN YURTCAN

1. Khan,S., Shah, S.'S., Bayrakceken Yurtcan, A., Bahajjaj,
A A A, Zafar,A., & Janjua, N. K., (2023). Electrooxidation
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PdO-ZnO/Al203 mesoporous catalysts; an innovative
strategy towards cleanfuel technology. Fuel, vol.347.

2. Aykut, Y., & Bayrakceken Yurtcan, A., (2023). The role
of the EHC system in the transition to a sustainable
energy future: A review. International Journal of Hyd-
rogen Energy, vol.48, n0.60, 23089-23109.

3. Mladenovi¢, D., Das, E., Santos, D. M. F., Bayrak¢eken

Yurtcan, A., & Sljuki¢, B., (2023). Highly Efficient Oxygen
Electrode Obtained by Sequential Deposition of Transi-
tion Metal-Platinum Alloys on Graphene Nanoplatelets.

Materials, vol.16, no.9.
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Prof. Dr. Atilla CIHANER

1. Ozkut, M. I, Onal, A. M, & Cihaner, A. (2023). DAD type
conjugated polymers in'dual electrochromic devices
tuning from green toblue colors. Synthetic Metals, 296,
117374.

2. Cakal, D, Arabacy, E. D., Yildirim, E., Cihaner, A., &
Onal, A. M. (2023): Effect of phthalimide and thieno

[3, 4-c] pyrrole-4, 6, dione acceptors on n-conjugated
doner=acceptor-donor monomers: Experimental and
theoretical investigations of photophysical and electroc-
hemical properties. Tetrahedron, 140, 133473.

Dog. Dr. Enver GULER

1. Kirhoglu, A. C., Mojarrad, N. R., Giirsel, S. A., Giler, E.,
& Kaplan, B. Y. (2023). New generation radiation-grafted
PVDF-g-VBC based dual-fiber electrospun anion exc-
hange membranes. International Journal of Hydrogen
Energy.

2. Altiok, E., Kaya, T. Z., Smolinska-Kempisty, K., Giiler,
E., Kabay, N., Tomaszewska, B., & Bryjak, M. (2023).
Salinity gradient energy conversion by custom-ma-

de interpolymer ion exchange membranes utilized in
reverse electrodialysis system. Journal of Environmental
Chemical Engineering, 11(2), 109386.

3. Kabay, N. (2023). Grand Challenges in Salinity Gra-
dient Energy Generation. Journal of Resource Recovery,
1(2).
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4.Jarma, Y. A., Cihanoglu, A., Giiler, E., Tomaszewska,
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and Spent Geothermal Fluid. In Nanofiltration for Susta-
inability (pp. 271-292). CRC Press.
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1. Tas, E., & Ulgen, K. O. (2023). Understanding the
ADHD-Gut Axis by Metabolic Network Analysis. Meta-
bolites, 13(5), 592.

2. Esvap, E., & Ulgen, K. O. (2023). Neuroinflammation,
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Revealed by Metabolic Modeling of Autistic Brains. Bio-
medicines, 11(2), 583.

3. Tezcan, E. F,, Demirtas, Y., Cakar, Z. P., & Ulgen, K. O.
(2023). Comprehensive genome-scale metabolic model
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platform for understanding pathogen.metabolism and
identifying new drug targets. Frontiers in Bioinformati-
cs, 3, 1121409.

4. Ozbek, I. 1., & Ulgen, K. O. (2023). Identification of The-
rapeutic Targets for Medulloblastoma by Tissue-Specific
Genome-Scale Metabolic Model. Molecules, 28(2), 779.

Prof. Dr. Ramazan YILDIRIM

1. Cosgun, A., Glinay, M. E., & Yildirim, R. (2023). A criti-
cal review of machine learning for lignocellulosic etha-
nol production via fermentation route. Biofuel Research
Journal, 10(2), 1859-1875.

2. Oral, B., Tekin, B., Eroglu, D., & Yildirim, R. (2023,
May). Assessment of Na-lon Battery Performance Using
Machine Learning. In 243rd ECS Meeting with the 18th
International Symposium on Solid Oxide Fuel Cells
(SOFC-XVIII). ECS.

3. Ozdemir, P,, & Yildirim, R.(2023). Photocatalytic gly-
cerol reforming on Pt, Au and Cu supported by reduced
TiO2 under visible light irradiation. International Journal
of Hydrogen Energy.

4. Yilmaz, B., Oral, B, & Yildirim, R. (2023). Machine lear-
ning analysis of catalytic CO2 methanation. Internatio-
nal Journal of Hydrogen Energy.

5. Wei, S., Wan, C., Wu, Y., Cosgun;A., Glinay, M. E., &
Yildirim, R. (2023). Cutting-edge research for a greener
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1. Altun, A., Sara, O. N., & Pekdemir, T. (2023). Volumetric
Properties and Viscosities for 1-Ethyl-3-methylimidazo-
lium Ethyl Sulfate and Ethylene Glycol Binary Mixture
from 293 15 K to 343 15 K at Atmospheric Pressure. Jour-
nal of Solution Chemistry, 0-0.
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Prof. Dr. Hiilya KOYUNCU

1. Kul, A. R, Koyuncu, H., Turan, A., & Aldemir, A.
(2023). Comparative Research of Isotherm Kinetic and
Thermodynamic Studies for Neutral Red Adsorption by
Activated Carbon Prepared from Apple Peel. Water, Air,
&amp; Soil Pollution, 0-0.
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Nanoparticle Dispersion on the Thermophysical Proper-
ties of EMIM EtSO4 Ionic Liquid. International Journal
of Thermophysics, 44(106), 1-20.
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1. Unlg, D. (2023). High-efficiency pervaporative separa-
tion of fuel bioadditive methylal from methanol by poly
vinyl alcohol poly vinylpyrrolidone blend membrane.
Brazilian Journal of Chemical Engineering, 0-0.
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Graphene Structures. Journal Of Vacuum Science And
Technology A, 41(2),23202-0.

Ars.Gor. Aycan ALTUN

1. Altun, A., Sara, O. N., & Pekdemir, T. (2023). Volumetric
Properties and Viscosities for 1-Ethyl-3-methylimidazo-
lium Ethyl Sulfate and Ethylene Glycol Binary Mixture
from 293 15 nbsp K to 343 15 nbsp K at Atmospheric
Pressure. Springer Science and Business Media LLC,
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2. Baydir, E., Altun, A, & Fellah, M. F. (2022)..Molecular
Adsorption of Silane on Ge Ga and Al-doped CNT Stru-
ctures A Density Functional Theory Study. Protection of
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Bodapati, J. B., Al-Khateeb, B.; ... Abourajab, A.(2023).
Synthesis, photophysical, electrochemical and morpho-
logical properties of a novel cross-linked chitosan-based
fluorescent polymer: A fluorescence sensor for sing-
le-stranded DNA. European Polymer Journal , vol.196.
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CU, S., (2023).-Viologen-Based Covalent Organic Fra-
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talytic Hydrogen Evolution. ACS Applied Materials and
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3. Koksoy, B., OZDEMIR, M., ALTINISIK, S., Zorlu,
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Electron-Donating and Electron-Withdrawing Subu-
nit Effects on Coumarin-BODIPY Dyads: Optical and
Electrochemical Properties and Molecular Interactions.
ChemPhotoChem .
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1. Unﬁgﬁl, T., Nigiz, F. U., & Karakoca, B., (2023). Optimi-

zation of Pervaporative Desalination with Zirconia Based
Metal Organic Framework Filled Nanocomposite Memb-
rane. Journal of Polymers and the Environment .

Dr.0gr.Uyesi Hanife ERDEN

1. ispirli Dogac, Y., Arabaci, G., ERDEN, H., & Oztirk, F.,
(2023). NiFe204 /polyhydroxymethyl methacrylate and
Fe304/polyhydroxymethyl methacrylate magnetic na-
nogels for lipase immobilization. International Journal
of Polymeric Materials and Polymeric Biomaterials .
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Dr. Ogr. Uyesi Haluk KORUCU
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evaluation of thermoelectric nanostructure materials
Bi2-xSbxTe3 020X 180" Cleaner Chemical Enginee-
ring, 0-0.

2. KORUCU, H., Mohamed, A. I., YARTASI, A., & UGUR, M.
(2023). The detailed Characterization of graphene oxide.
Chemical Papers, 0-0.

Dr. Ogr. Uyesi Zehra Giilten YALCIN

1. Abdi, M. M., YALCIN;, Z. G., & DAG, M. (2023). Experi-
mental investigation of the production of bielubricant
from waste frying oil. Springer Science and Business
Media LLC, 0-0.

2. DAG, M., AYDOGMUS, E., YALCIN, Z. G., & ARS-
LANOGLU, H. (2023). Diatomite reinforced modified
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Optimization with RSM and assessment of outcomes by
ANN. Materials Today Communications, 0-0.

3. Mohamed, A. L., YALCIN, Z. G., & DAG, M. (2023). The
Usage Status of Joetermel Energy in the World Turkey
and Djibouti. European Journal of Science and Techno-
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4. Basatag, R., YALCIN, Z. G., & GULEN, F. J. (2023). Inves-
tigation of Drying Methods of Tarhana Produced in Can-
kir1 Region by Taguchi Method. International Journal of
Advance Naturel Science and Engineering, 0-0.

5. YALCIN, Z. G., DAG, M., & AYDOGMUS, E. (2023). Was-
tewater Treatment Using Active Microorganisms and

Evaluation of Results. International Journal of Advanced
Natural Sciences and Engineering Researches, (7), 55-61.
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1. UGUR, M., SIMSEK, B., UYGUNOGLU, T., & KOCA-
KERIM, M. M. (2023). Comparison of effectiveness of
blending and impregnation applications of dispersed
nanoparticles on performance of cementitious composi-
tes. Construction and Building Materials, 0-0.

2. KORUCU, H., YARTASI, A, UGUR, M., & MOHAMED,
A.1.(2023). The detailed Characterization of graphene
oxide. Chemical Papers, 0-0.

Ars. Gor. Dr. Mustafa DAG

1. AYAR, B., YALCIN, Z. G., & DAG, M. (2023). Riizgar1
Hasat Etmek Tirkiyede Riizgar Enerjisinin Fizibilitesi ve
Gelismeleri Uzerine Bir Aragtirma. European Journal of
Science and Technology, 0-0.

Ars. Gor. Merve DURMAZ

1. ADANEZ-RUBIO, I., FILSOUF, A., DURMAZ, M., Mendi-
ara, T., GAYAN, P., & Adanez, J. (2023). Performance of a

kaolin-doped magnetic Cu-based oxygen carrier in bio-
mass combustion. Powder Technology, 426(118668), 0-0.

2. DURMAZ, M., DILMAC, N., & DILMAC, O. F. (2023).
Suitability of Hekimhan siderite as oxygen carrier in
chemical looping combustion. International Journal of
Global Warming, 29, 108-120.
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in tropical fruits based on combination of QUEChERS
extraction and dispersive liquid-liquid microextraction
by LC-QTOF-MS/MS.

Aras. Gor. Ebru KAHRAMAN

1. Oguz, B., Hayri-Senel, T., Kahraman, E., & Nasun-Say-
gili, G. (2023). Improving corrosion resistance and ele-
ctrical conductivity of sunflower oil based polyurethane
coatings by graphene oxide/reduced graphene oxide.
Polymer Testing, 124, 108057.
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2. Kahraman, E., Aydin, N. E., & Nasun-Saygili, G. (2023).
Optimization of 5-FU adsorption on gelatin incorpo-
rated graphene oxide nanocarrier and application for
antitumor activity. Journal of Drug Delivery Science and
Technology, 80, 104153.

Aras. Gor. ilayda Nur OKSAL

1. Oksal, I. N., & Kaymak, D. B. (2023). Selection of
eco-efficient downstream separation configuration for
isopropanol-butanol-ethanol purification process. Che-
mical Engineering Communications, 1-15.

Aras. Gor. Kaan BUYUKKANBER

1. Buiytikkanber, K., Haykiri-Acma, H., & Yaman, S. (2023).
Calorific value prediction of coal and its optimization
by machine learning based on limited samples in a wide
range. Energy, 277, 127666.

Aras. Gor. Merve YUCE

1. Yuce,"M., Sarica, Z,, Ates, B., & Kurkcuoglu, O. (2023).
Exploring species-specific inhibitors with multiple tar-
get sites on S. aureus pyruvate kinase using a computa-
tional workflow. Journal of Biomolecular Structure and
Dynamics, 41(8), 3496-3510.

Aras. Gor. Tugba HAYRI SENEL

1. Oguz, B., Hayri-Senel, T., Kahraman, E., & Nasun-Say-
gili,"G. (2023). Improving corrosion resistance and ele-
ctrical conductivity of sunflower oil based polyurethane
coatings by graphene oxide/reduced graphene oxide.
Polymer Testing, 124, 108057

Aras. Gor. Utku BURGUN

1. Fatih; Y., Burgun, U., Sarioglan, A.;&Atakdil, H. (2023).
Effect of sodium incorporation into Fe-Zn catalyst for
Fischer-Tropsch synthesis to light olefins. Molecular
Catalysis, 535, 112866.

19. ISTANBUL UNIVERSITESI CERRAHPASA

Prof. Dr. Giilten GURDAG

1. Sanattalab, E.; Giirdag, G., & Sigirci, B. D., (2023). New
approachesfor enhancing the photosensitivity, anti-
bacterial activity, and controlled release behavior of
non-porous silica-titania nanoplatforms. Biomaterials
Advances , vol.148, 231365.

Prof. Dr. Ali DURMUS

1. Turan, F., Guclu, M., Gurkan, K., Durmus, A., & Taskin,
Y. (2023). Determination of carbon nanotubes penetra-
tion level into epoxy-woven glass fibre composite lami-
nates manufactured with vacuum infusion process via
electrical conductivity measurement. Plastics, Rubber
and Composites, 52(4), 227-237.

2. Turan, F., Gurkan, K., Guclu, M., Durmus, A., & Taskin,
Y. (2023). A statistical approach to predict fatigue failure
of leaf springs manufactured with nanotube incorpo-
rated epoxy-woven glass fiber composites. Polymer
Composites.

3. Gungor, A. S., Durmus, A., Kurt, B. Z., Koymen, S. S., &
Donmez, N. (2023). Depth of cure, mechanical proper-
ties and morphology of dual-cure bulk-Fill composites.
Odovtos-International Journal of Dental Sciences, 25(1),
72-87.




Kimya Miihendisligi Bilimsel Yayin Arsivi

Prof. Dr. Hiiseyin DELIGOZ

1. Cengiz, H. Y., Konyali, E., Miftiiler, A., & Deligéz, H.,
(2023). Investigating the effect of weak polyelectroly-

tes on the chemical stability and swelling recovery of

multilayered coatings. Progress In Organic Coatings,
vol.183, 1-10.

2. Yilmaz-Aykut, D., Yolacan, O., & Delig6z, H., (2023).
A comparative QCM-D study for various drug sorption
behaviors and chemical degradation of chitosan/PAA
LbL multilayered films. Journal Of Polymer Research ,
vol.30, no.8, 1-10.

3. Dénmez, G., Giilcan, M., & Deligdz, H., (2023). A com-
parative study on SPEEK-based composite membranes
with various inorganic fillers using different preparation
routes for DMFCs. Polymer Engineering And Science,
vol.1, no.1, 1.

4.Yilmaz-Aykut, D., Torkay, G., Kasgoz, A., Shin, S. R.,
Bal-Ozturk, A., & Delig6z, H.;(2023). IInjectable.and
self-healing dual crosslinked gelatin/kappa-earra-
geenan methacryloyl hybrid hydrogels via host-guest
supramolecular interaction for wetund healing. Journal
Of Biomedical Materials Research - Part B’Applied Bio-
materials , 1-10.

5. Okutan, M., Boran, F., Ergiin, A., Kanca, Y., Ozkah-
raman, B., & Deligoz, Hj (2023). Hydrophobic surface
modification and characterization of melamine foam.
Turkish Journal Of Chemistry , vol.47, no.3;:1-10.

6. Konyali, E., Cengiz, H. Y., Miiftiiler, A., & Deligoz, H.
Monitoring the salt stability.and solvent.swelling beha-
vior of PAH-based polyelectrolyte multilayers by quartz
crystal microbalance with dissipation. Polymer Engine-
ering & Science.

Prof. Dr. Serkan Emik

1. Ceylan; G., Emik, S., Yaleinyuva, T., Sunbuloglu, Ei
Bozdag, Ei, & Unalan, F. (2023). The Effects of Cross-Lin-
king Agents on'the Mechanical Properties of Poly (Met-
hyl Methacrylate) Resin. Polymers; 15(10), 2387

2. Cokduygulular, E., Cetinkaya, Cs Emik, S., & Kinaci,
B. (2023). In-depth analysis on PTB7 based semi-trans-
parent solar cell employing MoO3/Ag/WO3 contact
for advanced optical performance and light utilization.
Scientific Reports, 13(1), 1-18.

3. Yazicioglu, Z., Dikbas, H. A., Macit, C., Ozbeyli, b 4
Cevik, O., Cetin, M,, ... & Unalan, F.(2023). Architectural
education based on integrated design and its effects on
professional life. In ECPPM 2022-eWork and eBusiness
in Architecture, Engineering and Construction 2022 (pp.
669-676). CRC Press.

Prof. Dr. Mehmet Ali Faruk OKSUZOMER

1. D6nmez, G., Gurkaynak Altingekic, T., Sariboga, V., &
Okstizémer, M. A. F. (2023). Fabrication of YDC electroly-
tes via polyol method and investigation of their proper-
ties for IT-SOFCs. Ionics, 1-11.

Prof. Dr. ismail BOZ

1. Boz, 1., Safak Boroglu, M., Zengin, Y., & Kaya, B., (2023).
Sustainable production of acrolein over highly stable
and selective WO3 over SiO2-TiO2 catalysts. KOREAN
JOURNAL OF CHEMICAL ENGINEERING, no.., 1-11.
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2. Kaya, B., Zengin, Y., Boroglu, M. S., & Boz, 1. (2023).
Selective dehydration of glycerol to acrolein over meso-
porous WO3-KIT-6: effects of mesoporosity and acidity.
Journal of Porous Materials, 30(3), 835-845.

3. Hamid, M. A. S. H,, Zengin, Y., & Boz, I. (2023). CdxZn1-
xS with bulk-twinned homojunctions and rich sulfur
vacancies for efficient photocatalytic hydrogen produc-
tion. International Journal of Hydrogen Energy.

Prof. Dr. Muzaffer YASAR

1. Arca, S., Gurdal, S., Caniaz, R. O., Yilmaz, K., Komurcu,
H., Cetintas, R, ... & Yasar, M. (2023). The Effect of Ionic
Liquids Incorporation on the Self-healing Behavior of
the Bitumen. Arabian Journal for Science and Enginee-
ring, 1-11.

2. Komurcu, H., Yilmaz, K., Gurdal, S., & Yasar, M. (2023).
Hydrogenation reactions of kerosene on nickel-based
catalysts. International Journal of Hydrogen Energy,
48(60), 22934-22941.

3. Gurdal, S., & Yasar, M. (2023). Dimethyl ether synt-
hesis on clinoptilolite zeolite and HZSM5-based hybrid
catalysts in a fixed-bed reactor. International Journal of
Hydrogen Energy.

Prof. Dr. ismail AYDIN

1. Al Menen, B., Ekinci, A., Oksuz, M., Ates, M., & Ay-

din, I(2023): Effect of processing parameters on the
properties of two-component injection molded recyc-
led polypropylene/ethylene propylene diene monomer
automotive parts. The International Journal of Advanced
Manufacturing Technology, 127(1), 845-860.

Prof. Dr. Solmaz AKMAZ

1. Yakupoglu, S., Akmaz, S., & Kog, S.\N. (2023). Hydroxy-
methylfurfural (HMF) Synthesis from Starch with Zeolite
Based Catalysts. Starch-Starke, 75(3-4), 2200164.

Prof. Dr. ismail iNCI

1-Dedecan; T.; Baylan, N., & inci, 1:(2023). Equilibrium,
kinetic and thermodynamics studies for adsorption of
tartaric acid by calcium peroxide nanoparticles. Biomass
Conversion and Biorefinery, 1-10.

2.Dedecan, T., Baylan, N., & inci, 1. (2023). Adsorption of
Citric Acid onto Calcium Peroxide Nanoparticles: Equi-
librium, Kinetic, and Thermodynamic Data. Water, Air, &
Soil Pollution, 234(5), 299.

Prof. Dr. §ah ismail KIRBASLAR

1. isayev, i., Demir, O., Gék, A., & Kirbaslar, S. 1. (2023).
Reactive extraction of protocatechuic acid by di-n-o-
ctylamine and optimisation with Box-Behnken design.
Indian Chemical Engineer, 1-16.

2. Demir, 0., Isayev, I., GOk, A., & Kirbaglar, S. 1. (2023).
The application of Box-Behnken design for the optimi-
zation of protocatechuic acid separation by a reactive
extractant trioctylphosphine oxide. Biomass Conversion
and Biorefinery, 1-13.

3. Aras, S., Demir, 0., Gok, A., Santos, D., & Kirbaglar, S.
I. (2023). The recovery of gallic acid with triphenylp-
hosphine oxide in different kind of solvents. Journal of
the Indian Chemical Society, 100(1), 100846.




Kimya Miihendisligi Bilimsel Yayin Arsivi

Prof. Dr. Siitheyla CEHRELI

1. Baylan, N., Tirk, F. N., & Cehreli, S. (2023). Use of
cyclopentyl methyl ether (CPME) as green membrane for
acetic acid removal by facilitated bulk liquid membrane:
A transport and kinetic study. The Canadian Journal of
Chemical Engineering, 101(6), 3522-3531.

Prof. Dr. Selin SAHIN SEVGILI

1. Gungor, K. K., Toprakei, i., BALCI TORUN, F., TORUN,
M., & SAHIN SEVGIL, S., (2023). A mixture design
approach for developing ginger extract encapsulation
by spray drying method: in vitro digestion and release
behavior in a model product. BIOMASS CONVERSION
AND BIOREFINERY .

2. Balci-Torun, F., Toprakei, I., Deniz,N. G., Ortaboy, S.,
Torun, M., & Sahin, S. (2023). Development of an optimi-
zed method to obtain a limonene-rich concentrate from
the discarded lemon peels. Chemistry & Biodiversity,
€202300767.

3. Toprakgt, 1., Balci-Torun, F., Deniz, Nv'G;; Ortaboy, S.,
Torun, M., & Sahin, S. (2023). Investigation of limonene
recovery process through optimization and characteri-
zation studies. Biomass Conversion and Biorefinery, 1-12.

4. Kurtulbas, E., Toprakei, i, Pekel, A. G., & Sahin, S.
(2023). A model study for decolorization reasons: n-ca-
rotene removal and its kinetics and thermodynamics
behaviors. Biomass Conversion and Biorefinery; 13(9),
7755-7761.

Dog. Dr. Mehmet Koray GOK

1. Arpa, M. D., Okur, N. U., Gk, M. K., Ozgtimiis, S., &
Cevher, E., (2023). Chitosan-based buccal mucoadhesive
patches to enhance the systemic bioavailability of tiza-
nidine. INTERNATIONAL JOURNAL OF PHARMACEUTI-
CS, vol.642,123168.

Dog. Dr. Tuba GURKAYNAK ALTINCELIiK

1. Dénmez, G:, Glirkaynak Altincekic, T., Sariboga, V., &
Oksiizémer, M. A. F. (2023). Fabrication of YDC electroly-
tes via polyol method and investigation of their proper-
ties for IT-SOFCs. Ionics, 1-11.

2. Ocakgy, E. E., Sariboga, V., Ozdemir, H., Altincekig, T.
G., & Oksiizomer, M. E. (2023). Ca, Sr or Mg-doped Ceria
Electrolytes Prepared by Citrate-Nitrate Combustion
Synthesis: Effect of Doping Concentration. Journal.of
Electroceramics, 50(3), 67-81.

Dog. Dr. Mehtap SAKA BOROGLU

1. Boz, I, Boroglu, M. S., Zengin, Y., & Kaya, B. (2023).
Sustainable production of acrolein over highly stable and
selective WO3 over SiO2-TiO2 catalysts. Korean Journal
of Chemical Engineering, 1-10.

2. Kaya, B., Zengin, Y., Boroglu, M. S., & Boz, I. (2023).
Selective dehydration of glycerol to acrolein over meso-
porous WO3-KIT-6: effects of mesoporosity and acidity.
Journal of Porous Materials, 30(3), 835-845.

Dog. Dr. Vedat SARIBOGA

1. Dénmez, G., Gurkaynak Altingekic, T., Sariboga, V., &
Okstizémer, M. A. F. (2023). Fabrication of YDC electroly-
tes via polyol method and investigation of their proper-
ties for IT-SOFCs. Ionics, 1-11.
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Dog. Dr. Asli GOK

1. isayev, i., Demir, O., Gk, A., & Kirbaslar, S. 1. (2023).
Reactive extraction of protocatechuic acid by di-n-o-
ctylamine and optimisation with Box-Behnken design.
Indian Chemical Engineer, 1-16.

2. Sevindik, Y. E., GOk, A., Lalikoglu, M., Giilgiin, S., Gue-
ven, E. Y., Gurkas-Aydin, Z., ... & Ascy, Y. S. (2023). Inves-
tigation of the effectiveness of edible oils as solvent in
reactive extraction of some hydroxycarboxylic acids and
modeling with multiple artificial intelligence models.
Biomass Conversion and Biorefinery, 1-13.

3. Demir, O., Isayev, L., GOk, A., & Kirbaglar, $. I. (2023).
The application of Box-Behnken design for the optimi-
zation of protocatechuic acid separation by a reactive
extractant trioctylphosphine oxide. Biomass Conversion
and Biorefinery, 1-13.

4. Aras, S., Demir, 0., Gok, A., Santos, D., & Kirbaslar, S.
1..(2023). The recovery of gallic acid with triphenylp-
hosphine.oxide in different kind of solvents. Journal of
the Indian Chemical Society, 100(1), 100846.

Dr. Ogr. Uyesi Ebru KURTULBAS SAHIN

1. Sevgen, S., & Samli, R.(2023). Investigation of Bioacti-
vity Degradation During Storage of Sour Cherry (Prunus
cerasus L.) Peel Extract. Combinatorial Chemistry &
High Throughput Screening, 26(9), 1793-1801.

2. Kurtulbas, E., Topraket, I, Pekel, A. G., & Sahin, S.
(2023). A model study for decolorization reasons: o-ca-
rotene removal and its kinetics and thermodynamics
behaviors.’Biomass/Conversion and Biorefinery, 13(9),
7755-7761.

Ars. Gor. Goknur DONMEZ

1. Dénmez, G., Giilcan, M., & Deligo6z, H., (2023). A com-
parative study on SPEEK-based composite membranes
with various inorganic fillers using different prepara-
tion routes for DMFCs. POLYMER ENGINEERING AND
SCIENCE, vol.l,no., 1.

2. Donmez, G., Altincekic, T. G., Sariboga, V., & Oksuzo-
mer, M. A. F., (2023). Fabrication of YDC electrolytes via
polyol method and investigation of their properties for
I'T=SOFCs. IONICS'.

Ars. Gor. Ayca MUFTULER

1. Cengiz, H. Y., Konyali, E., Miftiler, A., & Deligoz, H.,
(2023). Investigating the effect of weak polyelectrolytes
on the chemical stability and swelling recovery of multi-
layered coatings. PROGRESS IN ORGANIC COATINGS,
vol.183, 1-10.

2. Okutan, M., Boran, F., Ergiin, A, Kanca, Y., Ozkah-
raman, B., & Deligoz, H., (2023). Hydrophobic surface
modification and characterization of melamine foam.
TURKISH JOURNAL OF CHEMISTRY , vol.47, no.3, 1-10.

Ars. Gor. Oguz YUCEL

1. Bal Oztiirk, A., Tietilu, S. D., Yiicel, O., Erol, T., Akgiiner,
Z. P, Daricy, H., ... Alarcin, E.(2023). Hyperbranched pol-
ymer-based nanoparticle drug delivery platform for the
nucleus-targeting in cancer therapy. Journal Of Drug
Delivery Science And Technology , vol.81.
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Ars. Gor. irem TOPRAKGI YUKSEL

1. Balci Torun, F., Toprakei Yiiksel, I., Deniz, N. G., Or-
taboy Sezer, S., Torun, M., & $ahin Sevgili, S., (2023).
Development of an optimized method to obtain a limo-
nene-rich concentrate from the discarded lemon peels.
Chemistry And Biodiversity , vol.1, no.1, 1-28.

2. Topraka: Yiiksel, I., Balci Torun, F., Deniz, N. G.,
Ortaboy Sezer, S., Torun, M., & $ahin Sevgili, S., (2023).
Investigation of limonene recovery process through
optimization and characterization studies. Biomass
Conversion And Biorefinery, vol.1, no.1, 1-12.

3. Gungor, K. K., Toprakci, 1., Balci Torun, F., Torun, M.,
& Sahin Sevgili, S., (2023). A mixture design approach for
developing ginger extract encapsulation by spray drying
method: in vitro digestion and release behavior in a mo-
del product. Biomass Conversion And Biorefinery .

4. Toprakai Yiiksel, I., Kurtulbas, E., Torun, M., Torun, F.
B., & Sahin, S., (2023). Trapping of betanin in alginate
microcapsules: Stability studies under accelerated con-
ditions. Environmental Engineering And Management
Journal , vol.22, no.4, 629-637.

20. [ZMIR YUKSEK TEKNOLOJI ENSTITUSU

Prof. Dr. Aysun SOFUOGLU

1. Ayri, I., Genisoglu, M., Sofuoglu, A., Kurt-Karakus;

P. B., Birgul, A., & Sofuoglu, S. C. (2023). The effect of
military conflict zone in the Middle East on atmospheric
persistent organic pollutant contamination in its north.
Science of The Total Environment; 878;162966:

2. Balci, E., & Sofuoglu, A. (2023). Fragrance Emissions
into the Air and Their Impact on Air Quality and Human
Health.

3. Balci, E., Rosales, E., Pazos, M., Sofuoglu, A., & San-
roman, M. A. (2023). Immobilization of esterase from
Bacillus subtilis.on Halloysite nanotubes and applica-
tions on dibutyl phthalate degradation. Environmental
Technology & Innovation, 30,103113.

Prof. Dr. Erol SEKER

1. Gungormus, E., Seker, E., & Altinkaya, S. A7(2023).
Antifouling Polydopamine-Modified Poly (ether sulfone)
Membrane Immobilized With Alumina-Calcium Oxide
Catalyst For Continuous Biodiesel Production. Fuel, 349,
128685.

Prof. Dr. Fehime OZKAN

1. Saygi, G., Kap, O., Ozkan, F. C., & Varlikli, C. (2023).
Photocatalytic Reactors Design and Operating Para-
meters on the Wastewater Organic Pollutants Removal.
In Photocatalysis for Environmental Remediation and
Energy Production: Recent Advances and Applications
(pp. 103-151). Cham: Springer International Publishing.

Prof. Dr. Funda TTHMINOGLU

1. Aker, S. D., Tamburaci, S., & Tihminlioglu, F. (2023). De-
velopment of Cissus quadrangularis-Loaded POSS-Re-
inforced Chitosan-Based Bilayer Sponges for Wound
Healing Applications: Drug Release and In Vitro Bioacti-
vity. ACS omega.
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2. Perpelek, M., Tamburaci, S., Aydemir, S., Tihminlioglu,
F., Baykara, B., Karakasli, A., & Havitcioglu, H. (2023).
Corrigendum: Bioactive snail mucus-slime extract
loaded chitosan scaffolds for hard tissue regeneration:
the effect of mucoadhesive and antibacterial extracts
on physical characteristics and bioactivity of chitosan
matrix (2021 Biomed. Mater. 16 065008). Biomedical
materials (Bristol, England), 18(4).

3. Tamburaci, S., Perpelek, M., Aydemir, S., Baykara, B.,
Havitcioglu, H., & Tihminlioglu, F. (2023). Fabrication of
Helix aspersa Extract Loaded Gradient Scaffold with an
Integrated Architecture for Osteochondral Tissue Rege-
neration: Morphology, Structure, and In Vitro Bioacti-
vity. ACS Applied Bio Materials, 6(4), 1504-1514.

Prof. Dr. Sacide ALSOY ALTINKAYA

1. Gungormus, E., Seker, E., & Altinkaya, S. A. (2023).
Antifouling Polydopamine-Modified Poly (ether sulfone)
Membrane Immobilized With Alumina-Calcium Oxide
Catalyst For Continuous Biodiesel Production. Fuel, 349,
128685.

Dog. Dr. Abhisek DUTTA

1. Croes, T., Van der Bruggen, B., Sels, B., & Dutta, A.
(2023). Organic Solvent Nanofiltration for the fractiona-
tion of biobased phenolic compounds.

2.Turan, M., & Dutta, A. (2023). Further developments of
the Extended Quadrature Method of Moments to solve
Population Balance Equations. Heliyon.

Dog. Dr. Aslil Yiiksel OZSEN

1. Altinbas, B: F.; & Yiiksel; A (2023). Synthesis of a novel
cellulose-based adsorbent from olive tree pruning waste
for removal of boron from aqueous solution. Biomass
Conversion and Biorefinery, 1-11.

Ar. Gor. Bekir Firat ALTINBAS

1. Altinbas, B. F., & Yiiksel,A. (2023). Synthesis of a novel
cellulose-based adsorbent from olive tree pruning waste
for removal of boron from aqueous solution. Biomass
Conversion and Biorefinery, 1-11.

Ar. Gor. Bengii GETIREN

1. Bayar, E. Y., Getiren, B., Soysal, F., Ciplak, Z., Yildiz,
N., & Bayraktar, E. (2023). Graphene oxide/polyaniline/
silver nanocomposite synthesis and photothermal per-
formance. Materials Research Bulletin, 166, 112352.

2. Getiren, B., Altinisik, H., Soysal, F., Ciplak, Z., & Yildiz,
N. (2023). N-doped reduced graphene oxide/MnO2/
co-doped polyaniline ternary nanocomposites for
electrochemical energy storage applications. Journal of
Electroanalytical Chemistry, 932, 117243.

3. Altinisik, H., Getiren, B., Ciplak, Z., Soysal, F., & Yildiz,
N. (2023). Energy storage performance of nitrogen
doped reduced graphene oxide/co-doped polyaniline
nanocomposites. Journal of Inorganic and Organometal-
lic Polymers and Materials, 33(2), 353-367.
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Ar. Goér. Elif GUNGORMUS DELIISMAIL

1. Gungormus, E., Seker, E., & Altinkaya, S. A. (2023).
Antifouling Polydopamine-Modified Poly (ether sulfone)
Membrane Immobilized With Alumina-Calcium Oxide
Catalyst For Continuous Biodiesel Production. Fuel, 349,
128685.

2. Gungormus, E., & Altinkaya, S. A. (2023). A new-gene-

ration poly (ether imide sulfone) based solvent resistant

ultrafiltration membrane for a sustainable production of
silica nanopowder. Separation and Purification Techno-

logy, 304, 122351.

Ar. Gor. Gizem CIHANOGLU

1. Karabiyik, M., Cihanoglu, G., & Ebil, 0. (2023). CVD
deposited epoxy copolymers as protective coatings for
optical surfaces. Polymers, 15(3), 652.

Ar. Gor. Yagsar Kemal RECEPOGLU

1. Goren, A. Y., Recepoglu, Y. K,, Yoon, Y., & Khataee, A.
(2023). Insights into sustainability of engineered car-
bonaceous material-based technologies for advanced
cyanide removal from wastewater. Alexandria Enginee=
ring Journal, 73, 69-88.

2. Recepoglu, Y. K., Goren, A. Y., Orooji, Y., Vatanpour,
V., Kudaibergenov, N., & Khataee, A. (2023). Polyoxo-
metalate-based hybrid composites in multi-functional
wastewater treatment applications. Journal of Water
Process Engineering, 53, 103863.

3. Goren, A. Y., Recepoglu, Y. K., Vatanpour, V., Yoon, Y.,
& Khataee, A. (2023). Insights-into.engineered graphitic
carbon nitride quantum dots for hazardous contami-
nants degradation in wastewater. Environmental Rese-
arch, 223, 115408.

4. Recepoglu, Y. K., Giimiigsbulut, G., & Ozsen, A. Y. (2023).
A comparative assessment for efficient oleuropein ext-
raction from olive leaf (Olea europaea L. folium). Turkish
Journal of Engineering, 7(2), 116-124.
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Prof. Dr. Ayse AYTAC

1. qumar Durmaz, B., Salman, A:O., & Aytac, A«(2023).
Electromagnetic Interference Shielding Performances
of Carbon-Fiber-Reinforced PA11/PLA Compesites in the
X-Band Frequency Range. ACS OMEGA , vol.1, 1.

2. Hazer, S., & AYTAC, A., (2023). Monitoring food quality
- effect of curcumin in the development of polyethyle=
ne/thermoplastic starch based smart packaging. JOUR-
NAL OF VINYL & ADDITIVE TECHNOLOGY .

3. Samatya Yilmaz, S., YAZICI OZCELIK, E., UZUNER, H.,
KOLAYLI, F., KARADENIZLI, A., & AYTAC, A., (2023). The

PLA-Ag NPs/PU bicomponent nanofiber production for

wound dressing applications: Investigation of core/shell
displacement effect on antibacterial, cytotoxicity, mec-
hanical, and surface properties. International Journal of
Polymeric Materials and Polymeric Biomaterials .

4. Samatya Yilmaz, S., UZUNER, H., & AYTAC, A., (2023).
Use of antibacterial effective food packaging of crosslin-
ked polyvinyl alcohol /sodium caseinate/silver nanopar-
ticle composite films. Polymer Composites .
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Dog. Dr. Bagdagiil KARAAGAC

1. Agar, S. B, Tasdelen, M. A, & Karaagac, B., (2023).
The effect of POSS nanoparticles on crosslinking of
styrene-butadiene rubber nanocomposites. TURKISH
JOURNAL OF CHEMISTRY , vol.47, 417-425.

2. Yesil, B., Untigiil, T., & Karaagag, B., (2023). Self-healing
behaviour of lignin-containing epoxidized natural rub-
ber compounds. EXPRESS POLYMER LETTERS , vol.17,
no.7, 704-721.

Ars. Gor. Dr. Toygahan KUTLUK

1. Ozun, E., Ceylan, R., BORA, M. 0., COBAN, O., & KUT-
LUK, T., (2023). Effects of Double and Triple Hybrid Na-
nomaterial Reinforcements on Mechanical Performance
of Aluminium Adhesive Joints. Journal of Materials
Engineering and Performance .

22.MARMARA UNIVERSITESI
Prof. Dr. Atif KOCA

1. DILBER, G., NAS, A., BUDAK, O., & KOCA, A., (2023).
Chloromanganese and oxo-Titanium (IV) phthalocyani-
nes: Synthesis, electrochemistry and Spectroelectroc-
hemistry. Polyhedron , vol.242.

2.NELI, O. U., BUDAK, O., & KOCA, A., (2023). Improved
photoelectrochemical hydrogen production performan-
ce of reduced graphene oxide-cadmium zinc sulfo-
selenide photoelectrodes prepared by a Facile In-situ
Electrosynthesis method. Electrochimica Acta , vol.458.

Prof. Dr. Mehmet Sayip. EROGLU

1. Ahmadova, I, Tapdiqov, S., EROGLU, M. S.,; & SENNA-

ROGLU BOSTAN, M., (2023). Microwave assisted ring-o-
pening polymerization of o-caprolactone using organic
acids. Journal of Polymer Research; vol.30, no.8.

Prof. Dr. Gokge Alev CIFTCIOGLU

1. Yalein, E., Ciftcioglu, G. Ai, & Glizel, D. H. B., (2023).
Human Factors Analysis by Classifying Chemical Acci-
dents into Operations. SUSTAINABILITY , vol.15, no.10,
8129-8145.

Dog. Dr. Ozge KERKEZ KUYUMCU

1. Firtina-Ertis, I., & KERKEZ KUYUMCU, O., (2023).
Effect of Different Amounts of Pt on Fe304-TiO2 for
Photocatalytic H2 Production Under Solar Light. Che-
mistrySelect , vol.8, no.27.

Dogc. Dr. Sevgi POLAT

1. Polat, S., Kortlever, R., & Eral, H. B., (2023). Electro-
chemical cell design and performance evaluation of
polyvinyl ferrocene/carbon nanotube electrodes for
selective formate separation. SEPARATION AND PURIFI-
CATION TECHNOLOGY , vol.324, 124554.

Dr. Ogr. Uyesi Miige SENNAROGLU BOSTAN

1. Ahmadova, I, Tapdiqov, S., EROGLU, M. S., & SENNA-

ROGLU BOSTAN, M., (2023). Microwave assisted ring-o-
pening polymerization of n-caprolactone using organic
acids. Journal of Polymer Research , vol.30, no.8.
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Ars. Gor. Ozlem BUDAK

1. DILBER, G., NAS, A., BUDAK, O., & KOCA, A., (2023).
Chloromanganese and oxo-Titanium (IV) phthalocyani-
nes: Synthesis, electrochemistry and Spectroelectroc-
hemistry. Polyhedron , vol.242.

2.NELI, . U., BUDAK, 0., & KOCA, A., (2023). Improved
photoelectrochemical hydrogen production performan-
ce of reduced graphene oxide-cadmium zinc sulfo-
selenide photoelectrodes prepared by a Facile In-situ
Electrosynthesis method. Electrochimica Acta , vol.458.

23. ONDOKUZ MAYIS UNIVERSITESI
Prof. Dr. Selim CEYLAN

1. Tahir, M. H,, Ali, I, Kaya, E. Y., & Ceylan, S., (2023).
Thermal conversion of waste furniture board under py-
rolytic conditions: Kinetic analysis and produet charac-
terization. FUEL , vol.348.

2. Cakman, G., Ceylan, S., & Balcy, F. S., (2023). Catalytic
Deoxygenation of Oleic'Acid over Synthesized Ni@CMK~
3 Catalyst using Analytical Py-GC/MS and TG-FTIR.
Journal Of Porous Materials , vol.30, no.3, 899-909.

3. Aissaoui, M. H., Trabelsi;A. B. H., Bensidhom, G., Cey-
lan, S., Leahy, J. J., & Kwapinski, W., (2023). Insights into
olive pomace pyrolysis conversion to biofuels and bioc-
hars: Characterization and techno-economic evaluation.
Sustainable Chemistry And Pharmacy , vol.32.

Dog. Dr. Berker FICICILAR

1. Duman, B., & Ficicilar, B., (2023). Development of low-
cost nitrogen- and boron-doped carbon black cathode
catalysts for the improvement of hydrogen-bromine flow
battery cathode kinetics. Journal Of Applied Electroche-
mistry , vol.53, no.7, 1421-1431.

Dr. Ogr. Uyesi Elif Hatice GURKAN

1. Girkan, E. HyAkyol, R. B, & Coruh, S., (2023). Kinetic,
isotherm modeling analyses of the adsorption of phenol
on activated carbon/alginate composites:International
Journal Of Phytoremediation , vol25, no.7, 832-839.

2. Glrkan, E. H., &Berk, Y. (2023). Comparative evaluati-
on of flame retardant performance in rigid polyurethane
foams TCPP TDCP MP' and ATH as promising additives.
Journal of Taibah University for Science, 17(1);:0-0.

Dr. Ogr. Uyesi Burak TEKIN

1. Tekin, B., & ACIKEL, U., (2023). Adsorption Isotherms
for Removal of Heavy Metal Ions (Copper and Nickel)
from Aqueous Solutions in Single and Binary Adsorption
Processes. Gazi University Journal of Science , vol.36,
no.2,495-509.

Ars. Gor. Esma Yeliz KAYA

1. Tahir, M. H,, Ali, ., KAYA, E. Y., & Ceylan, S., (2023).
Thermal conversion of waste furniture board under py-
rolytic conditions: Kinetic analysis and product charac-
terization. FUEL , vol.348.

Ars. Gor. Giillce CAKMAN

1. Cakman, G., Ceylan, S., & BALCIL F. S., (2023). Catalytic
Deoxygenation of Oleic Acid over Synthesized Ni@CMK-
3 Catalyst using Analytical Py-GC/MS and TG-FTIR.
Journal Of Porous Materials , vol.30, no.3, 899-909.
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24. ORTA DOGU TEKNIK UNIVERSITESI

Prof. Dr. Pinar CALIK

1. YAMAN, O. U., & CALIK, P., (2023). MachineTFBS: Mo-
tif-based method to predict transcription factor binding
sites with first-best models from machine learning
library. Biochemical Engineering Journal , vol.198.

Prof. Dr. Giirkan KARAKAS

1. Helvaci, Z. K., KARAKAS, G., & ULUDAG, Y., (2023).
Modelling and simulation of chemical reaction of porous
MgClI2 pellets with NH3 by including impact of heat and
mass transfer and structure change. Turkish Journal of
Chemistry , vol.47, no.3, 572-582.

Prof. Dr. Gorkem KULAH

1. Yasar, M., Ozen, G., Selguk, N., & Kiilah, G., (2023). Ef-
fect of Particle Size Distribution and Complex Refraction
Index of Aluminaon Infrared Rocket Plume Signatures.
Combustion Science and Technology .

Prof. Dr. Yusuf ULUDAG

1. Helvaci, Z. K., Karakas, G.,;& Uludag, Y., (2023). Mo-
delling and simulation of chemical reaction of porous
MgCI2 pellets with NH3 by including impact of heat and
mass transfer and structure change. Turkish Journal of
Chemistry , vol.47, no.3, 572-582.

Doc: Dr. Emre BUKUSOGLU

1. AKMAN, A., & BUKUSOGLU, E., (2023). Understanding
directed assembly of concentrated nanoparticles at
energetically heterogeneous interfaces of cholesteric
liquid crystal droplets. Journal of Colloid and Interface
Science ,vol.649; 772-784.

2. Dinc, R. U,, & Bukiisoglu, E.; (2023). Controlled release
of microcargo from water-in-liquid crystal emulsions
via interfacial shear induced by synthetic microstirrers.
SOFT MATTER, vol.19, no.23, 4304-4314.

Dog. Dr. Nazli iLERI ERCAN

1. Gul, G., Faller, R., & ileri Ercan, N., (2023). Coarse-gra-
ined modeling of‘polystyrene-modified CNTs and their
interactions.with lipid bilayers. Biophysical Journal ,
vol.122,10.10, 1748-1761.

Dr. Ogr. Uyesi Bahar ipek TORUN

1. Ali, M., DILEK, F. B., & IPEK TORUN, B., (2023). Prepa-
ration of chabazite based Fenton-like heterogeneous
catalyst and its organic micropollutant removal perfor-
mance. Sustainable Chemistry and Pharmacy , vol.31.

Dr. Ogr. Uyesi Harun KOKU

1. Geng, $., & KOKU, H., (2023). A preliminary techno-e-
conomic analysis of photofermentative hydrogen produ-
ction. International Journal of Hydrogen Energy .

Dr. Ogr. Uyesi Necip Berker UNER

1. Wang, J., UNER, N. B., Dubowsky, S. E., Confer, M. P,,
Bhargava, R., Sun, Y., ... Zhou, Y.(2023). Plasma Electroc-
hemistry for Carbon-Carbon Bond Formation via Pinacol
Coupling. Journal of the American Chemical Society ,
vol.145, no.19, 10470-10474.
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25. PAMUKKALE UNIVERSITESI
Prof. Dr. Necip ATAR

1. Capar, N, Yola, B. B., Polat, i, Bekereciogluy, S., Atar,

N., & Yola, M. L. (2023). A zearalenone detection based
on molecularly imprinted surface plasmon resonance
sensor including sulfur-doped g-C3N4/Bi2S3 nanocom-
posite. Microchemical Journal, 109141.

2. Mavioglu Kaya, M., Deveci, H. A, Kaya, i., Atar, N., &
Yola, M. L. (2023). The Electrochemical Detection of
Ochratoxin A in Apple Juice via MnCO3 Nanostructures
Incorporated into Carbon Fibers Containing a Molecu-
larly Imprinting Polymer. Biosensors, 13(8), 760.

3. Deveci, H. A., Mavioglu Kaya, M., Kaya, L., Bankoglu
Yola, B., Atar, N., & Yola, M. L. (2023). Bisphenol a imprin-
ted electrochemical sensor based on graphene quantum
dots with boron functionalized g-c3n4 in food samples.
Biosensors, 13(7), 725.

4. Capar, N., Polat, i.,Yola, B. B., Atar, N., & Yola, M. L.
(2023). A novel molecular imprinted Q€M sensor based
on MoS2NPs-MWCNT nanocomposite for zearalenone
determination. Microchimica Acta, 190(7),-262:

Dog. Dr. Tufan TOPAL

1. Demircali;A., & Topal,T: (2023). Synthesis, theoretical
calculations, X-ray, HS and energy framework analysis,
molecular docking of amino pyrazole containing azo dye
and its inhibition activity of COVID-19 main protease.
Journal of Molecular Structure, 1288, 135782.

26. SIVAS CUMHURIYET UNIVERSITESI

Prof. Dr. Ayten ATES

1. Ates, A., (2023). The effect of microwave and ult-
rasound activation on the characteristics of biochar
produced from tea waste in the presence of H3PO4 and
KOH. BIOMASS.€CONVERSION AND BIOREFINERY ,
vol.13, n0.10;9075-9094.

2. Missaoui, F., Trablsi, K., Moufida, K., Ates, A., Mah-
moud, A., Boschini, F., ... Ben Rhaiem, A.(2023). Structu-
ral, dielectric and transportproperties-of NaxFel /2M~
nl/202 (x =1and 2/3). RSC Advances , vol.13;:n0.26,
17923-17934.

3. Ates, A., Mert, Y., & Timko, M. T., (2023). Evaluation
of characteristics of raw tea waste-derived adsorbents
for removal of metals from aqueous medium. BIOMASS
CONVERSION AND BIOREFINERY , vol.13, no.9, 7811-
7826.

Prof. Dr. Ugur ULUSOY

1. Sun, Y., By, X., Ulusoy, U., Guven, O., Vaziri Hassas,
B., & Dong, X., (2023). Effect of surface roughness on
particle-bubble interaction: A critical review. Minerals
Engineering , vol.201.

2. Burat, F,, Ding, N. 1., Dursun, H. N., & Ulusoy, U.,
(2023). The Role of Particle Size and Shape on the Reco-
very of Copper from Different Electrical and Electronic
Equipment Waste. Minerals, vol.13, no.7.
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Dr. Ogr. Uyesi Zafer CIPLAK

1. YUREKLI BAYAR, E., GETIREN, B., SOYSAL, F., CIPLAK,
Z.,YILDIZ, N., & BAYRAKTAR, E., (2023). Graphene
oxide/polyaniline/silver nanocomposite synthesis and
photothermal performance. Materials Research Bulletin
, vol.166.

27. USKUDAR UNIVERSITESI
Dr. Ogr. Uyesi Yaprak OZBAKIR

1. Frick, J. J., Ormsby, R., Li, Z., Ozbakir, Y., Liu, C., Cox,
J.M,, ... & Senesky, D. G. (2023). Autoclave Design for
Microgravity Hydrothermal Synthesis.

2. Cox, J. M., Frick, J. I, Liu, C., Li, Z., Ozbakir, Y., Carraro,
C,, ... & Senesky, D. G. (2023). Thermal conductivity of
macroporous graphene aerogel measured using high re-
solution .comparative infrared thermal microscopy. arXiv
preprint arXiv:2305.09033

Dr.0gr. Uyesi Aysun ipek PAKSOY

1. Merkouri, L. P.;;Paksoy, A. I, Ramirez Reina, T., & Du-
yar, M. S. (2023). The Need for Flexible Chemical Synthe-
sis and How Dual-Function Materials Can Pave the Way.
ACS catalysis, 13, 7230-7242.

Ars.Gor. Ozlem SIMSEK

1. Abunima, H., Pektas, B., Kopacak;N.; & Simsek, O.
(2023, July). Mixed Integer Linear Programming Model
For Optimizing University Exam Schedules. In 9th
International IFS and Contemporary Mathematics and
Engineering Conference (p. 135).

30. YALOVA UNIVERSITESI

Prof. Dr. Dilek OZMEN

1.BEKRI, S., OZMEN, D., & OZMEN, A. (2023). Deep
Learning Based Combining Rule for the Estimation of
Vapor-Liquid Equilibrium. Brazilian Journal of Chemical
Engineering, 0-0.

Prof. Dr. Fehime Jiilide HIZAL YUCESOY

1. Hizal Yucesoy, F. J., Kanmaz; N., & Yilmazoglu, M.
(2023). Evaluation of humic acid embedded Chitosan PVA
composite performance in the removal of uranyl ions.
Elsevier BV, 299, 0-0.

Dog. Dr. Hatice Hande MERT

1. Mert, M. S., Mert, H. H., & Aric1, M. (2023). Develop-
ment and properties of n-octadecane kaolinite com-
posites as form-stabilized phase change materials for
energy storage. Journal of Cleaner Production, 410,
137304-0.

2. Bilgin Simgek, E., Mert, H. H., Sozbir, M., & Mert, E. H.
(2023). Sulfonated polyHIPE nanoclay composites with
hierarchically porous structure for efficient removal of
endocrine disrupting hormone from aqueous solution.
Water Environment Research, 95(5), 0-0.
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3. H. H. Mert, E. Bilgin Simsek, Z. Balta, And M. S. Mert,
“Hexagonal boron nitride-loaded macroporous foams
as frameworks for development of n-eicosane-based
composite phase-change materials,” Journal of Thermal
Analysis and Calorimetry, pp. 0-0, Apr. 2023.

4. Bayram, S., Mert, H. H., & Mert, M. S. (2023). Prepara-
tion of n-nonadecane based shape-stabilized composite
phase change materials containing modified kaolinite
clay-doped and determination of their properties. Jour-
nal of the Faculty of Engineering and Architecture of
Gazi University, 38(1), 435-449.

5. Sozbir, M., Bilgin Simsek, E., Mert, H. H., Kekevi, B.,
Mert, M. S., & Mert, E. H. (2023). Renewable terpene-ba-
sed highly porous polymer monoliths for the effective
removal of persistent pharmaceuticals of tetracycline
and ibuprofen. Microporous and Mesoporous Materials,
354, 112509-0.

Dog. Dr. Mehmet BUGDAYCI

1. N. KANMAZ, M. BUGDAYCI, and P,BARAN, “Sol-
vent-free mechanochemical synthesis of TiO2-ethyl
cellulose biocomposite for adsorption of tetracycline
and organic dyes,” JOURNAL OF MOLECULAR LIQUIDS,
vol. 378, pp. 121643-0, May,2023

2. COBAN, O., BUGDAYCI /M., BASLAYICI, S., & ACMA,
M. E. (2023). Combustion Synthesis of B4C TiB2 Nano-
composite Powder Effect of Mg Particle Size on SHS
and Optimization of Acid Leaching Process. Journal of
Superhard Materials, 45, 20-40.

3. KANMAZ, N., BUGDAYCI, M., & BARAN, P. (2023).
Investigation on structural and adsorptive features of
BaO modified zeolite powders prepared by ball milling
technique Removal of tetracycline and various organic
contaminants. MICROPOROUS AND MESOPOROUS
MATERIALS, 354, 112566-0.

4. S. BASLAYICI, Mt BUGDAYCI, K. BENZESIK, O. YUCEL,
and M. E. AGMA, “Corrosion behavior of hydroxyapatite
coated AZ31 and AZ91 Mg alloys by electrostatic spray
coating,” International Journal of Materials Research,
vol. 113, no. 2, pp. 93-100, Jan. 2022:

5. 0. COBAN, M. BUGDAYEI, and M. E. ACMA, “Produc-
tion of B4C-TiB2 composite powder by self-propagating
high-temperature synthesis,” Journal of the Australian
Ceramic Society, no. 58, pp. 777-791, Mar. 2022.

Doc. Dr. Mesut YILMAZOGLU

1. F. J. Hizal Yiicesoy, N. Z. Kanmaz Kelesoglu, And M. Yil-
mazoglu, “Evaluation of humic acid embedded Chitosan
PVA composite performance in the removal of uranyl
ions,” Materials Chemistry And Physics, vol. 299, pp.
127483-0, Apr. 2023.

2. M. Yilmazoglu, F. Bayiroglu, H. Erdemi, U. Abaci, and
H. Y. Guney, “lonic liquid incorporated SPEEK Chitosan
solid polymer electrolytes ionic conductivity and diele-
ctric study,” Journal Of Solid State Electrochemistry, Pp.
0-0, Feb. 2023.

3. M. Yilmazoglu, N. Z. Kanmaz Kelesoglu, and F. J. Hizal
Yiicesoy, “Highly efficient sulfonated poly ether ether
ketone SPEEK adsorbent for removal of uranium VI
from aqueous solution,” Process Safety And Environ-
mental Protection, pp. 0-0, May 2023.
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Ars. Gor. Ekin SELVI

1. SELV], E., KABA, M., MUHAFFEL, F,, VANLL, A. S., &
BAYDOGAN, M. (2023). Elevated Temperature Wear
Behavior of AZ91 Magnesium Alloy After Micro-Arc
Oxidation in Single and Dual Phase Electrolytes. ASME
International, 145(7), 0-0.

Ars. Gor. Nergiz Zeynep KANMAZ KELESOGLU

1. KANMAZ KELESOGLU, N. Z., BUGDAYCI, M., & BARAN,
P. (2023). Solvent-free mechanochemical synthesis of
TiO2-ethyl cellulose biocomposite for adsorption of tet-
racycline and organic dyes. Journal of Molecular Liquids,
378, 0-0.

Dr. Ogr. Uyesi Oya Irmak CEBECI

1. CEBECI, O. I., DUNDAR, A. N., UZUNER, K., PARLAK, M.
E., DAGDELEN, A. E, & SARICAOGLU, F. T. (2023). Lyophi-
lized nano-liposomal system for red onion Allium cepa L
peel anthocyanin Characterization bioaccessibility and
release kinetics. Food Bioscience, 0-0.

2. DUNDAR, A: N .CEBECI, O. L,PARLAK, M. E., & SA-
RICAOGLU, F. T. (2023). Drying kinetics and change in
bioactive compounds of edible flowers Prunus domesti-
ca. Wiley, 0-0.

3. CEBECI, O. I., Uzuner, K., DUNDAR, A. N., PARLAK,

M. E., GUL, L. B., DAGDELEN, A. F., ... SIMSEK, S. (2023).
Functional properties and bioaccessibility of alginate
based phycocyanin-honey hydrogels. LWT-Food Science
and Technology, 184, 0-0.

Dr. Ogr. Uyesi Ozlem TUNA

1. BILGIN' SIMSEK; E;; & TUNA, O. (2023). Boosting redox
cycle and increased active oxygen species.via decora-
tion of LaMnO3 spheres with CeO2 flowers to promote
Fenton-like catalytic degradation of various organic
contaminants. Optical Materials, 137(113564), 0-0.

2. BILGIN SIMSEK, E., & TUNA, O. (2023). Unravelling
the synergy of Ce dopant and surface oxygen vacancies
confined in FeTiO3 perovskite for peroxymonosulfate
activated degradation of wide range of pollutants. Jour-
nal of Physics and Chemistry of Solids, 176(111276), 0-0.

32°YLDIZ TEKNIK UNIVERSITESI
Prof. Dr. Hasan SADIKOGLU

1. Aynali, F., DOGANCI, E., Balci, H., Cetin, M., Ozkoc, G.,
& SADIKOGLU; H., (2023). Preparation and characteri-
zation of poly(lactic acid)-based contact-active anti-
microbial surfaces. Journal of Coatings Technology and
Research , vol.20, no.4, 1459-1475.

Prof. Dr. Aysel KANTURK FIGEN

1. Coskuner Filiz, B., Kinsiz , B. N., Kili¢ Depren, S., &
Kantiirk Figen, A., (2023). Regeneration of Co-based
bead type catalyst in ammonia borane hydrolysis for
hydrogen generation: Artificial neural networks and
response surface methodology. JOURNAL OF CLEANER
PRODUCTION , vol.419, no.0, 1-13

Prof.Dr. Dilek KILIC

1. Mutlu, H., & Apar, D. K., (2023). Conventional and soni-
cation-assisted biosorption of Remazol Orange RGB dye
by active kefir biomass Aktif kefir biyokiitlesi ile Remazol
Turuncu RGB boyar maddesinin konvansiyonel ve soni-
kasyon destekli biyosorpsiyonu. Journal of the Faculty
of Engineering and Architecture of Gazi University ,
vol.38, no.4, 1979-1993.
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Prof.Dr. Azmi Seyhun KIPCAK

1. Sevim, S., Ozyalgin Geng, Z. O., & Kipgak, A. S., (2023).
Drying and Rehydration Characteristics of Microwave
Dried Mytilus edulis. TURKISH JOURNAL OF FISHERIES
AND AQUATIC SCIENCES , vol.23, no.12, 1-10.

Dog¢.Dr. Nurcan TUGRUL

1. Yilmaz, A., & Tugrul, N., (2023). Effect of Ultra-
sound-Microwave and Microwave-Ultrasound Treat-
ment on Physicochemical Properties of Corn Starch.
ULTRASONICS SONOCHEMISTRY , vol.98, no.1, 1-6.

Doc.Dr. Nil ACARALI

1 Cimar Koyuncu, R. M., & Acarali, N., (2023). Fabrication
and Evaluation of Poly(2-hydroxyethyl methacrylate)/
Eudragit L-100 Hydrogels with Fusidic Acid to Promote
Eczema Treatment. ACS OMEGA , vol.8, no.30, 27419~
27428.

2.Cetiner, E., Bayburt, A., & Acarali, N., (2023)-A novel
aspect on different preservation methods for tomato
paste by examining the protective effect of herb and
spice oils. FOOD CHEMISTRY , vol.427, 1-9.

Dog¢.Dr. Elgin YILMAZ

1.Ucar, E., Dogu, M., Demirhan, E., & Krause, B., (2023).
PMMA /SWCNT Composites with Very Low Electrical
Percolation Threshold by Direct Incorporation and
Masterbatch Dilution and Characterization of Electrical
and Thermoelectrical Properties. Nanomaterials , vol.13,
no.8.

Dog.Dr. Miige SARI YILMAZ

1. Qulatein, H. A., & SARI YILMAZ, M., (2023). Preparati-
on of low-cost and non-conventional macroalgae-based
biosorbent for fast and effectively selective dye adsorp-
tion. Materials Chemistry and Physics , vol.303.

2. Vasseghian, Y, SEZGIN, D., Nguyen, D. C,, Hoang, H. Y,,
& SARI YILMAZ, M., (2023). A hybrid nanocomposite ba-
sed on CuFe layered double hydroxide coated graphene
oxide for photocatalytic degradation of trimethoprim.
Chemosphere , vol.322.

3. Mirkovic, M., Sar1 Yilmaz, M., Kljajevic, L., Pavlovic, V.,
Ivanovic, M., Djukic, Ds, ... Eren, T.(2023). Design of PET
and Amine Modified Metakaolin-Brushite Hybrid Poly-
meric Composite Materials for CO2 Capturing. POLY-
MERS, vol.15, no.7, 1669-1683.

4. Sar1 Yilmaz, M., (2023). Preparation and CO2 cap-
ture performances of KIT-6@reduced graphene oxide
composites. JOURNAL OF POROUS MATERIALS , vol.1,
no.12, 1-9.

5. SARI YILMAZ, M., (2022). Graphene oxide/hollow
mesoporous silica composite for selective adsorption of
methylene blue. MICROPOROUS AND MESOPOROUS
MATERIALS, vol.330.

Dog.Dr. Dilek DURANOGLU DiNGER

1. Kol, Z. B., & Duranoglu Dinger, D., (2023). Modelling of
Basic Yellow 28 adsorption onto activated carbon: batch
and continuous process. PIGMENT AND RESIN TECH-
NOLOGY , vol.52, no.6, 1-8.

Dr.0gr.Uyesi Sennur DENIZ

1. Alpaslan Giiler, C., & DENIZ, S., (2023). The effect of
different clay types on the barrier properties of PLA/
PBAT/clay bio-nanocomposite packaging films. Journal
of Dispersion Science and Technology .
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Dr.Ogr.Uyesi Semra KIRBOGA OKUMUS

1. ONER, M,, Kirboga, S., ABAMOR, E. $., Karadas, K., &
Kral, Z., (2023). The influence of silicon-doped hydroxya-
patite nanoparticles on the properties of novel bionano-
composites based on poly(3-hydroxybutyrate-co-3-hyd-
roxyvalerate). Express Polymer Letters , vol.17, no.4,
417-433.

Ars.Gor. Mert Akin INSEL

1. Aydin, T., Koroglu, N., Albayrak, N., & insel, M. A.,
(2023). Serial progesterone levels more accurately predi-
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