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ABSTRACT :

With the developing technology in recent years, innovative products find use in many areas of life. Wearable
technologies have a wide range of impact, from healthcare to education, from tourism to applications for the
disabled. While these technologies make it easier to monitor people's health, they can enrich the learning
experience in education and offer important opportunities in many areas. From a health perspective, while it has
advantages such as management of chronic diseases, personalized health monitoring and rapid health access,
disadvantages such as privacy concerns, technological problems and cost should not be ignored.

In the future, wearable technologies may have major impacts in areas such as the ability to send signals in health
emergencies, virtual reality experiences in the entertainment industry, augmented reality applications in tourism
and guidance for the disabled. It is envisaged that these technologies, combined with fashion and functionality,
will bring new markets and areas of use. In the future, a great change and progress is expected in the field of
wearable technologies in a wide range of application areas. In this study, sensor data obtained while users
interacted was used. Fuzzy logic method was used to determine the activity and acceleration of motion sensors
within a certain time period from raw sensor data.

Keywords: Wearable Technologies, Motion sensor, Fuzzy logic, Wearable sensor

Giyilebilir Teknolojiler: Giyilebilir Sensor ve Hareket
Sensor Verilerinin Bulamik Mantik ile Tespiti

OZET

Son yillarda gelisen teknoloji ile birlikte yenilikgi tirlinler hayatin pek ¢ok alaninda kullanim alani bulmaktadir.
Giyilebilir teknolojiler, saglik hizmetlerinden egitime, turizmden engellilere yonelik uygulamalara kadar genis
bir etki alanina sahiptir. Bu teknolojiler, insanlarin saglik takibini kolaylastirirken, egitimde 6grenme deneyimini
zenginlestirebilir ve bircok alanda 6nemli firsatlar sunabilir. Saglik agisindan bakildiginda, kronik hastaliklarin
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yonetimi, kigiye Ozgii saglik takibi ve hizli saglik erigimi gibi avantajlar1 bulunurken, gizlilik endiseleri,
teknolojik sorunlar ve maliyet gibi dezavantajlar da gz ardi edilmemelidir.

Gelecekte, giyilebilir teknolojilerin saglikta acil durumlarda sinyal gonderme yetenegi, eglence sektoriinde sanal
gerceklik deneyimleri, turizmde artirilmis gerceklik uygulamalart ve engellilere yonelik rehberlik gibi alanlarda
biiyiik etkileri olabilir. Bu teknolojilerin moda ve islevsellikle birleserek yeni pazarlari ve kullanim alanlarini da
beraberinde getirecegi Ongoriilmektedir. Gelecekte giyilebilir teknolojiler alaninda, ¢ok g¢esitli uygulama
alanlarinda biiyiik bir degisim ve ilerleme beklenmektedir. Bu ¢alismada, kullanicilar etkilesim halindeyken elde
edilen sensor verileri kullanilmigtir. Ham sensor verilerinden hareket sensorlerinin belirli bir zaman dénemi
icinde aktivitesini belirlemek ve ivmelenmesini tespit etmede Bulanik mantik yontemi kullanilmistir.

Anahtar Kelimeler: Giyilebilir teknoloji, Hareket sensorii, Bulanik mantik, Giyilebilir
Sensor.

1. INTRODUCTION

The concept of wearability is particularly important in areas such as healthcare, wellness, and
fitness/sports tracking. Wearable technology is portable devices that allow users to retrieve
information and facilitate user interaction. Wearable technology products are designed as
special electronic tracking devices that are synchronized to a computer or smartphone to
provide long-term data tracking, in many cases wirelessly. Rings, smart glasses, smart
watches, bracelets, etc. They are state-of-the-art wearable computers that can be integrated
into various parts of used objects in different ways, such as [1]. Technological advances,
miniaturized electronic devices, data storage improvements provide greater energy efficiency
[2]. Wearable technologies offer innovative solutions to monitor its user's biometric data
(psychophysiological measurements [3, 4], daily activity and behavior patterns [5] throughout
the day in both formal and informal settings [6, 7].

It can be said that the most interesting among wearable technology products are smart
implants. Implants are products that will always be with the person no matter where they go
or what they do. It can be used by surgically implanting it into the body for health reasons
such as insulin problems, birth control, and blood pressure problems [8, 9]. Current devices
generally fall into two main categories: head-mounted displays and body sensors. These are
portable devices designed to detect or record physiological functions of the human body and
visual devices mounted on the user's head. However, there are deficiencies regarding the
impact of this technology on patients' health [10]. In another study, De Rossi et.al developed a
garment called upper limb kinesthetic garment (ULKG) to detect the posture and movement
of the arm, especially after stroke. ULKG can act as a virtual trainer to treat patients who need
to continue exercises that are vital to regain control of the paralyzed limb and therefore
quality of life. It allows medical staff to monitor multiple patients in real time and

communicate with each individually [11].
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Wearable technology is a type of technology found within electronic devices that is
worn on the body as an accessory or as part of materials used in clothing. One of the most
important features of wearable technology is the ability to connect to the Internet [12]. In a
patient monitoring system architecture using wearable sensors, body-worn sensors
communicate wirelessly with fixed (wireless local area network) or wearable (mobile phone)
gateway devices to transmit sensor data to remote locations. Measurements can be stored
locally in a wearable monitoring device for later transmission or transmitted directly to a
medical center (e.g. over the public telephone network) where the patient's data can be
accessed online using the internet, regardless of the patient's location. Different approaches
are used to detect chest wall movement associated with breathing. (Figure 1). One approach is

to measure linear displacements along the anteroposterior axis of the chest.
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Figure 1. Location of various wearable devices on the body that can estimate ventilation from

Motion sensors

chest surface movement [8].

Wearable technologies offer new opportunities in healthcare by making patient
clinical, behavioral and self-monitoring data more accessible. Wearable technologies
developed from a patient-oriented perspective allow patients to manage their own health
conditions, protect their freedom and perform self-care. However, the integration of these
technologies into healthcare systems and the integration of growing amounts of data into

clinical practices also present several challenges. In this context, how to use the data obtained
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using wearable technology to provide added value to healthcare professionals, healthcare
institutions and patients is an important problem [13]. For developers of this technology, it is
a great challenge to develop solutions that can be easily integrated and used by healthcare
professionals, taking into account existing limitations.

The first examples of wearable technology appeared in China in the 13th century with
abacus-like calculators. Later, in the 17th century, portable time tracking became possible
with pocket watches. With the advancement of technology, wearable devices such as radio
headsets and mobile phones emerged, and in the 21st century, popular wearable technologies
such as smart watches and health monitoring devices were developed. These devices helped

people monitor their activities, track their health data, and communicate. [14].

1.1.Wearable Technologies in Healthcare

Wearable technologies have found a significant area of development in healthcare. It
attracts attention with the benefits it offers especially for the aging population. Malwade et al.
The study conducted by [15] discussed in detail the advantages of these technologies for
elderly individuals and the difficulties in this field. Wearable devices are widely used for
health monitoring and diagnostic purposes due to their comfort and ability to provide daily
care. Various hardware such as skin-based devices, bio-fluid-based devices, and other
competitive wearable technologies play a major role in monitoring and managing various
disease conditions.

Chuah et. get. [16], their study examines the use of smart watches and the effects of
perceived usefulness and visibility on usage intention. The findings show that perceived
usefulness and visibility determine the attitude towards the use of smartwatches, which in turn
translates into usage intention. The research makes a significant contribution to understanding
user perception of wearable technologies and developing strategies. The study emphasizes
that wearable technologies include both technology and fashion dimensions and discusses
different approaches from a managerial perspective. Chuah et al.'s study provides a
foundation for understanding the impact of smartwatches, as well as other wearable
technologies, on consumers' perceptions and reactions.

One of the topics highlighted in the articles is the relevant techniques used to monitor
different biological and chemical parameters. Studies have discussed the effectiveness and
applicability of wearable technologies in monitoring basic parameters such as blood pressure,

heart rate and sweat rate. Additionally, various applications of wearable devices in monitoring
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physiological and psychological parameters and their potential future impact in these areas
have also been extensively studied. However, the current limitations and future development
possibilities of these devices have also been evaluated in detail. This information provides
important insight into the potential of wearable technologies for healthcare to improve the
quality of life of the aging population.

He notes that continuous and real-time monitoring technologies play a critical role in
the management of individuals with chronic diseases. According to the World Health
Organization (WHO), chronic diseases account for the vast majority of all deaths worldwide
and also cause high economic costs. Therefore, different approaches are needed to monitor
and diagnose conditions such as cardiovascular diseases, diabetes and neurological disorders.
In this context, HWDs (Wearable Health Devices) stand out as an effective strategy. HWDs
help us understand changes in the human body and contribute to the prevention and treatment
of diseases. For example, wearable biosensors are used to measure different biopotentials (e.g.
ECG, EMG, EEG, EOG) and improve the healthcare system by reducing the burden on
hospitals and providing more reliable and timely information. Studies examine in detail skin-
based HWDs, textile-based HWDs, tattoo-based HWDs, and wearable devices for drug
delivery systems, highlighting the important contributions of these devices in the field of
healthcare [16].

Wearable devices include input mechanisms for collecting clinical and environmental
data, processing units for real-time processing of this information, and output mechanisms
that provide feedback or control functions. Wearable devices have a variety of applications,
including assisting doctors with care services, remote monitoring, rehabilitation support, and
electronic patient records. They can also be used as health trackers or fitness aids for healthy
individuals [17]. Integrating telemetric features into wearable devices is compatible with
mainstream healthcare and allows citizens to transmit their health data from anywhere,
anytime. There are also advances in more complex multi-signal monitoring and decision

support devices developed for astronauts and military personnel (Figure 2).
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Figure 2. Wearable devices in various fields of application [29]

It is noteworthy that the majority of studies on developed wearable systems are on
monitoring heart movements. Heart rhythm and oxygen levels can be monitored with these
systems. Original Holter monitors require the patient to carry a relatively large device with
several wires leading to electrodes placed on the chest. Newly developed patch-like devices
can be worn unnoticed by the patient and benefit from wireless data transfer. Some of these
devices also provide more advanced capabilities, such as the ability to measure respiration
and skin temperature. Suzuki et.al. In the system developed by [7], ECG, pulse and body
temperature information coming from a sensor that can be placed on the chest in the form of a
patch can be transferred to a smartphone via Bluetooth connection for 24 hours.

Pulse and oximetry measurements can also be made with recently developed smart
watches. Wang et al. It has been stated that 10% stronger signals can be obtained with the
PPG (Photoplethysmogram) system developed by [6], which is attached to the earlobe and
uses multiple LED lamps and photodiodes, compared to measurements made from the finger.
A new and interesting trend is the use of headphones that combine audio features with pulse

oximetry and step counting (Figure 3).
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1.2.Wearable Technologies in Education

With the development of information and information technologies, communication
types and learning-teaching methods also change. The most important impact of technological
developments in the field of education is that they provide access to various data sources and
content at increasing speeds. Bower and Sturman, 2015 examined the possibilities that
wearable technologies can offer in education. This study provides a comprehensive look at
how wearable technologies can be evaluated in the field of education, especially what
opportunities they offer in terms of pedagogy. The authors investigate how wearable
technologies can be integrated into learning processes and how students and teachers can use
these technologies effectively. The article reveals the potential that wearable technologies can
offer in education through analysis and literature review on a sample of 66 international
educators. These potentials include pedagogical uses such as communication, student
participation and interaction, recording, simulation, as well as elements that increase learning
efficiency and logistical advantages. The article discusses the benefits of wearable
technologies in education as well as potential problems. In particular, issues such as
distraction, excessive technology addiction, and privacy concerns point to the difficulties that
may be encountered in the use of these technologies. This study provides a guide on how
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wearable technologies can enrich classroom experiences and offers an important perspective
on how the role of these technologies in education can be shaped [18].

With the use of wearable technology, children with autistic syndrome can be
monitored and alerts can be generated when certain limits are crossed. Thus, the safety of
autistic children in the school environment can be increased. In studies conducted in areas
where wearable technologies are used, various benefits of these technologies to education are
mentioned [19, 20]. Increasing students' interest in the lesson, changing their learning
experiences, offering new learning areas, increasing their participation in the lesson,
improving their learning, providing feedback during the lesson, and providing faster access to
information can be counted among the benefits of wearable technologies. In addition to its
benefits, it also has disadvantages such as data security risk, confidentiality of personal
information, software development, education quality, cost and technical problems. In the
study of Sezgin, 2016, the possible contributions of wearable technologies to the field of
education were discussed by classifying them according to the studies in the literature, their
theoretical foundations and results. Recommendations are presented for studies on the
educational use of these
1.3. Advantages and Disadvantages of Wearable Technologies

* Management of Chronic Diseases: Remote monitoring systems and wearable devices
can help individuals with chronic diseases monitor their health status. This may reduce the
need for regular doctor visits.

* Personalized Health Tracking: These technologies allow individuals to monitor their
own health data more closely. Data such as pulse, sleep patterns, and physical activity can be
continuously monitored.

» Fast and Remote Access: Healthcare professionals can access patients' health data
quickly and remotely, so they can intervene faster.

However, some disadvantages should not be ignored:

* Privacy and Security Concerns: The collection and transmission of personal health
data may raise privacy concerns. The security of this data and the risk of misuse is important.

» Technological Problems and Incorrect Data: If wearable devices have technical
malfunctions or provide incorrect data, an accurate health assessment may not be possible.

» Cost: Some wearable technologies can be high-cost, which can limit their

accessibility.
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It is clear that such technologies have significant potential in the field of healthcare.
However, to realize this potential, important issues such as privacy, security and accuracy
need to be addressed [22].

1.4. The Future and Impacts of Wearable Technologies

Wearable technologies may have the potential for great impact in the future in areas
such as health monitoring, entertainment, tourism and disability assistance. These
technologies can monitor health indicators, send automatic signals in case of emergencies,
and share users' location with emergency services. For example, it can detect a drop in insulin
levels and inject the required amount into the body.

In the entertainment industry, wearable technologies can drastically change the
gaming industry. It allows users to experience virtual environments as if they were real.
Motion detection devices, on the other hand, can detect real movements without the need for
tools such as a keyboard or joystick.

In the field of tourism, augmented reality integrated wearable technologies allow
people to virtually tour cities or tourist attractions without visiting them. Tourism agencies
can show customers hotels in virtual 3D format, so they can make the right choices.

For people with disabilities, wearable technologies have the potential for great impact.
For the visually impaired, smart glasses can provide guidance. For the hearing impaired,
smart glasses can detect sound and convert it into text format and display it.

Overall, wearable technologies can have major impacts in many areas such as
healthcare, entertainment, tourism and disability assistance. With the spread of these
technologies, new opportunities and services may emerge [23].

Wearable technologies represent an extremely exciting market. In every field, from the
field of personal hygiene to intensive care hospitals, textile products with specific medical
properties and functions are always of vital importance. Unlike functional products such as
wound dressings, diapers, and face masks, truly intelligent wearable technologies are products
that can combine the functionality of sophisticated medical devices with the comfort and user-
friendliness of clothing products. This type of clothing has emerged as a synthesis of recent
developments in different fields such as advanced material processing, polymer research,
microelectronics, sensor technologies, telecommunications and information technology [24,
25].
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The outstanding feature of wearable products is that they not only replace existing
heavy or fixed medical devices, but also offer the opportunity to constantly monitor the body
functions of individuals at risk or measure the performance of workers, drivers, athletes,
emergency personnel or soldiers while doing their job, thus opening up completely new
markets. is that it allows. The functions of wearable technologies can range widely, from
detection of abnormal conditions to active corrective measures, regardless of whether
intervention is made by the user [24]. These new products have the potential to be combined
with fashion items and other types of clothing.

Smart shirt can contribute to reducing the cost of healthcare, reducing costs while
improving quality of life. For example, a patient undergoing heart surgery at home can wear a
Smart Shirt and ECG can be regularly transmitted to the hospital wirelessly (via mobile
phone, internet, etc.). This monitoring will help the patient feel more “safer” and can facilitate
recovery while also reducing the cost and time associated with recovery. Moreover, in case of
an emergency, the doctor can be notified immediately. Using online medical records, the
doctor can administer the right treatment, at the right time, at the right cost and save a life. For
example, it can be used to monitor mentally ill patients. By treating those suffering from
manic depression or even children with suspected ADD (attention deficit disorder) on a
regular basis, doctors can better understand the relationship between their vital signs and
behavioral patterns so that their treatment can be modified appropriately. Other potential
applications include treating anxiety and phobias. Such medical monitoring of individuals is
critical to the successful implementation of telemedicine, which has become economically
viable in the context of advances in computing and telecommunications, particularly the
Internet [26-32] .

2. MATERIAL AND METHOD

The fuzzy logic tables created in this study were described using the MATLAB program and
the resulting data were examined. The Mamdani method allows us to define expertise in a
more intuitive, more human-like way. Figure 4 shows the fuzzy logic model created with

input and output parameters.

10
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Figure 4. Fuzzy logic method

At the same time, fuzzy logic is rule-based to produce an information output. Figure 5
shows the fuzzy logic rule table. In the study, the type of membership functions used in the
input sets is the Generalized Bell Membership Function (GBellMF) method, and the type of
membership functions used in the output sets is the Generalized Bell Membership Function
(GBellIMF) method, thus the trapezoidal shape, which is a geometric shape, is obtained. Our
input membership functions, Time (milliseconds), were chosen at three intervals, Sample
Index at ten, and our output membership functions, breaking acceleration, at sixteen intervals.
It was created with a hundred and thirty rule base in order to understand the effect of the

relationship between the determined membership functions on the result.

11
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File Edit View Options

2. If (Time(miliseconds) is mf1) and (Sample.index is mf2) then (Acceleration is mfS) (1)
3. If (Time(miliseconds) is mf1) and (Sample.index is mf3) then (Acceleration is mf4) (1)
4. If (Time(miliseconds) is mf1) and (Sample.index is mf4) then (Acceleration is mf10) (1)
S. If (Time(miliseconds) is mf1) and (Sample.index is mfS) then (Acceleration is mf1) (1)
6. If (Time(miliseconds) is mf1) and (Sample.index is mf6) then (Acceleration is mf2) (1)
7. If (Time(miliseconds) is mf1) and (Sample.index is mf7) then (Acceleration is mfS) (1)
|8. If (Time(miliseconds) is mf1) and (Sample.index is mf8) then (Acceleration is mf6) (1)
9. If (Time(milliseconds) is mf1) and (Sample.index is mf9) then (Acceleration is mfS) (1)
10. If (Time(miliseconds) is mf1) and (Sarnple.:hdex is mf10) then (Acceleration is mf6) (1)

Figure 5. The fuzzy logic rule

3. RESULT AND DISCUSSION

In motion sensors, acceleration and deceleration create a minimum and a maximum in the
acceleration curve. The graphs below show movements on the X and Y axis and up-down
acceleration patterns. Figure 6 shows the acceleration graph for X-axis.

12
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Figure 6 helps to find out what is happening with the motion sensor. In the X-axis, a

deceleration with a value of -2.2 is defined, followed by an acceleration with a value of 1.4.
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Figure 7. Relationship between sample index and acceleration for X-axis
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In the acceleration graph on the X-axis, acceleration becomes 2.2 at a sample index
value of 235, acceleration becomes -0.1 at a sample index value of 250, acceleration becomes
2.1 at a sample index value of 265, acceleration reaches a value of -2.4 at a sample index
value of 280. These data are interpreted to coordinate the distances of movements using the

graphs above. Figure 8 shows the acceleration graph for Y-axis.

Acceleration

Time(miseconds)

Sarmple Index

Figure 8. Acceleration graph for Y-axis
Given the y-axis, we can make inferences between the distances and directions of their

movements. In the Y axis, a deceleration with a value of -1.2 is defined, followed by an

acceleration with a value of 0.9.
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Figure 9. Relationship between sample index and acceleration for Y-axis

In the acceleration graph on the Y axis, the acceleration is 1.3 at 140 sample index
value, 0.1 at 155 sample index value, 1.2 at 180 sample index value, and -0.6 at 200 sample
index value. One after another, the sensors show unique acceleration and deceleration

movements.

4. CONCLUSION AND RECOMMENDATIONS

The broad advantages offered by wearable technologies in the healthcare sector and education
are clearly visible. In the field of healthcare, wearable technologies provide a significant
increase in patient monitoring, management of chronic diseases and functionality of
healthcare professionals. These technologies have found various applications that allow
individuals to track their own health data and gain easier access to healthcare. On the other
hand, it is observed that wearable technologies in education have a significant potential such

as student interaction, efficiency and integration into learning processes.

The evolution of wearable technologies in the field of healthcare is bringing a radical

change in modern healthcare. Wearable technologies, which are clinically useful technologies
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in patient diagnosis, treatment and care, stand out thanks to their low cost and ability to
collect data for a long time in any environment. Cloud integration facilitates access to big
data, allowing machine learning algorithms to be applied for new results. However, the lack
of strict data management and appropriate verification standards in this area remains a
significant problem, even though the technology is still maturing. Nevertheless, appropriate
data regulations, widespread verification processes and integration into global networks stand
out as important steps for wearable technologies to realize their potential. On the other hand,
some difficulties that may be encountered in the use of these technologies have also been
noted [27-28]. In particular, issues such as privacy concerns, technical malfunctions and cost
are important points to consider.

Fuzzy logic method was used to determine the activity and acceleration of motion
sensors within a certain period of time. With the fuzzy logic method designed to detect
movement in the X and Y axes, it determined a deceleration with a value of -2.2 in the In this

way, it is possible to make objective evaluation from fuzzy concepts.

Cikar Catismas1 Beyam

Yazarlar arasinda ¢ikar catigsmasi yoktur.

Arastirma ve Yayin Etigi Beyam

Calisma, arastirma ve yayin etigine uygundur.
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OZET:

Geodezik kubbeler, geometrilerinin sagladigi enerji ve yapim maliyetleri ile ilgili faydalarin yani sira,
prefabrikasyona uygunlugu, demonte kolaylig1 gibi diger yapi sistemlerine gore dnemli iistiinliiklere sahiptirler.
Diinya tizerinde ¢ok farkli kullanim alanlarinda tercih edilmektedirler. Kullanim alanina gore de farkli
malzemeler ile insa edilebilirler.

Bu ¢alismada gelik geodezik kubbelerin geometrisine gore, yani geometrik frekans ve geometrik oransal
degerlerine gore, on farkli model igin, alt1 metre standart gelik profil boyu esas alinarak gerekli ¢elik malzeme
tiiketimi belirlenmistir.

Boylece, bu alanda caligan, tasarime1 mithendis ve liretici firmalara belirlenen bir kubbe ¢ap1 veya taban alanina
gore en uygun geometrik modeli belirleme olanagi sunulmus olmaktadir.
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Effects of Geometric Frequency and Geometric
Proportional Values on Steel Material Consumption in
Steel Geodesic Domes

ABSTRACT

Geodesic domes, in addition to the benefits related to energy and construction costs provided by their geometry,
have significant advantages over other building systems such as suitability for prefabrication and ease of
disassembly.They are preferred in many different areas of use around the world. They can be constructed with
different materials depending on the area of use.

In this study, the required steel material consumption are determined for ten different models, based on the six-
meter standard steel profile length, according to the geometry of steel geodesic domes, that is, geometric frequency
and geometric proportional values.

Thus, designer engineers and manufacturing companies working in this field are offered the opportunity to
determine the most appropriate geometric model according to a determined dome diameter or base area.

Keywords: Geodesic domes, Geometric frequency, Geometric rate, Steel consumption
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1. GIRIS

Ozellikle son yillarda, diinya ¢apinda yasanmakta olan pandemi siireci ve yogun sehirlesme
sonucunda insanlar daha fazla doga ile biitiinlesik bir yagam i¢in alternatif ¢6ziim arayislarina
girmistir. Bu arayis ¢ercevesinde insanlar, bilindik yap1 sistemlerinden farkli olarak, tiny house
(kiicik ev), karavan, kubbe vb. tasinabilir, kolay insa edilir, ekonomik yap1 sistemlerine
yonelmislerdir. Geodezik kubbeler, bu amaglar ¢ercevesinde, tercih edilen yapi sistemleri
olmustur. Sekil 1, Sekil 2’de farkli kullanim alanlarinda tercih edilen geodezik kubbe yapi

sistemleri icin drneklere yer verilmistir.

Sekil 2. Geodezik kubbe yapi sistemi

22



Rumeysa Nur ONDER, Zeki AY, “Celik Geodezik Kubbelerde Geometrik Frekans ve Geometrik Oransal
Degerlerin Celik Malzeme Tiiketimine Etkileri”, Yekarum e-Dergi, 9/ 1 (2024) 20-32

Bu c¢alismada, prefabrikasyona uygunlugu ve demonte 6zelliklerinden dolayi, ¢ubuk
kubbeler icerisinde diinyada yaygin olarak kullanilan geodezik kubbelerden biri olan ¢elik
geodezik kubbelerin gap ve geometrik frekans gibi geometri degisimlerine gore malzeme
tiiketimleri incelenmistir.

Bu ¢aligmanin bir geodezik kubbenin dayanikli, kullanisli, estetik bir gériiniimde ve en
Oonemlisi uygun maliyette olmasi i¢in liretici firmalara ve tasarimci miihendislere yardimci

olmas1 amaglanmaktadir.

1.1. Kubbe Sistemler

Kubbeler, tarih boyunca en dayanikli yap1 sistemleri olarak biiyiik acikliklarin gecilmesinde
yapisal form olarak tercih edilmislerdir [1]. 20.yiizyi1lin basindan itibaren gelik malzeme
teknolojisindeki gelismelerle birlikte, 6zellikle biiylik agiklikli yapilarin insasinda celik, bir
yap1 malzemesi olarak kullanilmaya baglanmistir. Glinlimiizde, kagir ve betonarme kubbelerin
yani sira ¢elik kubbeler de yaygin olarak insa edilmektedir [2].

Kubbe sistemler igerisinde yer alan ¢ubuk kubbeler, nerviirlii kubbeler (ribbed domes),
schwedler kubbeler (ag kubbeler), {i¢ dogrultuda 1zgara tek hatli kubbeler, paralel-lamella
kubbeler, ¢ift hatli kubbeler ve geodezik kubbeler olarak siniflandirilmaktadir [1],[3].

Kubbe sistemlerinin geometrileri yarim kiireye benzer. Kiire, ylizey alanina oranla
maksimum hacmi igeren matematiksel bir nesnedir. Dolayisiyla biiylik hacimli bir yapi,
minimum maliyet ile yapilmak istenildiginde yap1 geometrisini kiireye yaklasan bir formda
yapmak olduk¢a mantikli olacaktir [4],[5].

Celik bir kubbe yapilmak istenildiginde, c¢elik elemanlar dogrusal formda
uiretildiklerinden, kiireye yaklasan bir formu yakalamak i¢in ¢elik egrisel elemanlar kullanmak,
yap1 maliyetini oldukga artirmaktadir. Iste bu noktada, gelik bir kubbede dogrusal elemanlar ile
kiire seklini yakalamak i¢in kubbe sistemlerin igerisinde yer alan ve Buckminster Fuller
tarafindan 1954’lerde gelistirilmis geodezik kubbe sistemler uygun bir tercih olacaktir [6]. Sekil

1.’de bir geodezik kubbe modeli 6rnegi verilmistir.
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Sekil 3. Geodezik kubbe modeli 6rnegi [4]

1.2. Geodezik kubbeler ve geodezik kubbelerin geometrileri

Geodezik kubbelerin matematiksel bir model olarak olusturulmasinda en belirleyici form
kiiredir. Dogrusal cubuklar ile kiireye yakin bir geometri elde edilmek istenildiginde, ¢gubuklar
ile liggenler olusturularak geodezik kubbe ylizeyi mozaiklenmektedir. Ayrica gubuklar, dortgen
formda da birlestirilebilir. Fakat cubuklar dortgen formda birlestirildiginde, c¢ubuklarin
birlestigi noktalar tamamen rijit degilse bu noktalar donebilir. Bu nedenle, geodezik kubbe
yilizeyinde liggenler kullanmak dogru olacaktir. Ayni zamanda bu iiggenlerin eskenar iiggen
olmalar1 yapiya gelen yiikiin tiim ¢ubuk elemanlara esit olarak dagilmasini da saglayacaktir [5].

Geodezik kubbelerin temelini Platonik katilar olusturur. 20 eskenar iiggen yiizden
olusan ve ayni zamanda Platonik bir kat1 olan icosahedron, geodezik kubbelerin geometrileri
icin en ¢ok tercih edilen kat1 olmaktadir. Icosahedronun 12 kdsesinden ise tam bir kiire gecer
[4].

Icosahedronun, her bir iliggen yiizii daha kiigiik liggenlere boliindiiglinde farkl
frekanslarda icosahedronlar olusur. Olusan bu kiiclik liggenlerin koseleri de kiire ylizeyine
tasinirsa, ortaya geodezik kiireler ¢ikar. Iste bu geodezik kiireler, geometrik oransal ifadelere
gore boliintip kubbe haline getirildiginde, bir geodezik kubbenin geometrisi tamamlanmais olur
[4].

Geodezik kubbeler, farkli geometrik frekans degerlerinde modellenebilir. Geometrik
frekans degisimleri, yapisal dayanim ve maliyet degerlendirmesinde biiylik 6nem tasir. Frekans
ne kadar yiiksek olursa, lineer gubuklar ile olusturulan kubbe o kadar ¢ok yarim kiireye

benzeyecektir.
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1.3.Geodezik kubbelerin tasarimi

Geodezik kubbelerde kullanim amacina bagli olarak istenilen taban alani esas alinarak c¢ap
belirlenmektedir. Daha sonra ¢ap ile kullanim amaci dogrultusunda segilen kaplama, yapiya
gelen yiikler goz Oniine alinarak geometrik frekans ve geometrik oransal ifade se¢imi yapilir.
Bu se¢imin yapilabilmesi igin, bir diger onemli nokta ¢ubuk eleman giderinin ve buna bagh
olarak meydana gelen cubuk eleman zayiatinin 6ngdriilebilmesidir. Bilinmelidir ki, kii¢iik ¢apl
kubbelerin yiiksek geometrik frekans degerine sahip olmasi gereksiz yere birim alana diisecek
olan malzeme miktarini artirmaktadir. Bu durum, birim alandaki yap1 maliyetini olumsuz yonde
etkileyecektir. Diger taraftan, bliyiik capli kubbelerin diisiik geometrik frekans degerine sahip
olmas1 gubuk eleman boylarinin biiyiik olmasina ve dolayisiyla gubuklarin burkulma boylarimin
bliylimesine neden olacagi i¢in yapida yerel ya da tiimsel stabilite bozukluklari ortaya
cikacaktir. Bu durumda, yapinin stabilitesini saglayabilmek amaciyla eleman kesitleri
biiyliyecektir. Ayrica, celik elemanlarin iiretimi sadece boy olarak degil enkesit olarak da
standart oldugu i¢in yapisal tasarim sonucunda tam olarak gerekli enkesite sahip profil
kullanma olasilig1 oldukga diisiiktiir. Bu nedenle ¢ogu zaman, gereginden daha biiyiik enkesitli
profiller kullanmak zorunda kalinir. Biiyiik enkesitli elemanlar kullanilmasi montaj maliyetini
yiikseltmekle beraber ¢elik malzeme giderinin de artmasi sonucunda yapir maliyetini

yiikseltecektir.

2. MATERYAL ve METOT

2.1.Materyal

Bir geodezik kubbenin statik tasariminda, oncelikle, secilen c¢apa, geometrik frekansa ve
geometrik oransal ifadeye gore geodezik kubbenin geometrisi belirlenir. Burada geometrinin
belirlenmesi demek, ¢ubuk boylar1 ve sayilarinin, diigiim noktasi sayilarinin, licgen yiizey
eleman1 boyutlar1 ve sayilarinin belirlenmesi demektir.

Ayn1 capa sahip geodezik kubbelerin, geometrik frekanslarma gore farkli sayilarda
diiglim ve ¢ubuklari olacaktir. Geometrik frekans se¢imi, birim alana diisen ¢ubuk ve diigiim
noktasi sayisini, dolayisiyla, geodezik kubbe maliyetini de dogrudan etkileyecektir. Bu noktada
yapisal optimizasyona ihtiyag ortaya ¢ikar [7].

Bir miihendisin geodezik kubbelerin yapisal optimizasyonunu gergekleyebilmesi i¢in cap,
geometrik frekans ve geometrik oransal ifadelere gore cubuk boyu metrajinin degisimini

bilmesi biiylik 6nem tasimaktadir. Dolayisiyla, bir miihendis, bu ¢alisma sonucglarindan
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faydalanarak farkli caplarda hangi geometrik frekans ve geometrik oransal ifadelerin uygun
olacagina kolayca karar verebilecektir. Yapacagi ¢ok fazla yapisal optimizasyon i¢in emek ve
zaman harcamamis olacaktir. Boylece yapacagi tasarim estetik, kullanishi ve ekonomik bir
tasarim olacaktir.

Bu ¢alismada, model olarak, uygulamada yaygin olarak kullanilan 2v-1/2, 3v-3/8, 3v-
4/9, 3v-5/8, 3v-5/9, 4v 5/12, 4v-1/2, 4v-7/12, 5v-7/15, 5v-8/15 geodezik kubbe modelleri
secilmigtir. Her model i¢in 4m, 6m, 8m, 10m, 12m, 14m, 16m, 18m ve 20m ¢aplar

kullanilmigtir. Asagida Tablo 1°de galismaya esas toplam 90 adet geodezik kubbe modelleri

verilmistir.
Tablo 1. Geodezik kubbe modelleri

Model Cap Model Cap Model Cap Model Cap Model Cap

(m) (m) (m) (m) (m)
2V-1/2 4 3V-4/9 4 3V-5/9 4 av-1/2 4 5V-7/15 4
2V-1/2 6 3V-4/9 6 3V-5/9 6 4V-1/2 6 5V-7/15 6
2V-1/2 8 3V-4/9 8 3V-5/9 8 4V-1/12 8 5V-7/15 8
2V-1/2 10 3V-4/9 10 3V-5/9 10 4V-1/12 10 5V-7/15 10
2V-1/2 12 3V-4/9 12 3V-5/9 12 4V-1/2 12 5V-7/15 12
2V-1/2 14 3V-4/9 14 3V-5/9 14 av-1/2 14 5V-7/15 14
2V-1/2 16 3V-4/9 16 3V-5/9 16 4V-1/2 16 5V-7/15 16
2V-1/2 18 3V-4/9 18 3V-5/9 18 4V-1/12 18 5V-7/15 18
2V-1/2 20 3V-4/9 20 3V-5/9 20 4V-1/12 20 5V-7/15 20
3V-3/8 4 3V-5/8 4 4V-5/12 4 4V-7/12 4 5V-8/15 4
3V-3/8 6 3V-5/8 6 4V-5/12 6 4V-7/12 6 5V-8/15 6
3V-3/8 8 3V-5/8 8 4V-5/12 8 4V-7/12 8 5V-8/15 8
3V-3/8 10 3V-5/8 10 4V-5/12 10 4V-7/12 10 5V-8/15 10
3V-3/8 12 3V-5/8 12 4V-5/12 12 4V-7/12 12 5V-8/15 12
3V-3/8 14 3V-5/8 14 4V-5/12 14 4V-7/12 14 5V-8/15 14
3V-3/8 16 3V-5/8 16 4V-5/12 16 4V-7/12 16 5V-8/15 16
3V-3/8 18 3V-5/8 18 4V-5/12 18 4V-7/12 18 5V-8/15 18
3V-3/8 20 3V-5/8 20 4V-5/12 20 4V-7/12 20 5V-8/15 20

Tablo 1.’de verilen geodezik kubbe modellerinden, 2v-1/2 ve 4v-1/2 modelleri bir
geodezik kiirenin Ekvator’undan tam olarak 2’ye boliinmesiyle olusur. 3v-3/8, 3v-4/9, 4v-5/12,
5v-7/15 modelleri, geodezik kiirenin Ekvator’unun biraz {izerinden boliinmesiyle, 3v-5/8, 3v-
5/9, 4v-7/12, 5v-8/15 modelleri ise geodezik kiirenin Ekvator’unun biraz altindan boliinmesiyle

olusmaktadir [4]. Bu modeller kendi aralarinda basikliklarina gore gruplandirilabilir. Bu

calismada, 2v-1/2 ve 4v-1/2 modelleri normal basikliga sahip kubbeler, 3v-3/8, 3v-4/9, 4v-5/12,
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5v-7/15 modelleri basik kubbeler, 3v-5/8, 3v-5/9, 4v-7/12, 5v-8/15 basik olmayan kubbeler
olarak gruplandirilmistir. Bu sayede, kubbe geometrilerinde 6nemli bir geometrik faktor olan

basiklik kavrami da bu arastirma ¢ergevesinde degerlendirilmis olacaktir.

2.Yontem

2.1 Geodezik kubbelerde cubuk eleman boy hesabi

Geodezik kubbelerin geometrilerinde frekans ve cap iki temel parametredir. Bu ¢alismada, bu
iki temel parametreye bagli olarak geodezik kubbelerin ¢ubuk eleman boylar1 agisindan
metrajlar1 ¢ikarilmistir. Cubuk eleman boylar ile sayilar1 bakimindan aymi captaki farkli
modellerdeki geodezik kubbeler i¢in hazirlanan tablolar Boliim 3’te verilmistir.

Geodezik kubbelerde ¢ubuklar, kubbelerin yapim maliyetini etkileyen parametrelerden
biridir. Cubuk boylari, diiglim noktalarindaki acgilar ile birlikte kubbe geometrisinin
olusumunda 6nemli rol oynarlar. Bu nedenle ¢ubuk boyu hesabinin dogru yapilmasi, geodezik
kubbelerde biiylik 6nem tasir.

Geodezik kubbelerde ¢ubuk boyu, geodezik kubbenin yarigapinin ¢ubuk faktorii denilen
bir katsay1 ile ¢arpilmasi sonucunda elde edilir. Cubuk faktorii, yarigapt bir birim olan bir
kiirede, bir gubuk elemanin iki ucuna dogru ¢izilen iki yarigap arasindaki ¢ubuk boyudur [8].

Bu caligmada tercih edilen 2v, 3v, 4v ve 5v frekans degerine sahip geodezik kubbelerden,
2v-1/2, 3v-3/8, 3v-5/8, 4v-1/2, 5v-7/15, 5v-8/15 Metot-1 ile, 3v-4/9, 3v-5/9, 4v 5/12, 4v-7/12
ise Kruschke yontemi ile modellenmislerdir [9]. Modellenen geodezik kubbelere ait ¢ubuk
faktorii sayilar1 dolayisiyla farkli boydaki ¢ubuk sayilari Tablo 2°de verilmistir.

Tablo 2. Cubuk faktorii sayilart

Model | Yontem | Cubuk Faktorii Sayist

2V-1/2 | Metot-1 2

3V-3/8 | Metot-1

3V-4/9 | Kruschke

3V-5/8 | Metot-1

3V-5/9 | Kruschke

4V-5/12 | Kruschke

4V-1/2 | Metot-1

4V-7/12 | Kruschke

5V-7/15 | Metot-1

|l ool |~ ]|lwWw|W

5V-8/15 | Metot-1
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Bu caligmada kapsaminda degerlendirilen geodezik kubbe modellerine ait cubuk faktorii

degerleri de hesaplanmis ve Boliim 3’te yapilan ¢alismalar i¢in kullanilmastir.

2.1 Geodezik kubbelerde cubuk eleman metraji
Bilindigi tizere ¢elik elemanlar belirli standart 6l¢iilerde iiretilir. Bu nedenle, bu ¢alismada,
kubbe imalatinda 6 metre standart boya sahip ¢elik profiller esas alinmistir.

Boliim 3’te hazirlanan tablolarda, farkli ¢aplarda ve farkli modellerde geodezik kubbeler
icin ¢ubuk boylar1 hesaplanmistir. Hesaplanan ¢ubuk boylarina gore, 6 metre standart boya
sahip celik profillerin kullanilmas1 halinde her boyda meydana gelecek olan profil kaybi da g6z
Oniine alinarak kayipsiz tam boy profil sayilari belirlenmis ve Boliim 3’te hazirlanan tablolarda
verilmigtir.

Profil sayilar1 belirlenirken, 1 tam boydan, ayni ¢ubuk boy degerine sahip ¢ubuk

elemanlarin tiretildigi varsayilmistir.

3. ARASTIRMA SONUCLAR ve TARTISMA

Farkli modellerde, farkli caplarda geodezik kubbe modellerinin gubuk boylari i¢in, Boliim 2’de
de bahsedildigi tlizere, ilk etapta ¢ubuk faktorleri degerleri hesaplanmistir. Hemen ardindan
cubuk boy degerleri de bulunmustur. Asagida Tablo 3’de verilen gerekli profil sayilar1 ve metre
olarak gerekli profil uzunluklari metrajlar1 ise, hesaplanan bu g¢ubuk boylarina gore
olusturulmustur. 2v-1/2 modelinde 20m cap i¢in hesaplanan ¢ubuk boyu uzunlugu 6m’yi
gectiginden, bu ¢alismada 6 m’lik ¢elik profillerden iiretilemez. Bu nedenle 2v-1/2 modelin
20m c¢ap i¢in gerekli profil sayilar1 ve metre olarak gerekli profil uzunluklarina Tablo 3’de yer

verilmemistir.

Tablo 3. Farkli model ve ¢aplarda geodezik kubbelerde gerekli profil sayilari ve uzunluklari

Cap Gerekli Gerekli Cap Gerekli Gerekli Cap Gerekli Gerekli
(m) Model | Profil Boy 'PI'OfI| (m) Model | Profil Boy .F’I‘Ofl| (m) Model | Profil Boy .PI'OfI|
Sayis1 Miktari (m) Sayis1 Miktart (m) Sayist Miktar1 (m)
2V-1/2 15 90 2v-112 22 132 2v-1/2 33 198
3v-3/8 18 108 3v-3/8 29 174 3v-3/8 39 234
3v-4i9 19 114 3v-4i9 27 162 3v-4i9 39 234
, |2V 24 144 o | VS8 40 240 g | V58 54 324
3v-59 25 150 3v-59 37 222 3v-5/9 54 324
4V-5/12 23 138 4V-5/12 33 198 4V-5/12 44 264
av-112 27 162 Av-172 42 252 av-172 56 336
4V-7/12 35 210 4v-7/12 52 312 4V-7/12 74 444
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5V-7/15 32 100 5V-7/15 49 204 5V-7/15 62 372
5V-8/15 39 - 5V-8/15 56 3% 5V-8/15 76 456
2v-112 50 300 2v-112 65 390 2v-1/2 65 390
3v-3i8 55 330 3v-3i8 60 360 3v-38 60 360
3v-4/9 50 300 3v-4/9 55 330 3v-4/9 65 390
3v-5i8 78 468 3v-5i8 83 498 3v-5/8 83 498
o |50 72 432 p |2V50 78 468 u |20 93 558
4V-5/12 59 354 4V-5/12 63 378 4V-5/12 85 510
Av-112 73 438 Av-172 84 504 AV-12 1 120 720
AV-7/12 08 588 V72| 03 618 V72| 45 870
5V-7/15 81 486 5V-7/15 95 570 SV-T15 | 116 696
5V-8/15 99 504 5V-8/15| 116 696 5V-8/15| 149 852
2V-112 65 390 2V-112 65 390 2V-112 . )
3v-3/8 105 630 3v-3/8 120 720 3v-3/8 120 720
3v-4/9 105 630 3v-4/9 105 630 3v-4/9 120 720
3Vv-5/8 150 900 3v-5i8 165 990 3V-5/8 165 990
16 3V-5/9 150 900 18 3V-5/9 150 900 20 3V-5/9 165 990
4V-5/12 9 540 4V-5/12 % 540 avsI12 | 160 960
4v-112 125 750 4v-12 125 750 4v-12 175 1050
Av-mnz 151 906 -tz s 906 AV-TIZ | 978 1668
SV-7115 131 786 SV-7/15 170 1020 SV-7/15 170 1020
SV-BIS | 1m 966 SV-8/15| 508 1248 SV-8/15| 08 1248

Tablo 3’de hesaplanan degerler dogrultusunda normal basiklikta kubbeler i¢in Sekil 4 verilen
grafik, basik kubbeler i¢cin Sekil 5’te verilen grafik ve basik olmayan kubbeler icin de Sekil

6’da verilen grafikler hazirlanmistir.

Normal Basiklikta Kubbeler
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Sekil 4. Normal basikta kubbeler icin gerekli profil boy miktar1 (m)
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Sekil 6. Basik olmayan kubbeler i¢in gerekli profil boy miktar1 (m)
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4. SONUC ve ONERILER

Basikliklaria gore gruplandirilan geodezik kubbe modelleri, belirlenen ¢aplara gore, uzunluk
olarak celik malzeme tiiketimi grafikleri incelenmis ve yapilan degerlendirmeler asagida
verilmistir.

1- Basiklik durumu normal geodezik kubbeler;

Dogal bir sonug olarak cap arttik¢a ¢elik malzeme tiiketimi artmis, bazi ¢aplar i¢in ayn1
kalmstir. Her ¢ap kendi icerisinde degerlendirildigine, 4v-1/2 modelin 2v-1/2 modelinden her
capta daha fazla ¢elik malzeme tiiketimine ihtiya¢ duydugu goriilmiistiir. Buna ragmen, sadece
bu sonuca bakarak 2v-1/2 modelin daha uygun oldugunu sdylemek dogru bir yaklagim
olmayacaktir. Bunun yerine, gerekli yapisal tasarim yapildiktan sonra, agirlik olarak malzeme
tilketimi degerlendirmeye esas alinmalidir. Ancak, uzunluk olarak ayni boy c¢elik malzeme
tilkketimi ve ayn1 ¢apa sahip modellerin bu grafiklerden hareketle degerlendirmeleri gercekei bir
yaklagim olacaktir. Fakat Sekil 4’de verilen grafik, iiretici firmalara uzunluk olarak gelik
malzeme tiiketimi ile ilgili bilgi verecektir.

2- Basik geodezik kubbeler;

Normal basiklik durumundaki gibi, ¢ap arttikca celik malzeme tiiketimi artmis, bazi
caplar i¢in ayn1 kalmistir. Uzunluk olarak ¢elik malzeme tiiketimi icin her ¢ap kendi icerisinde
degerlendirmelidir. Bu degerlendirme cergevesinde, basik geodezik kubbelerde, modellerin
frekans degerleri arttikga ¢ubuk eleman sayilari artmasina ragmen, uzunluk olarak celik
malzeme tiiketiminde her zaman artis s6z konusu olmamustir.

3- Basik olmayan geodezik kubbeler;

Basik olmayan geodezik kubbelerde de, cap arttikca ¢elik malzeme tiikketimi artmis, bazi
caplar i¢in ayni kalmistir. Yine, uzunluk olarak celik malzeme tiiketimi i¢in her ¢ap kendi
igerisinde degerlendirmelidir. Ciinkii, ¢apa gore diizenli bir degisim s6z konusu degildir. Bazi
caplarda, farkli geodezik kubbe modelleri i¢in uzunluk olarak ¢elik malzeme tiiketimi degerleri
birbirine ¢ok yakin ya da aynisidir. Bu durumda, diiz tabanli modellerin se¢imi Onerilir.

Sonug olarak, ¢elik geodezik kubbelerde uzunluk olarak ¢elik malzeme tiiketimi cap,
geometrik frekans ve geometrik oransal ifadeler gore onemli degisimler gostermektedir. Bu
nedenle, geodezik kubbelerin tasarimi ya da iiretimi ile ilgilenenlerin model ve ¢apa gore genel
degerlendirmelerden uzak durarak, model se¢iminde ¢ap, basiklik ve tabanin diiz olmasin1 esas

alarak her cap i¢in kendi igerisinde ¢elik malzeme tliketimi irdeleyerek karar vermelidir.
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Miihendislerin verecegi bu karar yapisal tasarima baslamadan 6nce, 6n boyutlandirma igin

oldukca faydali olacaktir.

Cikar Catismas1 Beyam

Yazarlar arasinda ¢ikar ¢atismasi yoktur.

Arastirma ve Yayin Etigi Beyani

Caligsma, arastirma ve yayin etigine uygundur.
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ABSTRACT :

In this research, we delved into the mechanisms responsible for opening sheds in weaving machines, focusing on
both the shed opening systems such as cam and follower mechanisms utilized in dobby systems. Our aim was to
devise a novel cam and follower system that is not only cost-effective but also simple to manufacture and maintain,
drawing inspiration from the principles underlying dobby mechanisms. Specifically, we aimed to develop a system
capable of producing fabrics with minimal tension in warp threads. Following the completion of the cam and
follower design phase, we proceeded to fabricate and assemble the drive, selection, and motion transmission
mechanisms onto the frames. Upon meticulous adjustment of these mechanisms, they were set to operate
automatically at various speeds.

Keywords: Weaving, Cam, Desing, Mechanism.

Dokuma Makinasi Kam ve Izleyci Tasarim ve Imalati

OZET

Bu aragtirmamizda dokuma makinelerinde agizlik agmadan sorumlu mekanizmalari derinlemesine inceleyerek,
armiir sistemlerinde kullanilan kam gibi agizlik agma sistemlerine ve takip¢i mekanizmalarma odaklandik.
Amacimiz, armiir mekanizmalariin altinda yatan ilkelerden ilham alarak, yalnizca uygun maliyetli degil, ayn1
zamanda iiretimi ve bakimi da basit olan yeni bir kam ve takipgi sistemi tasarlamakt1. Ozellikle ¢6zgii ipliklerinde
minimum gerginlikle kumas iiretebilen bir sistem gelistirmeyi hedefledik. Kam ve takipgi tasarim asamasinin
tamamlanmasinin ardindan tahrik, se¢me ve hareket aktarma mekanizmalarini {iretip ¢ercevelere monte etmeye
bagladik. Bu mekanizmalar titizlikle ayarlandiktan sonra otomatik olarak cesitli hizlarda calisacak sekilde
ayarlandi.
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1. INTRODUCTION

The efficiency of weaving machines and the fabric quality they produce are influenced
significantly by several pivotal factors, notably shed geometry, shed formation, and the
movement of warps within the shed. Prior to the introduction of the weft in weaving machines,
it is imperative for the warp threads to undergo a process of segregation into two layers,
ultimately forming a triangular tunnel, commonly referred to as a mouthpiece, through which
the weft is threaded. Various systems, known as shedding mechanisms, have been devised to
facilitate this separation of warp threads during shed formation. These mechanisms are typically
classified into three primary groups based on their operational principles[1-4].

In our investigation, we have undertaken the design and fabrication of the cam and
follower mechanism, a fundamental shed opening device utilized in weaving machines to
orchestrate the movement of frames for shed creation. The cam and follower system developed
in this study is purpose-built, featuring unique designs and manufacturing techniques.
Distinguishing itself from research conducted in other institutions globally, this cam
mechanism, in conjunction with its tracker, boasts significant advancements, particularly in its
drive, selection, and motion transmission mechanisms tailored to the frames [5-8].

Moreover, our research has yielded a revolutionary weaving machine pattern
mechanism, supplanting conventional commercial patterns restricted by cam and tracer
systems. This innovative mechanism facilitates the adaptation of diverse and intricate patterns
on weaving machines, liberating fabric design from previous constraints[9-11]. By
transcending these limitations, we have successfully pioneered the development of a proficient
dobby mechanism for the mechanical dobby production of woven fabrics within our country
[12, 13].

Lima et al. They compared several common methods used for the appropriate design of
cam mechanisms and realized the production of cam mechanisms [14,15]. Podgornyj et al.
Design analysis of cam mechanisms shows that the laws of motion are established by a standard
set of acceleration curves. It is designed to suggest the most efficient equipment for the follower
mechanism for the contact point between the comb and the fabric edge [16]. Hamza et al. More
geometric parameter design problems are solved to improve the optimum design quality of the
cam mechanism [17]. Yousuf, et al. The contact between the cam and the follower was
examined in terms of the periodicity of the follower during the movement [18]. Abderazek et

al. Formulated for maximum strength resistance for optimum cam design. The effect of
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choosing the follower motion law on the optimal design of the mechanism was investigated
[19]. Rao et al. It shows different prediction performances at different preloads and different
cam rotation speeds to predict the change in friction coefficient and friction force depending on
the cam rotation angle [20]. As a result of the literature research, shedding systems in weaving
machines produced with different methods attract attention. When the literature is examined,
the deficiency in shedding in weaving machines draws attention. Therefore, in this study, unlike
the literature, a new cam and follower system design that is not only cost-effective but also

simple in production and maintenance was examined.

2. MATERIAL AND METHOD

To develop the new cam design as outlined in this study, an initial step involved conducting
thorough analysis and calculations of the parameters influencing the design [7-9]. Key
parameters integral to the design of shedding mechanisms employed in weaving looms include
the number of frames, inter-frame distance, shed width, shed angle, frame displacement height,
and warp thread tension forces during weaving. The determination of the number of frames is

contingent upon the fabric type intended for weaving on the looms.

rev.
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Following the theoretical exploration of design parameters, the process of designing the
cam mechanism commenced. Through the investigations conducted in this study, it was
observed that by imparting oscillating motion to the main shaft within the program mechanism,
significant simplification of the mechanism, and subsequently the dobby, could be achieved.
This approach also allowed for the utilization of standard machine elements and bearings,
leading to the realization of a novel dobby design capable of implementing this principle [10].

A specialized research-oriented dobby has been developed, affording full parameter
interference and entirely designed and manufactured using domestic resources. Notably, a
system has been devised to produce fabrics with minimized tensions in warp threads [11].
Furthermore, a foundational support framework has been established for future dobby device
manufacturers in our country. This initiative not only mitigates reliance on expensive imported
machinery but also enables the production of domestically manufactured dobbies of superior

quality at reduced costs. Additionally, a unique mechanical pattern system has been devised to
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regulate woven fabric manufacturing processes with desired precision and quality [12]. The

creation of the cam profile employs the method of motion transformation.

Figure 1. Design of double cam profile

Figure 1 illustrates the cam profile depicted by a solid line and the profile of the second
cam by a dashed line. In positive systems, these cams transmit motion to the followers, which
are linked to the frame legs. Followers operate with eccentrics, either with or without channels,
depending on their construction. Non-channel eccentrics feature the ball of the foot situated on
the eccentric, whereas channeled eccentrics have the ball of the foot positioned within the

channel
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Figure 2. The technical drawing of the dobby cam mechanism is shown

In the figures below, the technical drawing of the arms, their unprocessed and machined

dobby mounting conditions are shown.
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Figure 3. Drawing of cam follower
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Figure 4. Assembly drawing states of cam and follower mechanism

Figure 5. Example of cam follower
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3. RESULT AND DISCUSSION

Figure 6. Manufacturer of the audience

The purpose is to shift the cam body, which is affixed to the dobby, along the axis of the shaft.

To ease the movement of the cam, the cylinder is installed on the cam mechanism body.
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Figure 7. Cam follower

Figure 8. Dobby cam mechanism
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Figure 9. Assembly of cam and follower mechanism

When dealing with intricate or frequently changing knitting patterns, traditional
shedding mechanisms prove inadequate, necessitating the development of a programmable
shedding mechanism. A dobby system comprises three interlinked mechanisms: the drive
mechanism, the selection mechanism, and the motion transmission mechanism to the frames.
However, in the proposed system, traditional drive mechanisms and motion transmission
components such as gears, chains, or belts that relay motion from the main shaft to the dobby
are omitted.

Rotary dobby systems expend considerable energy to counteract warp tension, frame
weight, and spring traction. Over time, fatigue in the return springs can lead to uneven lowering
of frames during nozzle opening, resulting in irregular shed formation. Additionally, the weight
of frames and spring assemblies restricts the operating speed of weaving machines equipped

with rotary dobby systems, limiting them to the production of medium or lightweight fabrics.
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4. CONCLUSION AND RECOMMENDATIONS

In the developed cam mechanism, specifically designed cams for the program reading unit
allow for their manipulation and retention based on signals received from the program reading
unit. This unique feature sets apart the cam mechanism from classical dobby systems that rely
on electromagnets and electronic operation.

Upon completion of the study, a comparison was drawn between the produced cam
mechanism and those available on the market, assessing their alignment with existing literature
and identifying distinctive characteristics. The cam mechanism exhibited superior mechanical
and design properties compared to literature benchmarks, thereby introducing novel
contributions to the field.

A noteworthy aspect of this study is the creation of an experimental model, which was
then compared with theoretical models found in the literature. This comparative analysis
facilitated the realistic determination of optimal cam parameters, ultimately aiming to mitigate
warp yarn breakage.

The introduction of this device is expected to catalyze the initiation of innovative and
fruitful projects across our nation, particularly in areas such as product and material
development, parameter optimization, weaving technology enhancement, and flexible control
strategies. This initiative is particularly significant in a landscape where the availability of
universities and research centers is limited, necessitating the importation of expensive cam
mechanisms from abroad.

Cikar Catismas1 Beyam

Yazarlar arasinda ¢ikar catigsmasi yoktur.

Arastirma ve Yayin Etigi Beyam

Caligma, arastirma ve yayin etigine uygundur.

REFERENCES
[1] G. Abdulla, B. Hasgelik, and A. S. Soydan, “Yeni bir armiir konstriiksiyonun analizi ve
deneysel calismalar,” Makine Tasarim ve Imalat Teknolojileri Kongresi. s. 119-124.
Konya. 2001.
[2] G. Abdulla, “Dokuma makinesi igin yiiksek hizli armiir dizayn,” TUBITAK
Projesi, ISAG-139, 87s. Ankara, 2002.

42



Murat KODALOGLU, “Weaving Machine Design of Cam and Follower Mechanism and Manufacturing”,

Yekarum e-Dergi, 9/ 1 (2024) 33-44

[3] G. Abdulla, “Dokuma makinelerinde agizlik agma mekanizmalarinin arastirtlmasi
ve modernizasyonu,” DPT Projesi, 2003K120950, 138s. Ankara, 2006.

[4] G. Abdulla, and S. Palamutgu, “RA - 14 Rotatif armiiriiniin programlama Kkilit

sisteminin konstriikksiyonunun sentezi ve hesabi,” 2. Tekstil Teknolojileri ve Tekstil
Makinalar:t Kongresi, $.85-89. Istanbul, 2006.

[5] S. Adanur, “Handbook of weaving,” Technomic publishing company, 429p.
Pennsylvania, 2001.

[6] M. Kodaloglu, “Pné-mekanik armiir makinesinin tasarim ve imalati,” Doktora  Tezi,
Stileyman Demirel Universitesi Fen Bilimleri Enstitiisti, 124s, 2019.

[7] R.Eren, “Armiirlii agizlik agma mekanizmalar1,” Tekstil Maraton, 5:46-55 2000.

[8] R.Eren, G. Ozkan, M. Karahan, “Comparison of heald frame motion generated by
rotary dobby and crank and cam shedding motions,” Fibresand  Textiles, Vol. 13,
Issue 52, Pages 78-83, 2005.

[9] R.Eren, G. Ozkan, Y. Turhan, “Kinematics of rotary dobby and analysis of heald
frame motion in weaving process,” Textile Research Journal,78:1070-1079, 2008.

[10] Fimtextile Firmas1 Armiir Makineleri tiriin kataloglari, 2018.

[11] B. Hasgelik, “Beklemeli salinim hareketli rotatif armiir makinesinin kinematik ve dinamik
analizi, “ Pamukkale Universitesi, Yiiksek Lisans ~ tezi, 114s. Denizli, 2008.

[12] R. Marks, “Principles of weaving,” The Textile Institute Manchester, 248p. Manchester,
1976.

[13] M. Kodaloglu, F. Bedir, F. A. Kodaloglu, “Design and manufacturing of pneu-mechanic
dobby machinery,” Miihendislik Bilimleri ve Tasarim Dergisi, 11:3, 880-885, 2023.

[14] M. Lima, P. Zabka, “Design and analysis of conjugate cam mechanisms for a special
weaving machine application,” Romanian Review Precision Mechanics, Optics and
Mechatronics, 37, 31-38, 2010.

[15] C. Ming, X. Chi, Z. Sun, Y. Sun, “Design of electronic cam for lower hook mechanism of
fishing net-weaving machine based on polynomial fitting,” Textile Research Journal,
92:11-12, 1748-1759, 2022.

[16] Y. I. Podgornyj, V. Y. Skeeba, A. V. Kirillov, T. G. Martynova, P. Y. Skeeba, “Motion
laws synthesis for cam mechanisms with multiple follower displacement,” In IOP

Conference Series: Materials Science and Engineering Vol. 327, p. 042079, 2018.

43



Murat KODALOGLU, “Weaving Machine Design of Cam and Follower Mechanism and Manufacturing”,

Yekarum e-Dergi, 9/ 1 (2024) 33-44

[17] F. Hamza, H. Abderazek, S. Lakhdar, D. Ferhat, A. R. Yildiz, “Optimum design of cam-
roller follower mechanism using a new evolutionary algorithm,” The International
Journal of Advanced Manufacturing Technology, 99: 1267-1282, 2018.

[18] L. S. Yousuf, “Experimental and simulation investigation of nonlinear dynamic behavior
of a polydyne cam and roller follower mechanism,” Mechanical Systems and Signal
Processing, 116: 293-309, 20109.

[19] H. Abderazek, A. R. Yildiz, S. Mirjalili, “Comparison of recent optimization algorithms
for design optimization of a cam-follower mechanism,” Knowledge-Based Systems, 191,
105237, 2020.

[20] R. V. Rao, R. B. Pawar, “Design optimization of cam—follower mechanisms using Rao

algorithms and their variants,” Evolutionary Intelligence, 1-26. (2022).

44



Siileyman Demirel Universitesi
YEKARUM e-DERGI PN
(Journal of YEKARUM) N
Cilt9, Say1 1, 45-62 , 2024
E - ISNN:1309-9388

Kirsehir ilinin Biyogaz Atik Potansiyelinin Ceviz
(Juglans regia L.) Uretiminde Kullanilabilirligi

Elmas Yagmur!", Sevil Saglam Yilmaz?

" Kirsehir Ahi Evran Universitesi Fen Bilimleri Enstitiisii Tarimsal Biyoteknoloji A.B.D., Kirsehir, Tiirkiye,
(ORCID: 0000-0002-6363-3855), elmasmurtyagmur@gmail.com
2 Kirsehir Ahi Evran Universitesi Ziraat Fakiiltesi Tarimsal Biyoteknoloji Béliimii, Kirsehir Tiirkiye, (ORCID:
0000-0003-1302-9147), ssaglam@ahievran.edu.tr

(Ilk Gelis Tarihi 03/12/2023 ve Kabul Tarihi 16/04/2024)

OZET :

Gilinlimiizde enerji kaynaklarinin azalmasi ile birlikte yenilenebilir enerji kaynaklarina olan ilgi artmaktadir.
Alternatif bir enerji kaynagi olan biyokiitlenin alt segmentini olusturan biyogaz, organik atiklarin belirli
islemlerden gecerek hem artan niifusun enerji ihtiyacini karsilamakta hem de tarimsal faaliyetlerde
kullanilmak iizere organik giibreyi meydana getirmektedir. Enerji artan niifusun ihtiyacini karsilarken,
organik giibre tarim alanlarinda kullanilarak kimyasal igerige sahip giibre kullanimina olan talebi
azaltmaktadir. Bu ¢alismada, Kirsehir ilinde faaliyet gdsteren biyogaz tesislerinden elde edilen veriler
kullanilarak, Kirgehir ili genelinde bitkisel ve hayvansal atiklarin biyogaz potansiyeli belirlenmeye ve bu
potansiyelin Kirsehir ili i¢in 6nemli bir ekonomik gelir kaynagi olan ceviz iiretimine olasit katkilart
belirlenmeye calisilmistir. i1 genelinde tarimsal atiklardan elde edilen yillik toplam biyogaz enerji
potansiyeli 11.04 MW yil? olup, bu enerjinin yaklasik %]1’ini bitkisel, %99 unu ise hayvansal atiklar
olusturmaktadir. Biyogaz enerjisi ilde en fazla Mucur ilgesinden temin edilmektedir. Uretimi
gerceklestirilen bu biyogaz atiklarinin Kirgehir ceviz ireticilerine cevizin verim ve kalitesini artirmasi
bakimindan avantaj saglayacag: diisiiniilmektedir.
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Availability of Biogas Waste Potential of Kirsehir Province
in Walnut (Juglans regia L.) Production

ABSTRACT

Today, with the decrease in energy resources, the interest in renewable energy sources is increasing. Biogas,
which constitutes the sub-segment of biomass, which is an alternative energy source, passes through certain
processes of organic wastes and both meets the energy needs of the increasing population and creates
organic fertilizer for use in agricultural activities. While energy meets the needs of the increasing population,
organic fertilizers are used in agricultural areas, reducing the demand for fertilizers with chemical content. In
this study, it has been tried to determine the biogas potential of plant and animal wastes in Kirsehir province
and the possible contributions of this potential to walnut production, which is an important source of economic
income for Kirsehir province, by using the data obtained from the biogas facilities operating in Kirsehir
province. The annual total biogas energy potential obtained from agricultural wastes throughout the province
is 11.04 MW year, approximately 1% of this energy is vegetable waste and 99% is animal waste. Biogas
energy is supplied mostly from Mucur district in the province. It is thought that these biogas wastes will
provide an advantage to Kirsehir walnut producers in terms of increasing the yield and quality of walnuts.

Keywords: Biogas, Walnut, Organic Fertilizer, Renewable Energy
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1. INTRODUCTION

Diinya niifusunun 8 milyar1 gegmesiyle birlikte gida ve enerjiye olan talebin yiikselmesi,
azalan kirsal niifus, artan kentlesme ve endiistrilesme gibi faktorlerden dolay1 yenilenebilir enerji
kaynaklarina olan gereksinim artmaktadir [1], [2]. Yenilenebilir enerji kaynaklari, hidroelektirik
enerji, jeotermal enerji, giines enerjisi, riizgar enerjisi, biyokiitle enerjisi ve dalga enerjisi olarak
kabul edilmektedir [3], [4], [5].

Biyokiitle, yagayan veya yakin zamanda yasamis canli organizmalardan elde edilmis fosil
olmayan organik maddelerdir. Bu organik maddeler biyokiitle enerji kaynagi, bu kaynaklardan
elde edilen enerji ise, biyokiitle enerjisi olarak tanimlanmaktadir. Tarimsal atiklar biyokiitle atik
potansiyelinin 6nemli bir kismin1 olusturmaktadir [6]. Enerji kaynaklarina olan artan talebi
karsilayabilmek i¢in, Tiirkiye gibi tarimsal atik potansiyeli yliksek olan iilkeler biyolojik kokenli
atiklarin1 daha fazla enerji tiretmede kullanmasi gerekecektir [7], [8]. Biyokiitle enerjisi ile
biyogaz, etanol, hidrojen, metan, metanol ve motorin gibi yakitlar elde edilmektedir. Bu yontemi
diger yontemlerden ayiran en onemli Ozellik tarimsal ve evsel biyokiitle atiklarinin oksijensiz

ortamda biyolojik bir siiregten gecerek elde ediliyor olmasidir [9], [10].
1.1 Tiirkiye’de biyogaz iiretimi icin bashca biyokiitle kaynaklari
1.1.1. Tarimsal Biyokiitle Kaynaklari
e Yagh tohumlu bitkiler (kanola, aycigegi, soya vb.)
e Secker ve nisasta bitkileri (patates, bugday, misir, seker pancari vb.)
e Elyaf bitkileri (keten, kenevir, sorgum, miskantus vb.)
e Bitkisel artiklar (dal, sap, saman, kok, kabuk, zeytin kara suyu, cay atiklari vb.)
1.1.2. Orman ve Orman Uriinlerinden Elde Edilen Biyokiitle Kaynaklari
e Orman ve ormancilik enddistrisi atik ve artiklari, enerji ormanlari, enerji bitkileri.
1.1.3. Hayvansal Biyokiitle Kaynaklari

e Biiyiikbas, kiiciikbas, kiimes hayvanlarinin digkilari, mezbaha atiklari ve hayvansal

tirtinlerin islenmesi sirasinda ortaya ¢ikan atiklar.
1.1.4. Kentsel ve Endiistriyel Atiklardan Elde Edilen Biyokiitle Kaynaklari

e Biyolojik kokenli endiistri atiklari, belediye atiklari, aritma ¢amurlart [11], [12],
[13].
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Giliniimiizde tarimsal ve endiistriyel organik atiklarin yeterince degerlendirilememesi 6nemli
bir sorundur [14]. Farkli biyokiitle kaynaklarindan iiretilen biyogaz verimi miktarlar1 Tablo 1

[15]°de verilmistir.

Tablo 1. Farkl biyokiitle kaynaklarindan iiretilen biyogaz verimi miktarlari

Kaynak Biyogaz verimi (litre kg™)
Sigir Giibresi 90- 310

Kanatli Giibresi 310- 620

Bugday Samani 200- 300

Cimen 280- 550

Ziraat Atiklan 310- 430

Dokiilmiis Aga¢ Yapraklari 210- 290

Atik Su Camuru 310-800

Ulkemiz topraklarinin organik madde bakimindan fakir olmasi topraklarin zamanla
biyolojik, fiziksel ve kimyasal 6zellikleri gibi yapilarinin bozulmasina neden olmaktadir [16].
Topragin bu ozelliklerinin yeniden iyilesme gostermesi icin toprak organik madde oraninin
arttirllmas1 gerekmektedir. Bu ytlizden biyogaz iiretimi sirasinda organik atiklarin islenmesi ile
icindeki mikroorganizma aktivitesi sayesinde besin elementleri daha yarayishh forma
gecmektedir. Olusan bu fermente giibrenin topraga uygulanmasi hem toprak ozelliklerinin
iyilesmesini hem de bitki gelisimini tesvik etmektedir. Bu giibrelerin tarimsal alanlarda
degerlendirilmesi topragin siirdiiriilebilirligini, verimini ve kaliteyi arttirmaktadir [17], [18]. Bu
fermente giibrelerin faydalar1 arasinda toprak diizenleyici gorevi gérmek, topragi havalandirmak,
su tutma kapasitesini arttirmak, ylizey akisini ve buharlagsmay1 engellemek, topragin tava
gelmesini kolaylastirmak, agregatlagsmayi1 saglamak gibi bir¢ok faydalari bulundurmaktadir [19].
Bu calisma, ekonomik 6neme sahip ceviz bitkisinin verim ve kalitesinin artirilmasinda fermente

giibrelerin kullaniminin 6nemini ortaya koymaktir.
2. BIYOGAZ TESISLERI

Biyogaz, organik atiklarin anaerobik ortamda biyokimyasal reaksiyon ve mikroorganizmalarin
aktiviteleri sonucu kontrollii olarak ¢iiriitiilmesi ile olusan bir gazdir. Biyogazin igeriginde, %25-
60 karbondioksit (CO2), %40-75 metan (CHa), cok az hidrojen ve azot ayrica %2 kadar hidrojen
stilfir (H2S) bulunmaktadir. Metan gaz1 biyogazin iceriginde bulunan ve biyogazin 1s1l degerini

olusturan temel maddedir ve biyogaza yanici etkiyi veren bilesendir [9], [20].
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Biyogaz tiretimi ti¢ safhada ger¢eklesmektedir. Bunlar Sekil 1°de gosterildigi gibi hidroliz,
asit olusumu ve metan olusumudur. Hidroliz asamasinda, yag, seliiloz, hemiseliiloz, protein,
nigasta vb. polimer yapiya sahip olan kat1 ve ¢éziinmiis organik maddeler, bakterilerin hiicre dis1
enzimleri sayesinde sindirime ugrayarak organik yapili monomerlere doniistiiriilmektedir [21].
Asit olusumu asamasinda monomerlerine ayrilmis organik maddeler asit bakterileri tarafindan
once ugucu yag asitlerine ardindan da asetik aside dontstiiriilmektedir. Metan olusumu
asamasinda ise asetik asit par¢alanmakta veya H> ve CO> sentezi sonucu metan iiretimi

gerceklesmektedir [22].

Hidroliz agsamasi Asit olusumu agamasi Metan olusumu agamasi

Organik atiklar Proteinler,
Yaglar, Karbonhidratlar

/N

H2CO2 Propiyonik Asit
Asetik Asit
Cesitli Alkoller
Butirik Asit Asetik Asit, H2C0z
Diger Bilesikler A - - .
Asetojenik bakteriler Metajonik bakteriler

Fermantatif bakteriler

Sekil 1. Biyogaz iiretim sathalari

Biyogaz olusum siireci fermantasyona birakilan organik atiklarin neler olduguna, biyogaz
tesisinin igletme sartlarina, sindirim siiresine bagh olarak degisiklik gostermektedir. Her atigin
ayrisma siiresi farklidir. Igeriginde farkli yapilar bulunan her bir organik atigin anaerobik
proseslerde ayrismasi farkl siirelerde gerceklesmektedir [9]. Biyogazin liretimi i¢in anaerobik
ortam, uygun 1s1 degeri, bakteriler ve organik madde bilesenlerinin saglanmasi gerekmektedir
[23].

Ulkemizde 240 673 168 m® y1l'? biyogaz iiretimi, tarimsal atiklardan elde edilebilecektir
[24]. Avrupa’nin besinci Tiirkiye’nin ise en biiylik biyogaz tesisi Konya’nin Cumra il¢esinde
kurulmus ve 72 bin metrekiip biyogaz iiretim kapasitesine sahip olan Konya Biyogaz tesisidir.
Bu tesiste 200 bin ton s1v1 giibre, 30 ton organik kati giibre iiretimi yapilmakta ve 12 MW elektrik
tiretilmektedir.

Kirsehir’de 2022 yili itibariyle biri yeni faaliyete baslamak iizere toplam dort adet biyogaz tesisi
bulunmaktadir. Bu tesislere ait bilgiler Tablo 2 [25]’de verilmistir.
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Tablo 2. Kirsehir ilinde faaliyet gosteren biyogaz tesislerine ait bilgiler

Sira NO Tesisin adi Tesisin Siv1 giibre kapasitesi Kati giibre kapasitesi
bulundugu ilge (ton) (ton)
1 Caglayanlar Mucur 700 300
2 Emin Biyogaz Merkez 600 80
3 As Kog Enerji Merkez 600 60
4 Anka Biyogaz Boztepe - -

Kirsehir ilinde faaliyet gdsteren bu biyogaz tesislerinden elde edilen 2022 yil1 verilerine
gore, Kirsehir ili genelinde tarimsal atiklardan elde edilebilecek yillik toplam biyogaz enerji
potansiyeli 11.04 MW y1l"Vdir. Biyogaz enerjisi ilde 4.8 MW y1l™ ile en fazla Mucur ilgesinden
elde edilmektedir. Mucur ilgesini ise toplam 6.24 MW y1l™t (3.12 MW yilt +3.12 MW y1l™%) enerji
potansiyeli ile Merkez il¢esinde yer alan iki biyogaz tesisi takip etmektedir. Bu enerjinin yaklasik
%1’ini bitkisel atiklar yaklasik %99’unu ise hayvansal atiklar olusturmaktadir. Bitkisel atik
kaynaklar1 daha ¢ok domates yapraklari, patates, misir silaji, pancar kiispesi ve diger biitiin
bitkisel {irtin atiklarindan olugsmaktadir. Hayvansal atik kaynaklari ise agirlikli olarak kanatli
hayvan giibreleri, kiigiikbas hayvan ve biiylikbas hayvansal atiklardan olusmaktadir [26]. Bu
tesislerden elde edilen kati ve sivi giibreler ticari olmaksizin {ireticilerin kullanimina
sunulmaktadir. Biyogaz tesislerinden elde edilen giibreler ceviz iireticileri tarafindan tam
kapsamli kullanilmamaktadir. Fakat son bir yildir tireticiler deneme amagli bu giibreleri ceviz

bahgelerinde kullanim1 s6z konusudur.

3. CEVIZ YETISTIRICILIGi ve GUBRELEMENIN ONEMi

Ceviz Juglandales takiminin, Juglandaceae familyasinin, Juglans cinsine ait bir bitkidir. Juglans cinsi
18 tiirden olugmakta ve bu cinsin en iistiin meyve 6zelliklerine sahip olan ve en 6nemli tiirii ise Juglans
regia’dir [27]. Cevizde verim ve kaliteyi artirmak i¢in uygun toprak ve iklim sartlarinda yetistiricilik
yapilmalidir. Giibreleme, budama, sulama gibi uygulamalar gerektigi miktarda ve zamaninda yapilmali,
zararlilar ve hastaliklar ile miicadele edilmeli, kuraklik ve don gibi ¢evresel stres kosullarina karsi
onlem alinmalidir [28]. Cevizin anavatam Tiirkiye, Irak, Iran, Afganistan, Giiney Rusya, Hindistan,
Mangurya ve Kore'dir [29]. Tiirkiye, cevizin gen merkezleri arasinda yer aliyor olmasi ve iiretim
bakimindan diinya {ilkeleri arasinda {i¢lincii olmasina ragmen, iiretim ve ihracatta maalesef istenen
seviyede degildir [30], [31]. Diinyada ceviz iiretiminin genel durumu Cizelge 3 [32]’de verilmistir.
Tabloya gore; Cin, ABD, Tirkiye ve Hindistan diinyanin ceviz iireten {ilkelerin basinda

gelmektedir.
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Tablo 3. Ceviz iireten iilkelerin 2020 yilina ait iiretim alanlar1 (ha), miktarlari (ton) ve

verimleri (kg da)

Uke Alan(ha) % Ulke Miktar % Ulke Verim
(ton) (kg dat)

Cin 284 375 27.8 Cin 1100 000 33.0 Romanya 2 531

ABD 153781 15.0 ABD 707 604 21.2  Avusturya 1661
Tirkiye 141790  13.8 fran 356 666 10.7  Ozbekistan 952
Meksika 108 771 10.6 Tiirkiye 286 706 8.6 Ukrayna 845
fran 59920 5.8 Meksika 164 652 4.9 Pakistan 837
Sili 43 328 4.2 Sili 158 000 4.7 Peru 597
Fransa 24990 24 Ukrayna 113320 3.4 fran 595
Moldova 20947 2.0 Romanya 48 350 14 Butan 576
Yunanistan 20270 1.9 Ozbekistan 47 374 14 Misir 517
Arjantin - 16287 1.5  Yunanistan 36 400 1.0  Kirgizistan 467
Diinya 1021391 100 Diinya 3323 964 100 Diinya 325

Tiirkiye’de onemli ceviz treticisi illerin 2021 yilina ait tiretim miktarlar1 ise Tablo 4 [33]’te
verilmistir.

Tablo 4. Tiirkiye’de 6nemli ceviz iireticisi illerin 2021 yilina ait iiretim miktarlari (ton)

Iller Miktar (ton) Pay (%)
Mersin 22 598 6.95
Kahramanmaras 19 237 591
Bursa 18 991 5.84
Denizli 13 595 4.18
Corum 10 986 3.38
[zmir 10 286 3.15
Antalya 10 255 3.15
Canakkale 10 149 3.12
Sakarya 10 104 3.12
Manisa 8 838 2.71
Kocaeli 8139 2.50
Hakkari 7216 2.22
Van 7074 2.17
Tokat 6 833 2.10
Bitlis 6 730 2.07
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Balikesir 6 530 2.00
Aydin 6 284 1.93
Burdur 6 088 1.87
Kastamonu 6 066 1.86
Karaman 5193 1.59
Toplam (20 II) 201 192 61.90
Toplam (Tiirkiye) 325 000 100.00

Kirsehir ili ise iilkemizdeki 6nemli ceviz {ireticisi iller arasinda iiretim bazinda 4.672 ton ile
ilk 20 il arasinda bulunmamaktadir.

Ulkemizin neredeyse tamaminda ceviz iiretimi yapilmaktadir. Uretilen cevizin yarisindan
fazlas1 20 ilde yetistirilmekte ve bu illerden ilk sirayr Mersin almaktadir. Bununla birlikte iiretimin
%50-60 kadar1 20 ilde gerceklestirilmektedir.

Topraktan eksilen bitki besin maddelerini topraga tekrar kazandirilmasi ile topragin verim
kalitesini arttiran ve tarimsal iiretimi iyilestirmeyi amaclayan bilesiklere giibre denir [34]. Eksilen besin
elementlerinin topraga geri verilmesi ise giibrelemedir [35]. Hayvan, bitki ve insan kaynakl1 atiklardan
ya da kalintilardan olusan organik giibreler bitki besin kaynagini olusturmaktadir. Bitki besin kaynagi
olarak kullanilan 6nemli giibreler ¢iftlik giibresi, yesil giibre, hiimik asit, kompost, torf ve biyogaz
fermente giibrelerdir [36]. Biyogaz iiretiminde olusan fermente giibreler, biyogaz tesislerinde atik
hammaddelerin islenmesi ve seperator ile ayristirilmasi sonucu elde edilen, son olusan sivi ve kati
maddelerdir. Kirsehir’ deki bir biyogaz tesisinden elde edilen sivi formda (Tablo 5) ve kati formdaki

(Tablo 6) biyogaz atigina ait kimyasal igerikler asagida verilmistir.

Tablo 5. Sivi biyogaz atigina ait kimyasal kompozisyon

Analiz Degikenleri Analiz Verileri Birim
Tuzluluk (EC) 2.89 dS mt
Nem (70 °C) 91.8 %
Organik Madde 52 %
Toplam (Himik+ Fulvik) Asit 1.6 %
Toplam Organik Karbon (TOC) 2.8 %
Toplam Azot (%) 0.5 %
Nitrat Azotu <0.24 %
Amonyum Azotu 0.3 %

C N "Oran 5.6

Ph 8.5

Toplam Serbest Amino Asitler

Ornitin <0.0009 g 100g*
Lizin <0.0039 g 100g?

52



Elmas Yagmur, Sevil Saglam Yilmaz, “ Kirsehir Ilinin Biyogaz Atik Potansiyelinin Ceviz (Juglans regia L.) Uretiminde
Kullanilabilirligi ”, Yekarum e-Dergi, 9/ 1 (2024) 45-61

Tablo 6. Kat1 biyogaz atigina ait kimyasal kompozisyon

Analiz Degiskenleri Analiz Verileri Birim

Tuzluluk (EC) 2.05 dS m*

Nem (70 °C) 73.9 % (Kuru Madde)
Organik Madde 80.1 % (Kuru Madde)
Toplam (Hiimik+ Fulvik) Asit  44.7 % (Kuru Madde)
Toplam Organik Karbon (TOC) 43.7 % (Kuru Madde)
Toplam Azot (%) 2.8 % (Kuru Madde)

Nitrat Azotu 1.1 % (Kuru Madde)
Amonyum Azotu 1.0 % (Kuru Madde)

C N Oram 15.6

pH 9.1

Toplam Serbest Amino Asitler

Ornitin <0.0009 g 100g? (Kuru Maddede)
Lizin <0.0039 g 100g? (Kuru Maddede)
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Bitkilerin gelismesinde mutlak gerekli olan 17 element vardir. Bunlar, O, C, P, H, N, K,
Mg, Ca, Fe, S, B, Mn, Cu, Zn, Mo, CI, Na’dur [37]. Makro elementler, O, C, H, K, N, S, P, Ca,
Mg, (Na, Si); mikro elementler ise Fe, Mn, Cu, Zn, Mo, B ve CI’ diir [38]. i¢ Anadolu
Bolgesindeki bazi illerde ceviz yetistiriciligi sorunlar1 ve ¢dziim yollart iizerine yapilan bir
calismada Nigde, Nevsehir ve Kirsehir’ deki Treticilerin %71.43’{linlin yaprak analizi
yaptirdiklar1 bildirilmistir. Ancak ayni ¢alismaya gore, ceviz iireticilerinin ¢ok bilingli bitki
besleme programi uygulamadiklari, ireticilerin bazilarinin sadece toprak, bazilarinin ise sadece
yaprak analizi yaptirarak giibreleme yaptiklar1 anlasilmaktadir [39]. Ceviz bahgesi tesisinde
dikim oncesinde K, Mg ve kireg ihtiyaci karsilanmalidir. Cevizin en 6nemli bitki besin maddesi
ihtiyac1 azottur. Orta ve agir topraklarda hasattan sonra 10-15 kg da™* azotlu giibre verilmelidir.
2-10 yas arasindaki agaclara 10-12 kg aga¢, olgun agaglara ise 20-40 kg siiperfosfat
atilmahidir. Ceviz i¢ dolgunlugu ve i¢ kalitesi icin toprakta fosfor elementinin noksanligi
mutlaka giderilmelidir. Potasyum fazlaliginda Mg alimi azalmakta oldugundan dolay1
potasyumlu giibre kullaniminda daha dikkatli olunmalidir. Cinko uygulamas1 ZnSO4 seklinde
2.5-5.0 kg agac! seklinde uygulanmalidir. Demir ihtiyac1 ise 25-50 kg toz kiikiirdiin
uygulanmasi ile giderilebilmektedir. Bor noksanliginda ise 2 kg boraks topraga serpilerek
kullanilmas: tavsiye edilmektedir. Mangan noksanliginda mangan stilfat ¢ozeltisi agaglara
puskiirtiilerek kullanilabilmektedir. Bakir noksanligr i¢in 5 kg bakir siilfat ile 5 kg sonmiis
kirecin 400 litre suda ¢oziindiiriilmesi ile elde edilen bordo bulamacinin Haziran baslarinda
uygulanmas1 gerekmektedir. Magnezyum noksanligi i¢in 2.5 kg magnezyum siilfat ¢ozeltisi
Haziran baslarinda agacglara piiskiirtiilmelidir. Bununla beraber kullanilacak giibrelerin cinsi,
miktari, verilme sekli ve zamaninin tespiti i¢in mutlaka toprak ve yaprak analizlerinin yapilmasi

gerekmektedir [40], [41].
4. BIYOGAZ ATIKLARININ CEViZ URETIiMINDE KULLANIM OLANAKLARI

Biyogaz tesislerinin bir ¢iktis1 olan kat1 ve sivi giibreler topragin mikrobiyolojik, fiziksel,
kimyasal ve biyolojik yapilarini iyilestirmesi sebebiyle giivenilir organik giibrelerdir. Hiimik
asit bakimindan zengin olan bu fermente giibreler bitkilerin besin maddesi alinimini arttirmakta
ve metal alimini kisitlamaktadir [6]. En 1yi1 bilinen 6zelligi; yeterli oranda yarayisl bitki besin
maddelerini icermesi, kullanildig1 topragin icerigini iyilestirmesi ile iirlin verimini ve kalitesini
artirmasi, ¢evreci ve uzun vadede kullanildiginda ekonomik bir giibre olmasi sayilabilmektedir

[42].
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Ulkemizde son yillarda kanalizasyon ve kentsel kat1 atik aritma tesisleri yaninda yogun
ciftlik hayvanciligi sonucu agiga ¢ikan kati atiklarin degerlendirilmesi amaciyla biyogaz tiretim
tesisleri de yayginlagmaktadir. Bu tesislerden elde edilen fermente giibreler bazen mineral
giibrelerle karigtirllmak suretiyle daha verimli sekle doniistiiriilmektedir [43]. Bu giibrelerin
ciftciler tarafindan kullanilip ve bu kullanimin da siireklilik saglamasini tesvik etmek amaciyla
baz1 biyogaz tesisleri elde ettikleri fermente giibreleri ciftcilere licretsiz olarak vermektedir.

Biyogaz atiklariin bitkisel iiretimde bitki veriminin artirilmasi veya kalite kriterlerine
olan etkileri gibi agronomik ya da biyoteknolojik akademik ¢aligmalar heniiz yeterli degildir.
Bu konuda yapilmis birkac tane yiiksek lisans tezi ve makale mevcuttur. Bu ¢alismalarin
tamami bitkilerin verim ve kalite kriterleri lizerinedir. Bu konuda g¢alismalar son bes yilda
baslamis ve domates, bugday, marul, misir, sorgum ve arpa lizerine yapilmistir.

Kogar ve ark. (2018), domates (Solanum lycopersicon L.) bitkisinin fide {iretiminde
perlit, zeolit, torf ve fermente giibrenin farkli kombinasyonlarinin ¢imlenme ve fide gelisimi
tizerine etkisini aragtirdiklar1 calismalarinda zeolit, torf ve fermente giibrenin (1:100:15) birlikte
kullanildig1 uygulamanin diger uygulamalara gore ¢imlenmeyi %8 oraninda artirdig1 sonucuna
varmiglardir [44]. Ayn1 yil Yarasir (2018), yaptig1 calismada ise 0, 9, 18 kg da dozlarinda
azotlu mineral giibre ve 0, 1, 2, 3, 4 ton da™ dozlarinda siv1 biyogaz atik giibre dozlar ile
karisimlarin1 Ceyhan-99 bugday ¢esidinin verim ve kalitesi {izerine etkilerini incelemistir. S1ivi
biyogaz atiklarinin basak sayisinin metrekarede miktari, bitki boyu, basakta tane sayisi, bayrak
yaprak alan miktari, tane verimi, tanede kiil orani, bin tane agirligi, tanede lif orani, tek basak
agirhigi, hektolitre agirhgi, tek basak verimine en iyi etkinin 3 ton da™ siv1 biyogaz atig1 ile 18
kg da mineral azot dozu kombinasyonundan elde ettigini bildirmistir [45].

Bastabak (2019), organik madde bakimindan degerli olan fermente giibrenin marul
bitkisinin ii¢ farkl1 gelisme dénemine olan etkisini incelemis ve biyogaz fermente {iriinii (BFU)
giibreyi; kati ortam kiltlirii faaliyetinde, fide yetistiriciliginde ve tohum on islemi
uygulamalarinda kullanilabilecek katma degeri yiiksek bir {iriin olarak ifade etmistir [6].

Yaragir (2018), misirda yapmis oldugu ¢aligmada, ti¢ farkli kat1 biyogaz dozunun (0, 2
ve 4 ton dal), iki farkli mineral azot dozu (0 ve 20 kg da™) ve siv1 biyogazin ii¢ degisik dozu
(0.0, 2.5, 5.0 ton da’!) ve bunlarin kombinasyonlarinin bazi agronomik, kalite 6zellikleri ve tane
verimine olan etkilerini incelemistir Hem kati hem sivi biyogaz atig1 giibrelerin musir
tiretiminde diger organik giibrelere alternatif olarak kullanilabilecegini tavsiye etmislerdir[45].
Ibil (2019), sorgum-sudanotu melezinin [Sorghum bicolor (L). Moench] Rox ¢esidi ile sorgum
bitkisinin (Sorghum bicolor x Sorghum sudanense Mtapf) Gozde-80 c¢esidi ile yaptigi
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calismada, Aydin ekolojik kosullarinda 5 farkli kat1 biyogaz dozu (0, 500, 1000, 1500, 2000 kg
da) uygulamasinin verim ve kalite iizerine etkilerini incelemistir. Kat1 biyogazm kullanilan
cesitlerin yaprak sayisi, kuru ot verimi, bitki boyu gibi verim 6geleri ve NDF, ADL, ADF, ham
protein orani gibi kalite parametreleri lizerine etkileri iizerine herhangi bir doz Onerisinde
bulunmamustir [46].

Kara ve ark. (2019), yaptiklar1 calismada 0, 9, 18 kg da™* azotlu mineral giibre ve 0, 2,
4, 6, 8 ton da?! kati biyogaz dozu ile bunlarin kombinasyonlarinin bugdayin antioksidan
aktivitesi ve fenol igerigi lizerine etkisini arastirmislardir. Maksimum fenol igerigi 331. 99 pg
GAE g!ile 2 ton da? kat1 biyogaz uygulamasi ve 18 kg saf N da uygulamasindan elde
edilmistir. Antioksidan aktivite degerleri ise %16.17-29.68 arasinda degismis olup, en yliksek
deger 2 ton da! kat1 biyogaz atik ve 18 kg saf N da™! uygulamasindan elde edilmistir. Calismada
en iyi sonuclar 18 kg da mineral azot ile 2 ton da kat1 biyogaz atig1 karisimindan elde
edilmistir [47].

Demirel ve Erekul (2020), yapmis olduklari ¢aliymada BFU giibre uygulamasmin
bugdaymn gelisimi ve mineral beslenmesine etkisini arastirmistir. BFU niin topragin yarayish
besin elementi iceriklerini iyilestirerek bugdaymn mineral beslenmesini ve topraktan almisg
oldugu besin elementi miktarlarini olumlu yonde etkiledigini bildirmislerdir [48].

Haciriistemoglu (2021), biyogaz iiretimi sonucu ortaya ¢ikan organik giibre ile ayr1 ayr1
yerlerde ya da bir arada uygulanan potasyum (K), fosfor (P) ve azot (N)’un bugdayin (Triticum
aestivum L.) besin elementleri alim1 ve gelisimi lizerine etkisini incelemistir. Sera kosullarinda
olusturulan saks1 denemeleri sonuglarma gore, BFU giibrenin bitki besin elementleriyle bir
arada bitki gelisimi {lizerindeki etkisinin olumlu oldugu tespit edilmistir. Uygulamanin tiim
saksiya karigtirma ve o6zellikle de ylizeyin 5 cm altina yapildiginda daha iyi sonuglar verdigi
gozlemlenmistir [43].Yaylaci (2020), ciftlik giibresinden elde edilen biyogazin, Tarm-92 arpa
cesidinde kalite 6zellikleri, verim ve verim 6geleri ile lizerine etkilerini arastirmistir. Calismada
farkl1 dozlarda (0, 1, 2, 3 ve 4 ton da™) biyogaz atig1 uygulanmistir. Arastirmada incelenen
ozellikler lizerine biyogaz ati31 uygulamalar1 olumlu etkide bulunmus, arpa yetistiriciliginde 3
ton da biyogaz atiginin hem kalite 6zellikleri hem verim iizerinde en iyi sonuglar1 verdigi ifade
edilmistir [49].

Ulkemiz igin ok degerli bir meyve olan ceviz iiretimi igin biyogaz iiriinii olan fermente
giibrenin kullanim1 hem verimi hem de {iriin kalitesini arttiracaktir. Ceviz bahgelerindeki toprak
iceriginin organik madde miktarina baglh olarak degisebilecek verim miktar: toprak analizine

baglhdir. Eger organik madde yoniinden ¢ok fakir bir toprak degil ise kullanilabilecek olan bir
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biyogaz ciktis1 olan organik giibre bitki boyunu ve bitki vejetasyonunu artirarak verimi %30-
35 arttirabilmektedir. Tirkiye’de de onemli bir potansiyele sahip ceviz bahgelerinde bu

giibrelerin uygulanmasi gelecek agisindan 6nem arz etmektedir.
5. SONUC ve ONERILER

Tarimsal ve kentsel artiklarin en dogru bi¢cimde degerlendirilip organik maddesi diisiik
topraklara ilave edilmesi Tiirkiye’de tarim sektoriiniin Oncelikli hedeflerinden olmast
gerekmektedir. Ayrica, ortaya cikan atiklarin g¢evresel riskler olusturmasinin da Oniine
gecilmesi saglanabilmelidir. Uzerinde yasadigimiz diinyanin ekosistemini korumak, daha temiz
ve verimli iiretim saglamak i¢in evrensel eylemler gerekmektedir.

Tiirkiye’nin enerji tiketiminde disa bagimliliginin azaltilmasi, organik atiklarin
degerlendirilmesi ile bu atiklarin yarayish bir sekilde topraga geri kazandirilmasi biyogaz tesis
sayisinin artiritlmasi ile miimkiindiir. Atiklarin topraga kazandirilmasi biyogazin bir ¢iktist olan
fermente giibreler ile saglanabilmektedir.

Giliniimiizde treticilerin biiyiik bir kisminin klasik kimyasal giibre kullanimin1 tercih
etmelerinden dolay1 lilkemizde fermente giibrelerin ¢ok yaygin kullanima sahip olmadigini
gormekteyiz. Tiirkiye’nin bir¢ok ilinde biyogaz iiretimi sonucu agiga ¢ikan fermente giibrenin
ticari satigm1 yapan firmalar bulunmaktadir. Uretici toprak analizini yaptirip bitki istegine gore
satig noktalarindan istedigi icerige sahip fermente giibreye ulasabilmektedir. Fermente giibre,
istedigi icerige sahip degil ise, fermente giibrenin igeriginin disinda bu giibreye fiziksel olarak
eklenmis minerallerden olusmus organomineral giibreleri tercih edebilirler.

Ceviz treticileri de toprak analizleri sonucunda kullanabilecekleri fermente giibre veya
organomineral gilibreleri tercih ederek Tiirkiye’de 6nemli bir ekonomik potansiyele sahip bu
meyve tiirliniin ceviz bahgelerine uygulanmasi ile hem verim artisin1 saglayan hem de iiriin
kalitesini arttiran bir sonuca varabilirler. Ceviz lilkemizde birgok sektorde kullanilmaktadir.
Ayrica ceviz kabugu atiklar1 biyokiitle liretiminde de dnemli bir hammaddedir. Tiirkiye ceviz
iiretiminde diinya {i¢linciisii olmasina ragmen verimde diinya ortalamasinin altindadir. Verim
diisiikliigli sorununun ortadan kaldirilmasinda organik icerigi yiiksek giibrelerin kullanimi
kacimilmazdir. Cevre dostu olan biyogaz fermente giibrelerin iilkemiz ceviz {iretiminde
kullanim1 hem cevizin verim ve kalitesini artiracak hem de toprak verimliliginin artmasina

sebep olarak siirdiiriilebilir tarima da katki saglayacaktir.
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Tesekkiir

Calismamizda etik kurul izni gerekmemistir ve ¢calismamiz arastirma ve yayin etigine uygun

olarak hazirlanmistir. Yazarlar arasinda herhangi bir ¢ikar catismasi bulunmamaktadir.

Yazarlar ¢aligmaya ortak katki saglamstir.

Cikar Catismasi Beyani

Yazarlar arasinda ¢ikar catigsmasi yoktur.

Arastirma ve Yayin Etigi Beyam

Calisma, arastirma ve yayin etigine uygundur.
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ABSTRACT

Developing sustainable and renewable energies can solve the energy crisis in the world. In this regard, one of the
focal points in the energy field is to expand the use of lower-carbon technologies soon. Furthermore, it is necessary
to prevent depletion problems of non-renewable energy resources and environmental issues such as climate
change. Energy security can be improved by using sustainable and renewable energy sources. Transitioning to
sustainable energy is vital, especially in sectors with high energy consumption, such as aviation. Hydrogen can
play a critical role in the transition to sustainable energy, as it has enormous potential and can be used as an energy
carrier. However, the purity rate of the hydrogen produced and the storage problems of the hydrogen are obstacles
to the widespread use of hydrogen. The purity of hydrogen is related to the technology used to produce the
hydrogen. In this context, hydrogen production with a renewable energy source is mentioned in this study. Also,
the usability of a metal hydride to overcome hydrogen storage problems is discussed. In the literature, many
researches and studies exist on sustainable development goals and hydrogen energy. However, studies and analyses
on the relationship between hydrogen energy and sustainable development goals are lacking. This review mentions
the importance of hydrogen energy in line with sustainable development goals. In addition, it is aimed to create a
source for future studies by compiling studies in the literature on sustainable energy sources, hydrogen production
methods and hydrogen storage with metal hydrides.
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Surdirilebilir Enerjide Kritik Roli Olan Hidrojen
Uzerine Bir inceleme

OZET:

Siirdiiriilebilir ve yenilenebilir enerjiler gelistirmek diinyadaki enerji krizini ¢6zebilir. Bu baglamda enerji
alanindaki odak noktalarindan biri de diigiik karbonlu teknolojilerin kullaniminin yakin zamanda
yayginlastirilmasidir. Ayrica yenilenemeyen enerji kaynaklariin tilkenme sorunlarinin ve iklim degisikligi gibi
¢evresel sorunlarin dnlenmesi gerekmektedir. Enerji glivenligi, siirdiiriilebilir ve yenilenebilir enerji kaynaklar
kullanilarak gelistirilebilir. Stirdiiriilebilir enerjiye gegis, 6zellikle havacilik gibi enerji tiikketiminin yiiksek oldugu
sektorlerde hayati 6nem tasiyor. Hidrojen, muazzam bir potansiyele sahip olmas1 ve bir enerji tasiyicisi olarak
kullanilabilmesi nedeniyle siirdiiriilebilir enerjiye gegiste kritik bir rol oynayabilir. Ancak iiretilen hidrojenin saflik
orant ve hidrojenin depolanmasi problemleri, hidrojenin yayginlasmasina engel teskil etmektedir. Hidrojenin
saflig1, hidrojeni iiretmek i¢in kullanilan teknoloji ile ilgilidir. Bu baglamda, bu ¢aligmada hidrojenin bir yenilebilir
enerji kaynagi ile diretilmesine deginilmigtir. Ayrica hidrojenin depolanma problemlerinin {istesinden
gelinebilmesi i¢in bir metal hidritin kullanilabilirligi tartigilmistir. Literatiirde siirdiiriilebilir kalkinma hedefleri ve
hidrojen enerjisi ile ilgili bircok arastirma ve ¢alisma bulunmaktadir. Ancak, hidrojen enerjisi ile siirdiiriilebilir
kalkinma hedefleri arasindaki iligkiye yonelik caligmalar ve arastirmalar eksiktir. Bu derleme, siirdiiriilebilir
kalkinma hedefleri dogrultusunda hidrojen enerjisinin dneminden bahsetmektedir. Ayrica siirdiiriilebilir enerji
kaynaklari, hidrojen iiretim yontemleri ve hidrojen depolanmasi ile ilgili literatiirdeki caligmalar derlenerek ileride
yapilacak ¢aligmalara kaynak olusturulmasi amaglanmustir.

Anahtar Kelimeler: Temiz Enerji Kaynaklari; Siirdiiriilebilir Kalkinma; Siirdiiriilebilir Enerji
ile Hidrojen Uretimi; Metal Hidritlerle Hidrojen Depolanmast.

1. INTRODUCTION

Aydin [1] stated that the energy demand could be supplied from renewable or non-renewable
energy sources. Firoz [2] noted that underground minerals and fossil fuels such as natural gas
and coal are considered non-renewable energy sources. The preference for non-renewable
energy sources such as fossil fuels as an energy source leaves a wearing and negative effect on
the environment [3]. Ilker et al. emphasized that non-renewable energy resources such as oil,
coal and natural gas may become depleted in the future [4]. According to the 'COP24 Special
Report', non-renewable energy sources such as oil and natural gas cause air pollution and
climate change [5]. Falehi and Rafiee [6] emphasized that commercial management in the world
mostly depends on fossil fuels. Farhad et al. [7] pointed out that the consumption of fossil fuels
is increasing globally and that this situation has adverse effects on the environment, such as
climate change. Olabi and Abdelkareem [8] stated that despite the harmful effects of fossil
fuels, they continue to be used intensively in the energy sector. Zoungrana and Cakmakci [9]
emphasized that due to the continuation of the fossil energy consumption model, the world will
be challenging to live in due to the environmental impact and the formation of greenhouse
gases. Shoaib et al. [10] emphasized that non-renewable energy resources are running out.
While greenhouse gas emissions are formed using non-renewable energy sources, greenhouse
gas emissions can be controlled using renewable energy sources [11].
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Renewable energy is vital to prevent environmental problems such as the depletion of non-
renewable energy sources and climate change [12], [13]. Zhao et al. [14] pointed out that in
many countries, priority is given to renewable energy studies to reduce environmental pollution
and overcome the energy problem. Chehouri et al. [15] stated that there is a tendency towards
alternative renewable energy sources due to the ever-increasing energy demand in the world.
Renewable energy sources are energy types that do not experience depletion problems and have
fewer harmful environmental effects than traditional energy production methods [16]. Barros
et al. [17] mentioned in their study that using renewable energy sources can reduce adverse
ecological effects. Sadorsky [18] noted that using renewable energy sources can increase energy
security, and the effects caused by fossil fuel consumption can be reduced. Han et al. [19]
emphasized the importance of incentives for renewable energy sources. Uihlein et al. [20] stated
that renewable resources had gained prominence in many areas due to their environmental
significance and limited fossil resources. Marks-Bielska et al. [21] mentioned that using
renewable resources in energy production is very important to prevent economical problems
and ensure energy security.

Dincer [22] stated that renewable energy sources are closely related to sustainable development.
Sustainable development is a circular investment or technology that changes to suit our present
and future needs [23]. The United Nations recommends producing low-cost sustainable energy
resources to ensure energy security and sustainable growth within the scope of the Sustainable
Development Goals [24]. One of the sustainable development goals is to make clean energy
more accessible [25]. With the widespread use of renewable energy within the scope of
sustainable development goals, problems such as climate change can be combated [26].

For this reason, sustainable development must prefer renewable energy sources such as
biomass, wind, and sun to supply the energy needed [27]. Kumar and Majid [28] stated that
renewable energy sources play a vital role in sustainable energy supply. Rezaei et al. [29]
emphasized that using renewable energy resources is one of the most effective and efficient
solutions to achieve sustainable development goals. Ostergaard et al. [30] stressed that
sustainable energy is a prerequisite for sustainable development.

Barreto et al. [31] mentioned that hydrogen-based energy systems could meet sustainability
goals and are convenient and advantageous because they are reliable and clean. Falcone et al.
[32] pointed out the increasing interest in hydrogen regarding industry development and
society's sustainable development. Midilli et al. [33] stated that hydrogen production could also
be carried out sustainably since hydrogen can be produced from sustainable and renewable
energy sources.

There are many researches and studies on sustainable development goals and hydrogen energy
in the literature, but research and analyses on the relationships between hydrogen energy and
sustainable development goals are lacking. Environmental problems such as depletion and
climate change due to non-renewable energy sources should be prevented. Furthermore, energy
security can be improved by using sustainable and renewable energy sources. As a clean and
renewable option, hydrogen will play a vital role in building a sustainable energy future.
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Hydrogen can be shown among the strongest candidates to ensure the transition to sustainable
energy. However, the purity of hydrogen energy needs to be increased. Moreover, there are
already storage problems for hydrogen. In this context, since the potential of solar energy is
relatively high, hydrogen production from solar energy is one of the methods that can be used
for sustainable energy. In addition, the storage problem that limits the use of hydrogen can be
solved by using metal hydrides. Therefore, the second part discusses hydrogen production
methods with solar energy and hydrogen storage with metal hydrides. This review mentions the
importance of hydrogen energy in line with sustainable development goals and examines
hydrogen production methods with sustainable energy sources. In this article, studies in the
literature about hydrogen production methods with sustainable energy sources have been
compiled, and it is aimed to create a resource for future studies.

2. HYDROGEN PRODUCTION USING SUSTAINABLE ENERGY AND HYDROGEN
STORAGE WITH METAL HYDRIDES

2.1. Hydrogen Production with Sustainable Energy

Khalilnejad and Riahy [34] stated that hydrogen could be a reliable option in any application
where fossil fuels are used. Hydrogen is low-cost, clean, and high-performance [35]. Hydrogen
has high specific energy content and a low emission rate [36]. Hydrogen can be used as a fuel
and is preferred as an energy carrier in storage and fuel cells [37]. Since hydrogen is the most
common ingredient globally, it can be obtained from renewable and non-renewable sources and
various processes [38]. Singh et al. [39] stated that hydrogen could be produced with almost
any energy source. Ishaq et al. [40] noted that hydrogen production methods could be classified
into three basic categories: renewable energy-based, nuclear energy-based, and coal
gasification-natural gas based. Wang et al. [41] pointed out that most of the hydrogen
production in the world is carried out with fossil fuels. Yu et al. [42] stated that hydrogen is
mainly produced worldwide by converting fossil fuels, such as reforming natural gas with
steam. Hosseini and Wahid [43] noted that hydrogen production techniques with non-renewable
energy sources are widely used. Nikolaidis and Poullikkas [44] stated that hydrocarbon
reforming and pyrolysis methods could produce hydrogen from fossil fuels. Harichandan et al.
[45] emphasized that hydrogen purity is related to the technology used to produce and use
hydrogen. Frowijn and Van Sark [46] stressed that renewable hydrogen production methods
should be preferred for a sustainable future.

Since the potential of solar energy is relatively high, hydrogen production from solar energy is
one of the methods that can be used for sustainable energy [47]. Agrafiotis et al. [48]
emphasized that sunlight can be converted to hydrogen to benefit from solar energy. Solar
hydrogen production systems generally include photoelectrochemical, concentrated solar
thermal, photobiological, and photovoltaic processes [49], [50]. Table 1 shows the advantages
and disadvantages of various hydrogen production methods [51], [52], [53], [54], [55], [56],
[57], [58], [59], [60], [61], [62], [63], [64]. [65], [66], [67], [68].
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Table 1.The advantages and disadvantages of various hydrogen production methods[51], [52],

[53], [54], [55], [56], [57], [58], [59], [60], [61], [62], [63], [64], [65], [66], [67], [68].

Method

Photovoltaic

Photoelectrochemical

Photobiological

Concentrated solar
thermal

Advantage

It is low cost.

It uses solar energy in an
accessible way.

There is no greenhouse gas
emission.

No pollution for the environment.

It has no moving parts and has an
extensive working capacity.

It is environmentally friendly as it
has fewer emissions.

It can be installed on large/small
systems with simple technology.

It is efficient, low-cost, and
straightforward.

Its efficiency is high, and it does
not cause environmental pollution.

It does not cause greenhouse gas
emissions.

It is an easily applicable method.

By using high-concentration solar
thermal, very high-efficiency rates
can be achieved.

It can store heat energy, and this
energy can be used in the absence
of sunlight.

It plays an essential role in
reducing greenhouse gas
emissions compared to traditional
heating systems.

It offers the opportunity to
hybridize with different systems.

Ref.
[51].
[52].

[52].

[53].
[54].

[55].
[57].

[58].

[59],
[60].

[62].

[62].

[64].

[67].

[68].

[66].

Disadvantage

It cannot provide energy in the
absence of sunlight.

A large amount of light is needed.

It should be improved in terms of
sustainability and cost.

Its use in large-scale production is
limited in cost and sustainability.

Both economic and technical
feasibility should be considered for
hybridization.

Ref.
[52].

[56].

[61].

[63].

[65],
[66].

In table 1, it is seen that photovoltaic technology is low-cost [51], can benefit from sunlight
[52], does not cause environmental pollution [53], does not contain moving parts [54], but
cannot produce energy in the absence of sunlight [52]. On the other hand, when
photoelectrochemical technology is examined, it is understood that it has less emission [55],
can be used in small or large systems [57], is efficient and cheap [58], but requires a high
amount of light [56]. When photobiological technology is examined, it is understood that it is
highly efficient [59], [60], does not generate greenhouse gases [62], and is easily applicable
[62], but needs to be improved in terms of sustainability and cost [61]. Therefore, its use in
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large-scale production is limited [63]. On the other hand, when concentrated solar energy is
examined, it is understood that it can reach high-efficiency rates [64], has heat energy storage
capacity [67], plays a vital role in reducing greenhouse gas emissions [68], and offers the
opportunity to hybridize with different systems [66]. Still, hybridization's economic and
technical feasibility should be evaluated [65], [66].

Khalilnejad et al. [51] stated that photovoltaic systems can be preferred for energy production
due to their environmental friendliness, abundance, and low cost. Furthermore, they
emphasized that photovoltaic energy can be converted into hydrogen fuel in terms of reliability.
In obtaining hydrogen with photovoltaic systems, photovoltaic cells convert solar energy into
electrical energy [69]. Figure 1 shows the method of obtaining hydrogen using a photovoltaic

system [37], [70], [71].
HZO]

p-| Electrolyzer
A Y,

Figure 1: Hydrogen production method using the photovoltaic system [36], [69], [70].

Electricty

Photovoltaic
System

As seen in Figure 1, the first energy is produced by photovoltaic cells, which are used to obtain
hydrogen in water electrolysis [46]. Gibson and Kelly [72] found that the efficiency of the
photovoltaic electrolysis system increased thanks to the optimization they made using the
method of matching the voltage and maximum power output of the photovoltaics with the
working voltage of the proton exchange membrane (PEM) electrolyzers. Peharz et al. [73]
presented an integrated design combining high-efficiency I111-V solar cells with a polymer
electrolyte membrane electrolyzer. Thanks to this design, they determined that the conversion
efficiency from the sun to hydrogen increased. Dahbi et al. [74] found that the efficiency of the
photovoltaic system increased due to their investigation by combining a DC/DC converter and
a water flow controller. Bicer et al. [75] established a solar simulator for obtaining hydrogen
using photovoltaic cells. They used a reflective mirror in this simulator, and as a result of the
investigations, they found that using a reflective mirror reduces efficiency. In another study,
Erden et al. [76] examined an integrated system for hydrogen production by electrolysis,
consisting of a plate collector, a solar pool, and an organic Rankine loop. As a result of these
investigations, they determined that more electricity was produced.

Another preferred method for hydrogen production using solar energy is the
photoelectrochemical method. This method obtains the energy needed in water electrolysis
using photoelectrochemical cells [53]. The photoelectrochemical system comprises a photo
anode, photocathode, and electrolyte [56], [57]. Electron hole pairs are formed when sunlight
falls on the photo anodes. These vacancies are separated from the electrons and react with water,
thus releasing oxygen and positively charged hydrogen as a result of the reaction. Electrons
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circulate outside and reach the photocathode. Due to the potential difference between the
photoelectrodes, an electric field is created, and the electrons react with the positive hydrogen
ions formed by the dissociation of water to form hydrogen gas [57], [77]. Kim et al. [78] stated
that perovskite solar cells could be used in photoelectrochemical hydrogen production due to
their electrical and optical properties. Licht [79] presented a model for increasing the hydrogen
production rate. According to the given model, it is stated that short-wavelength radiations
from the sun are used in the photoelectrochemical conversion. In contrast, long-wavelength
radiations from the sun heat the reactor and reduce the water-splitting potential. Thus, they
stated that solar electrolysis could be performed at high temperatures, where water is the most
efficient for hydrogen production. Boudjemaa et al. [80] examined hydrogen production with a
photo anode formed with the Fe>Os structure in their study. As a result of this examination, they
determined that the system increased the hydrogen production efficiency. Alarawi et al. [81]
investigated MoS2/Si-heterojunction photocathode for photoelectrochemical hydrogen
production in their study and found that the MoS,/Si-heterojunction photocathode had high
performance.

The photobiological method of hydrogen production is a method that requires a light source for
energy production, a substrate to obtain electrons, and a catalyst to combine protons and
electrons [82]. The photobiological hydrogen production method is a promising technique that
can replace fossil fuels [83]. Chen [61] states that the photobiological hydrogen production
method is one of the most effective green hydrogen energy production methods. Wautthithien et
al. [84] also noted that the photobiological hydrogen production method attracts attention due
to its high potential and low environmental impact.

Chen et al. [85] reported that the photobiological hydrogen production method had attracted
much attention by solving the limiting factors of oxygen scavengers and sulfur deprivation.
Biological hydrogen production techniques are divided into two main groups: light-dependent
and light-independent processes [86]. Indirect biophotolysis, direct biophotolysis and photo
fermentation are light-dependent. But dark fermentation is light-independent [53], [86]. The
biophotolysis method involves the decomposition of water by light in the presence of
cyanobacteria or microalgae [86]. Many techniques can be used for photobiological hydrogen
production. But microalgae, cyanobacteria and purple non-sulfur bacteria stand out among
these techniques [87]. The efficiency of hydrogen production with microalgae in processes such
as light capture efficiency, oxygen sensitivity and carbon dioxide fixation efficiency is low,
which limits hydrogen production with microalgae [88]. Ge et al. [89] stated that adding sulfur
is essential in the photobiological production of hydrogen from microalgae. Table 2 shows the
advantages and disadvantages of various photobiological hydrogen production methods [44],
[86], [90], [91], [92], [93].

Table 2. Advantages and disadvantages of various photobiological hydrogen production
methods [44], [86], [90], [91], [92], [93].

Method Advantage Ref. Disadvantage Ref.
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Direct
biophotolysis

Indirect
biophotolysis

Photo
fermentation

Dark
fermentation

Hydrogen can be produced
directly using water and sunlight.

There is an increase in energy
conversion efficiency from the
sun.

Nitrogen (N2) can be fixed from
the atmosphere.

Hydrogen can be extracted from
water with the use of
cyanobacteria.

The use of intense spectral light
energy is possible.

Different types of organic waste
can be used.

It contributes to the recycling of
waste.

It has a high substrate conversion
capacity.

Hydrogen can be produced
without sunlight.

Many carbon sources can be used
as substrates.

Important metabolites, such as
acetic acid, butyric acid, etc., are
formed as by-products.

Problems such as oxygen
limitation do not occur.

It contributes to the recycling of
waste.

[86],
[90]1
[92]1
[93].

[86],
[90].

[86],
[90],
[92].

[86],
[90].

[86],
[92],
[93].

[44],
[93].

[44].

[90],
[91].

[44],
[92],
[93].

[86],
[92],
[93].

[86],
[92],
[93].

[44] ’
[91],
[93].

[44].

High-intensity sunlight is needed.

It is susceptible to oxygen.

Hydrogenase enzymes must be
removed to prevent the degradation of
hydrogen.

The gas mixture contains 30% oxygen.

Oxygen has an inhibitory effect on
nitrogenase.

The conversion rate of sunlight is
relatively low.

It needs sunlight.

A large reactor surface area is required.

The PH value and stretch of the
solution affect the hydrogen
production rate.

It is not suitable for large-scale
hydrogen production.

Pre-treatment may be required due to
the toxic nature of the substrate used.

Hydrogen efficiency is lower.

Fatty acids are removed.

The hydrogen production rate is
affected by the PH value of the
solution and the salt content.

[90],
[93].

[90],
[93].

[90],
[93].

[90],
[93].

[93].

[93].
[44].
[44],
[90].

[91].

[91].

[90].

[44],
[93].

[44].

[91].

Table 2 shows that direct biophotolysis technology can produce hydrogen by directly using
water and sunlight [86], [90], [92], [93], increases solar energy conversion efficiency [86], [90],
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but requires high-intensity sunlight [90], [93] and is susceptible to oxygen [90], [93]. On the
other hand, in indirect biophotolysis, nitrogen (N2) can be fixed from the atmosphere [86], [90],
[92]. In this technique, hydrogen can be obtained from water using cyanobacteria [86], [90].
However, in the indirect biophotolysis method, hydrogenase enzymes must be removed to
prevent the degradation of hydrogen [90], [93]. Furthermore, in this method, the gas mixture
contains a high percentage of oxygen [90], [93]. When the photo fermentation technology is
examined, it is understood that it is possible to use intense spectral light energy [86], [92], [93],
different organic wastes can be used [44], [93], and it has a high substrate conversion capacity
[90], [91]. However, it is understood that photo fermentation technology has a meager light
conversion rate [93], requires a large reactor surface area [44], [90], and is not suitable for large-
scale hydrogen production [91]. On the other hand, in the dark fermentation method, hydrogen
production can be realized without sunlight [44], [92], [93], and many carbon sources can be
used as substrates [86], [92], [93]. Moreover, there is no oxygen limitation in this method [44],
[91], [93]. However, removing fatty acids is required in dark fermentation [44]. In this
technique, the hydrogen production rate is affected by the PH value of the solution and the salt
content [91].

Yang et al. [94] stated that the method of energy production using concentrated solar energy is
a new technology. This method differs from photovoltaic production regarding thermal energy
storage and production technique [94]. With the concentrated solar thermal process, radiation
from the solar can be converted into heat and electricity [67]. Storing energy with a concentrated
solar thermal method is straightforward [66]. This technique includes processes such as solar
thermolysis and solar thermochemical cycles [50]. In solar thermolysis, water is thermally
decomposed under high temperatures to produce hydrogen [50], [53]. In the solar
thermochemical cycle technique, heat and electrolysis are used together to decompose water
into hydrogen and oxygen [95]. Fang et al. [96] emphasized that the efficiency of gasification
could be improved by integrating the concentrated solar thermal method and biomass
gasification technology. Temiz and Dincer [97] examined integrating the concentrated solar
copper-chlorine (Cu-Cl) cycle with thermal energy storage and geothermal systems to obtain
products such as hydrogen and electricity. They stated that production improved with this
integration.

2.2. Hydrogen Storage with Metal Hydrides

To produce hydrogen, first of all, energy is produced by any method, and then the energy
produced is converted into hydrogen. Other processes can be summarized as the storage of
hydrogen, it's recycling into various forms of energy transport, and energy consumption [98].
Amirthan and Perera [99] stated that one of the factors that need to be developed regarding
hydrogen is storage systems. Excess hydrogen produced by various methods can be stored so
that the stored hydrogen can be reused when needed [100]. Zhang et al. [101] stated that
hydrogen could be stored in many forms, such as solid, liquid, gas, or derived chemical
molecules. Chu et al. [102] emphasized the need for hydrogen storage improvements.

In recent years, research on material-based hydrogen storage has gained importance [103].
Huang et al. [104] stated that metal hydrides could be used for solid-state hydrogen storage.
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However, they emphasized that the gravimetric hydrogen storage densities of metal hydrides
are low. They stated that amorphous structures could be used to increase the performance of
metal hydrides [104]. Edalati et al. [105] stated that magnesium and its alloys could be used in
solid-state hydrogen storage as metal hydrides.

Li et al. [106] stated that magnesium hydride (MgH>) could be used for hydrogen storage due
to its advantages, such as being environmentally friendly and having a high storage capacity.
However, there are problems to be solved regarding the thermodynamics and kinetics of these
materials [105]. Ding et al. [107] emphasized that magnesium-based solid-state hydrogen
storage could be used. Still, problems such as low high operating temperature and slow reaction
rate of magnesium hydride (MgH2) must be overcome [107]. Table 3 shows the properties of
magnesium hydride (MgH2) [108], [109], [110], [111].

Table 3. Properties of magnesium hydride (MgH2) [108], [109], [110], [111].

Properties MgH: Ref.

H-atoms per (x1022/cm?®) 6.7 [109].

Hydrogen capacity (%) 7.6 [108], [109],
[110].

Useable temperature range (°C) 350-450 [110].

T1 bar (°C) 282 [110].
Density (g/cm?) 14 [109].
Energy density (kJ/kg hydride) 2811 [111].

Sui et al. [112] emphasized that nanostructured magnesium-based hydrogen storage can
improve the hydrogen storage capacity of magnesium-based materials. They also emphasized
that adding a catalyst and alloy can reduce the dehydrogenation temperature of magnesium-
based materials [112]. Yahya et al. [113] studied the effect of adding KoNbF7 to MgH2 material
in their study. As a result of this review, it was emphasized that positive results were obtained.

Ismail [114] investigated the hydrogen storage capacity of lanthanum chloride (LaClz) doped
MgH2 material. This study determined that the sorption kinetics of MgH2> material improved by
adding LaCls. In addition, it was determined that the decomposition temperature of MgH2
material decreased.
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Ismail [115] investigated the effect of adding Hafnium Tetrachloride (HfCls) at specific rates
to MgH. material. As a result of this examination, it has been determined that the best ratio for
MgH2 material to reduce the decomposition temperature and improve its kinetic performance
is 15%.

3. THE ROLE OF HYDROGEN IN BUILDING A SUSTAINABLE FUTURE

In parallel with the recent intensive population growth and rising living standards, there has
been a significant increase in global energy consumption [116]. Fossil fuels provide about 80%
of the energy needed [117]. The high use of fossil fuels causes global warming and
environmental pollution [118]. Because such energy sources face depletion problems and cause
climate change, the search for alternative renewable resources has increased in many countries
[119]. The transition to low-carbon energy is based on developing renewable and sustainable
energy systems [120]. In this context, hydrogen may be the most suitable option to replace fossil
fuels [121].

Hydrogen has the advantages of high heating value and non-pollution [122]. Moreover,
hydrogen has the benefits of being the lightest element and having a long storage life [123].
Hydrogen is referred to as the 'ultimate energy carrier' [124]. Hydrogen has become the center
of attention in sustainable energy due to its high conversion efficiency, high energy density,
abundance in nature and environmental friendliness [125]. Hydrogen has come into focus due
to its potential use as an energy carrier in fuel cells [126].

Further expansion and improvement of existing work in sustainable energy are essential for the
security and stability of our future. Hydrogen, a clean and renewable energy source, will be
vital in building a sustainable future. Hydrogen is one of the strongest candidates for sustainable
energy use. However, due to our limited hydrogen infrastructure, regular and reliable hydrogen
production shortcomings must be urgently addressed. Hydrogen will become a critical resource
in the future, as it can reduce greenhouse gas emissions and increase energy efficiency and
security. Shortly, hydrogen energy is expected to be used in many areas [127]. One of the most
critical problems in the coming years will be the inability to produce enough hydrogen [128].
The focus on hydrogen is no longer limited to the transportation sector; hydrogen has also
become a focal point in industries such as heating, steel and chemicals [129].

In recent years, there has been a remarkable increase and diversity in research and studies on
hydrogen production. Using non-renewable sources such as fossil fuels for hydrogen
production is very high today [130]. Renewable hydrogen production costs must be competitive
with other energy sources for sustainable hydrogen production to become widespread. For this,
systematic studies that will lead to definitive results are required. Besides the limiting factors
of hydrogen production, there are many technical problems to be solved, such as hydrogen
storage [131]. In this context, critical breakthroughs such as considering the impact of climate
change, designing integrated systems, and accelerating infrastructure and facility works are
essential.

3.1. Hydrogen's Role in Sustainable Aviation
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Baroutaji et al. [132] emphasized that the aviation sector significantly impacts world energy
consumption, with total energy consumption ranging from 2.5% to 5%. It is aimed to reach net
zero carbon emissions in the aviation sector by 2050 [133]. Sustainable aviation aims to use
renewable energy sources without leaving any environmental footprint [134].

Yusaf et al. [135] stated that hydrogen has a savior role in sectors such as aviation, which cause
environmental problems. Musa Ardo et al. [136] emphasized that hydrogen can replace fossil
fuels in the aviation sector. Penke et al. [137] stated that renewable hydrogen could be used to
produce aviation fuel. The preference for hydrogen in aviation is closely related to the
decarbonization of aviation [138]. In addition, using hydrogen in aviation can prevent problems
such as climate change [139]. Bauen et al. [140] stated that hydrogen has a much higher
gravimetric energy density than kerosene and a lower volumetric energy density than kerosene.
These properties of hydrogen are critical to aircraft performance [140].

Nicolay et al. [141] carried out an aircraft design and optimization to examine the potential of
liquid hydrogen and fuel cells in general aviation. In this context, they have completed the
hydrogen fuel cell-powered aircraft concept. It has been found that this aircraft concept does
not generate carbon dioxide emissions, and the performance of this aircraft design is
comparable to conventional aircraft performances. However, it was emphasized that this
hydrogen aircraft should be developed to show the same performance at higher altitudes [141].

Eissele et al. [142] investigated how a regional aircraft with a capacity of 50 passengers could
be hybridized to fly with minimal emissions in 2040. This study stated that liquid hydrogen
could be used efficiently by combining it with a fuel cell. They found that this integration is
feasible. However, they emphasized that hydrogen production and storage should be improved
[142].

Otto et al. [143] stated that hydrogen is a candidate that can be used as an energy carrier in
aircraft. However, due to the explosive nature of hydrogen, the use of hydrogen in aviation and
flight operations is quite risky [143].

4. CONCLUSION

Renewable or non-renewable energy sources can be used to meet the worldwide energy
demand. However, commercial management worldwide primarily depends on fossil fuels [6].
The preference for non-renewable energy sources, such as fossil fuels, causes air pollution and
climate change. Nevertheless, despite their adverse effects, fossil fuels are used extensively in
the energy sector [8]. If it continues like this, our living standards will become more difficult
due to the environmental impact and the formation of greenhouse gases [9]. This negative
situation can be controlled using renewable energy sources [11], [17]. In many countries,
priority is given to studies on renewable energy to reduce environmental pollution and
overcome energy problems [14]. In this context, incentives for renewable and sustainable
energy sources are significant. In addition, it is crucial to prefer renewable energy to prevent
economic problems and ensure energy security [21].
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Renewable energy and sustainable development are closely related. For example, the United
Nations recommends using low-cost sustainable energy resources to ensure energy security and
sustainable growth [24]. Energy security can be improved by choosing sustainable and
renewable energy sources. In this context, hydrogen can be used in the transition to sustainable
energy because it has low cost, is very clean, and has high performance [35]. Hydrogen can be
used as a fuel, as an energy carrier in fuel cells, or for storage [37]. Hydrogen can be produced
using almost any energy source [39]. Worldwide, hydrogen is produced mainly by converting
fossil fuels, such as steam-reforming natural gas [41], [42], [43].

The purity of hydrogen is related to the technology used to produce and use the hydrogen [45].
In this regard, using renewable and sustainable energy sources in hydrogen production is
essential. Since the potential of solar energy, a renewable energy source, is relatively high, it
can be wused in hydrogen production. Solar hydrogen generation systems cover
photoelectrochemical, concentrated solar energy, photobiological and photovoltaic methods
[49], [50]. Photovoltaic technology has advantages such as low cost, no environmental
pollution, and no moving parts. However, in the absence of sunlight, hydrogen production is
impossible with this technique [51], [52], [53], [54]. Photoelectrochemical technology has
advantages such as less emission, being able to be used in small or large systems, and low cost.
However, this technique requires much light [55], [56], [57], [58]. Photobiological technology
has the advantages of being highly efficient, not generating greenhouse gases, and being easily
applicable. However, this technique should be improved in terms of cost [59], [60], [61], [62].
Concentrated solar thermal technology has advantages such as being highly efficient, storing
heat energy, and hybridizing with different systems. Economic and technical feasibility must
be appropriate for hybridizing the concentrated solar thermal method with other systems [64],
[65], [66], [67], [68].

Hydrogen draws attention to sustainable energy due to its high conversion efficiency, energy
density, natural abundance, and environmental friendliness. Some advantages and
disadvantages of hydrogen production from solar energy are discussed above. In addition, the
importance of hydrogen was emphasized in line with sustainable development goals. It is seen
that the production of hydrogen with a renewable energy source such as the sun positively
affects the purity of the hydrogen.

In sectors with high energy consumption, such as aviation, it is necessary to use sustainable
energy sources instead of fossil fuels. In this context, hydrogen is a strong candidate for the
transition to sustainability in aviation. However, the factors affecting the use of hydrogen need
to be eliminated. The purity rate of the hydrogen produced and the storage problems of the
hydrogen are obstacles to the widespread use of hydrogen. In this context, producing hydrogen
with a renewable and sustainable method can increase hydrogen purity. This study investigated
the hydrogen production method with solar energy to increase the purity of the hydrogen
produced. It seems possible to produce hydrogen with solar technology. Moreover, the
abundance of sun and the high efficiency of solar technology increase the usability of this
technique. Another factor affecting the use of hydrogen is storage problems. In this study, the
availability of magnesium hydride (MgH>) for the storage of hydrogen was investigated. Using
MgH: for hydrogen storage can be presented as a possible solution. However, some problems
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must be solved regarding the thermodynamics and kinetics of MgH> materials. Some additives
can be added to the MgH. material to overcome these problems. However, MgH> materials still
need to be developed.
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