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Preface

Engineering is the use of scientific principles to design and construct
machines, structures and other items, including bridges, tunnels, roads,
vehicles and buildings. The engineering discipline encompasses a wide
range of specialized engineering fields, each with particular emphasis on
specific areas of applied mathematics, applied science, and application types.
Engineering is a sub-discipline created by the interdisciplinary partnership
that plays a very important role in the development and development of a
country. Engineering is a profession that develops economical methods to
present the forces and substances of nature for the benefit of human beings,
using the knowledge gained through study, experimentation and application
from the branches of mathematics and natural sciences wisely.

Because the engineering approach; It is the human approach whose job
is to solve problems. Employees who take the engineering approach know
how to see the unseen, find the unthinkable, target optimum solutions and
get the maximum benefit from the situation. On the other hand, although a
very broad and detailed definition comes to mind with the question of what
is engineering, we can say that engineering is the application of science and
mathematics necessary to solve problems. Engineers understand how things
work and find ways to use scientific discoveries in practical life.

This book published; It was created from the presentations of both their
own original studies and compilation studies from the literature presented
by academics who teach in various engineering branches. The aim here
is for engineers and academics interested in the subject to find important
engineering studies together. Therefore, I believe that the book will fill an
important gap and be useful to young researchers. In this context; We would
like to thank everyone who contributed scientifically to the book, in short,
who contributed to the preparation of the book for printing.

I hope that this published book will be useful to both engineers and

young academics, and I wish success to all engineers and young academics.

Prof. Dr. Kamil KAYGUSUZ
Mechanical & Chemical Engineer
Karadeniz Technical University
Energy Expert
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Onsoz

Miihendislik, kopriiler, tiineller, yollar, araglar ve binalar dahil olmak
tizere makineler, yapilar ve diger 6geleri tasarlamak ve inga etmek igin
bilimsel ilkelerin kullaniimasidir. Miihendislik disiplini, her biri uygulamali
matematik, uygulamali bilim ve uygulama tiirlerinin belirli alanlarina 6zel
vurgu yapan, genis bir yelpazede uzmanlagmig mithendislik alanlarini kapsar.
Miihendislik bir iilkenin kalkinmasinda ve gelismesinde gok 6nemli rol
oynayan disiplinler arasi ortakligin meydana getirdigi bir iist bilim dalidir.
Miihendislik, matematiksel ve dogal bilim dallarindan, ders ¢aliyma, deney
yapma ve uygulama yollar1 ile kazanilmig bilgileri akillica kullanarak, doganin
kuvvetleri ve maddelerini insanoglu yararia sunmak tizere ekonomik olan
yontemler geligtiren bir meslektir.

Clinkii mithendislik yaklagimzi; igi sorun ¢6zmek olan insan yaklagimidir.
Miihendislik yaklagimi iginde bulunan ¢alisanlar, goriilmeyeni gorerek,
diisiiniilmeyeni  bularak, optimum ¢oziimleri hedefleyip durumdan
maksimum fayday1 ¢ikarmayi bilirler. Diger taraftan miihendislik nedir,
sorusu ile aklimiza ¢ok genig ve detayl bir tanimlama gelse de genel olarak
miihendislik, problemleri ¢6zebilmek igin gerekli olan bilim ve matematigin
uygulanmasidir diyebiliriz. Miithendisler, bir seylerin nasil caligtigin anlar ve
bilimsel kegiflerin pratik hayatta kullanimi i¢in yontemler bulur.

Yayinlanan bu kitap; ¢esitli miihendislik dallarinda  hocalik  yapan
akademisyenlerin sunmus oldugu gerek kendi 6zgiin galigmalar1 ve gerekse
literatiirden aktarilan derleme galigmalarin bir araya getirilmig sunumlarindan
meydana getirilmigti.  Burada amag¢ konuyla ilgilenen miihendis ve
akademisyenlerin  6nemli sayillacak miihendislik ¢aligmalarini  bir arada
bulmalaridir. Dolayisiyla kitabin 6nemli bir boglugu dolduracagr ve geng
aragtirmacilara faydah olacagi kanaatindeyim. Bu baglamda; kitaba bilimsel katki
sunan, kitabr baskiya hazirlayan kisacas1 emegi gegen herkese tesekkiir ederiz.

Yayimlanan bukitabin gerek miithendislere ve gerekse geng akademisyenlere
faydali olmasimi diler; tiim miihendis ve geng akademisyenlere bagarilar
dilerim.

Prof. Dr. Kamil KAYGUSUZ

Makine & Kimya Miihendisi ve Enerji Uzmani
Karadeniz Teknik Universitesi ogretim Uyesi
Tiirkiye Bilimler Akademisi Asli Uyesi
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Chapter 1

Green Buildings for Climate Mitigation and
Sustainable Air Conditioning

Kamil Kaygusuz'

Abstract

Green buildings are energy efficient and environmentally responsible for
sustainable human health development. Their design, construction and
operational practices that consider sustainability will minimize their negative
impact on the environment and people, while taking into consideration
the financial impacts. Although solid energy policy architecture is in place,
sustainable energy targets are weak, government support is limited, and
bureaucratic hurdles for energy investment still frustrate potential investors.
Most importantly, many top policymakers do not seem to be ready to play
a productive role in designing a forward-looking, sustainable energy policy.
Construction sector has a great potential to reduce total energy consumption
through sustainable projects. All over the world policy makers have already
realized the potential and begun setting some governmental goals. This paper
discusses the green building concept for sustainable energy development.

1. Introduction

Climate change and its disastrous consequences are stimulating the
transformation towards a sustainable development, with its increasing
economic efticiency, protection and restoration of ecological systems and
improvement of human well-being [1]. The maintenance of natural resources
is a subject that often appears when sustainable development is considered. In
addition, with increasing world population and economic development, the
strain on resources is increasing. As economic development and environment
are linked, the realization has set in to conserve energy and natural resources.
The increased use of resources that cause pollution and emissions, highlight
the need to save and conserve energy for sustainable development. In

1 Department of Chemistry, Karadeniz Technical University, Trabzon, Turkey
E-mail: kamilk@ktu.edu.tr

© O d | Jtps://doi.ong/10.58830/0zgurpub389.c1607 1
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engineering, sustainable building design is a design ideology, which harbors
the notion of sustainable human development [2]. Sustainable development
can be defined in various ways. Every individual will approach the issue of
sustainability in a different manner depending upon various factors, such
as, sustainability goals, background, awareness, and economic conditions
[1-12].

Sustainability is providing opportunity of development to the future
generation, in terms of resources [4]. One of the key aspects in sustainability
is sustainable construction. Sustainable construction practices are such that
they are based on ecological principles, with no environmental impacts,
have a closed material loop, and have full integration into the landscape
after the service life of the structure is over [5]. The concept of green
buildings is the measure of our efforts in attaining that idealistic sustainable
construction practices. Green Building is the “practice of creating structures
and using processes that are environmentally responsible and resource-
efficient throughout a building life-cycle from siting to design, construction,
operation, maintenance, renovation, and deconstruction”. This definition
has evolved over the years. “Green Buildings” is an ever evolving, dynamic
term. Green Building is the status of our efforts in attaining sustainability in
construction practices [6, 7].

In order to be able to move towards our objective of sustainability, we
should have a clear definition of what is called as a green and sustainable
building, as it is defined by the US. Environmental Protection Agency
(EPA) [5], “Green building is the practice of creating structures and using
processes that are environmentally responsible and resource-efficient
throughout a building’s life-cycle from siting to design, construction,
operation, maintenance, renovation and deconstruction. This practice
expands and complements the classical building design concerns of economy,
utility, durability, and comfort. Green building is also known as a sustainable
building [7-12].

2. Mitigating Climate Change

The term climate change mitigation refers to strategies or actions that
attempt to limit the scale and rate of long-time climate change [8-10]. A
wide variety of measures are being attempted, including shifting to low-
carbon energy systems represented by wind, solar, and nuclear technologies;
designing compact urban areas with high-efficiency mass transit systems;
improvements to the efficiencies of motors, appliances, and air-conditioning
systems; and investments in bikeways and bicycling infrastructure, to
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name but a few. The problem, as noted, is that the trajectory of increasing
atmospheric CO, concentrations is such that it will take a vast coordinated
international effort to maintain climate change gas concentrations at levels
that will not cause certain catastrophe. We do know that CO, has increased
by over 60% since the start of the Industrial Age 230 years ago, from 280 to
400 ppm. In just 30 years since 1990, CO, levels have increased from 350
to 450 ppm, about 45% of the total. This acceleration in CO, levels shows
no sign of slowing down, and by 2040, we are likely to reach the critical
450 ppm level, the dividing line between a planet with glaciers, ice-covered
poles, and snow-covered mountaintops and one that is ice-free world [11,
12].

A wide variety of possible remedies are associated with climate change
mitigation, ranging from nontechnical, behavioral options to highly
technical solutions that remove carbon from the atmosphere and store it in
rock formations or caverns. This latter approach to handling climate change
gases is often referred to as climate engineering. The storage of CO,, either
by natural or climate engineering means, is known as carbon sequestration.
The natural sequestration possibilities for the excess carbon being created
by human actions include two major planetary environments: terrestrial and
ocean [8-12].

3 Toward
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Figure 1. The climate stabilization wedge or triangle vepresents the amount of carbon
must be prevented from entering the atmosphere to prevent the worst effects of climate
change [8].
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The Carbon Mitigation Institute [8] described eight major carbon
mitigation strategies, or stabilization wedges applied together in a
comprehensive fashion, do have the potential to reduce CO, to 2000 levels
by 2060. Each Stabilization Wedge can reduce human carbon emissions by
1.0 Gigaton (Gt) annually. Taken together, they constitute the triangular
area in Figures 1 and 2 which represents the additional carbon that will be
emitted if nothing is done to mitigate it, about 200 Gt. By 2060, if nothing
is done and carbon emissions continue to increase, we can expect triple the
atmospheric carbon of the pre-industrial era and an increase from 280 ppm
to almost 900 ppm. If, in contrast, carbon emissions could be flattened and
emissions would remain constant, the result would the possibility of adapting
to climate change without its worst effects. The Stabilization Triangle in
these figures represents the quantity of carbon that can possibly minimize
planetary scale disruptions, about 1.0 Gt per wedge in the triangle, or 8
billion tons total [8-12].
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Figure 2. The stabilization triangle has 8 wedges, each of which vepresents the prevention
of 1 gigaton of carbon from enteving the atmosphere [8].

3. Green building concept

The term green building refers to the quality and characteristics of the
actual structure created using the principles and methodologies of sustainable
construction. Green buildings can be defined as “healthy facilities designed
and built in a resource-efficient manner, using ecologically based principles”
Similarly, ecological design, ecologically sustainable design, and green design
are terms that describe the application of sustainability principles to building
design. Despite the prevalent use of these terms, truly sustainable green
commercial buildings with renewable energy systems, closed materials loops,
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and full integration into the landscape are rare to nonexistent. Most existing
green buildings feature incremental improvement over, rather than radical
departure from, traditional construction methods. Nonetheless, this process
of trial and error, along with the gradual incorporation of sustainability
principles, continues to advance the industry’s evolution toward the ultimate
goal of achieving complete sustainability throughout all phases of the built
environment’s life cycle [9].

High-performance green buildings marry the best features of conventional
construction methods with emerging high-performance approaches. Green
buildings are achieving rapid penetration in the US construction market for
three primary reasons [9]:

a) Sustainable construction provides an ethical and practical response
to issues of environmental impact and resource consumption.
Sustainability assumptions encompass the entire life cycle of the
building and its constituent components, from resource extraction
through disposal at the end of the useful life of the materials.
Conditions and processes in factories are considered, along with the
actual performance of their manufactured products in the completed
building. High-performance green building design relies on renewable
resources for energy systems; recycling and reuse of water and
materials; integration of native and adapted species for landscaping;
passive heating, cooling, and ventilation; and other approaches that
minimize environmental impact and resource consumption.

b) Green buildings virtually always make economic sense on an LCC
basis, although they may be more expensive on a capital, or first-cost,
basis. Sophisticated energy-conserving lighting and air- conditioning
systems with an exceptional response to interior and exterior climates
will cost more than their conventional, code-compliant counterparts.
Rainwater harvesting systems that collect and store rainwater for
nonpotable uses will require additional piping, pumps, controls,
storage tanks, and filtration components. However, most key green
building systems will recoup their original investment within a
relatively short time. As energy and water prices rise due to increasing
demand and diminishing supply, the payback period will decrease
(Kats 2003).

¢) Sustainable design acknowledges the potential effect of the building,
including its operation, on the health of its human occupants. A 2012
report from the Global Indoor Health Network suggested that, globally,

about 50 percent of all illnesses are caused by indoor air pollution.
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Estimates peg the direct and indirect costs of building-related illnesses
(BRIs), including lost worker productivity, as exceeding $150 billion
per year. Conventional construction methods have traditionally paid
little attention to sick building syndrome BRI, and multiple chemical
sensitivity until prompted by lawsuits. In contrast, green buildings
are designed to promote occupant health; they include measures such
as protecting ductwork during installation to avoid contamination
during construction; specifying finishes with low to zero volatile
organic compounds to prevent potentially hazardous chemical off-
gassing; more precise sizing of heating and cooling components to
promote dehumidification, thereby reducing mold; and the use of
ultraviolet radiation to kill mold and bacteria in ventilation systems.

At the onset of the green building movement, several state and local
governments took the initiative in articulating guidelines aimed at
facilitating high-performance construction. The Pennsylvania Governor’s
Green Government Council (GGGC) used mixed but very appropriate
terminology in its “Guidelines for Creating High-Performance Green
Buildings.” The lengthy but instructive definition of high-performance green
building (see Table 1) focused as much on the collaborative involvement of
the stakeholders as it did on the physical specifications of the structure itself.
The issue of resource-conscious design is central to sustainable construction,
which ultimately aims to minimize natural resource consumption and the
resulting impact on ecological systems. Sustainable construction considers
the role and potential interface with ecosystems to provide services in a
synergistic fashion. With respect to materials selection, closing materials loops
and eliminating solid, liquid, and gaseous emissions are key sustainability
objectives [9-12]
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Table 1. High-performance green building project

* A project created via cooperation among building owners, facility
managers, users, designers, and construction professionals through a
collaborative team approach.

* A project that engages the local and regional communities in all stages of
the process, including design, construction, and occupancy.

* A project that conceptualizes a number of systems that, when integrated,
can bring efficiencies to mechanical operation and human performance.

* A project that considers the true costs of a building’s impact on the local
and regional environment.

* A project that considers the life-cycle costs of a product or system. These
are costs associated with its manufacture, operation, maintenance, and
disposal.

* A building that creates opportunities for interaction with the natural
environment and defers to contextual issues such as climate, orientation,
and other influences.

* A building that uses resources efficiently and maximizes use of local
building materials.

* A project that minimizes demolition and construction wastes and uses
products that minimize waste in their production or disposal.

* A building that is energy- and resource-efficient.
* A building that can be easily reconfigured and reused.
* A building with healthy indoor environments.

* A project that uses appropriate technologies, including natural and low-
tech products and systems, before applying complex or resource-intensive
solutions.

* A building that includes an environmentally sound operations and
maintenance regimen.

* A project that educates building occupants and users to the philosophies,
strategies, and controls included in the design, construction, and maintenance
of the project
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Green and sustainable building refers to a structure and using process that
is environmentally responsible and resource-efticient throughout a building’s
life-cycle: from siting to design, construction, operation, maintenance,
renovation, and demolition. This practice expands and complements the
classical building design concerns of economy, utility, durability, and comfort
[1-12]. Figure 3 shows six photographs for the green building concept.
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Figure 3. There ave six design concepts for ghzen buildings.

Although new technologies are constantly being developed to
complement current practices in creating greener structures, the common
objective is that green buildings are designed to reduce the overall impact of
the built environment on human health and the natural environment by [4]:

* Efficiently using energy, water, and other resources,
* Protecting occupant health and improving employee productivity,
* Reducing waste, pollution and environmental degradation.

Green building brings together a vast array of practices and techniques
to reduce and ultimately eliminate the impacts of new buildings on the
environment and human health. It often emphasizes taking advantage of
renewable resources, e.g., using sunlight through passive solar, active solar,
and photovoltaic techniques and using plants and trees through green roofs,
rain gardens, and for reduction of rainwater run-off. Many other techniques,
such as using packed gravel or permeable concrete instead of conventional
concrete or asphalt to enhance replenishment of ground water, are used as
well [1-7].

Green buildings often include measures to reduce energy use. To increase
the efficiency of the building envelope, they may use high-efficiency
windows and insulation in walls, ceilings, and floors [1-3]. Another strategy,
passive solar building design, is often implemented in low-energy homes.
Designers orient windows and walls and place awnings, porches, and trees
to shade windows and roofs during the summer while maximizing solar gain
in the winter. In addition, effective window placement (daylighting) can
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provide more natural light and lessen the need for electric lighting during
the day. Solar water heating further reduces energy loads. Reducing water
consumption and protecting water quality are key objectives in sustainable
building. One critical issue of water consumption is that in many areas, the
demands on the supplying aquifer exceed its ability to replenish itself. To
the maximum extent feasible, facilities should increase their dependence on
water that is collected, used, purified, and reused on-site [4, 6, 7].

Building materials typically considered to be ‘green’ include (Expanded
polystyrene) rapidly renewable plant materials like bamboo (because bamboo
grows quickly) and straw, lumber from forests certified to be sustainably
managed, insulated concrete forms, dimension stone, recycled stone,
recycled metal, and other products that are non-toxic, reusable, renewable,
and/or recyclable. The US Environmental Protection Agency (USEPA) also
suggests using recycled industrial goods, such as coal combustion products,
foundry sand, and demolition debris in construction projects [5].

4. Solar energy systems in green buildings

Developments in solar energy are accelerating so rapidly it’s hard even
for experts to keep up. Technologies coming out of the lab only a couple of
years ago are already having an effect on the designer’s choices and on the
marketplace. We can expect future advancements in solar buildings to be
rapid and profound [9]. We may not be able to predict the future, but we
can perceive some of the characteristics of what must be over the horizon.
It must be carbon neutral in this climate changing world. Now we realize
that we can’t put all our eggs in one basket, and whatever energy picture we
evolve to is going to incorporate a lot more diversity of supply than it does
now. It’s going to have to be efficient. It’s going to have to involve local jobs.
It’s going to have to have a low impact on the environment, on the facilities,
and on the infrastructure of the facilities where it’s installed. It’s going to
have to be affordable, and it’s going to have to be secure [9-12].

Let’s discuss the solar energy technologies within the context of these
characteristics. Energy is an issue at the intersection of security, economics,
and the environment, where there are certainly risks and vulnerabilities, but
also opportunities. The ability of solar energy to solve problems in one of
these sectors may alleviate problems in some of the other sectors. Life on
Earth has always depended on energy from the sun. Our food energy comes
from photosynthesis caused by the sun in plants. The fossil fuels that we
currently rely on are solar energy, captured and saved by plants over the span
of 50 to 450 million years. We have been using that stored fuel at a rapid
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rate for more than 100 years, and, in the process, moving carbon from the
lithosphere to the atmosphere [9].

Even before fossil fuels run out—which they inevitably will—we may be
forced to consider alternatives because of the environmental consequences of
burning them. One alternative, solar energy, has long been used in buildings;
Socrates made reference to it thousands of years ago. A recent reawakening
interest in the health and comfort benefits of natural systems has caused its
revival for use in building design. Principal ways of using solar energy in
buildings include the following:

* Daylighting

* Dassive solar heating

* Solar water heating

* Photovoltaics (electricity)

* Solar ventilation air preheating

New technologies, such as photovoltaics that convert solar energy cleanly
and silently into electricity and super-insulated windows that admit visible
light while screening out ultraviolet and infrared rays, provide today’s
designer with powerful new tools in the utilization of solar energy. It is
now technically feasible to provide all of a building’s energy needs with
solar energy. Solar is even the least costly option in areas where delivery of
fossil fuels or provision of electric power is expensive. Many solar energy
applications are cost-effective already, and, as the price of conventional
utilities continues to rise, more and more solar energy features will fi nd
their way into green buildings [8-12].

The sun is a nuclear reactor 93,000,000 miles from Earth, streaming
radiant energy out into space. The intensity on a sunny day is around
1,000 watts/m?, a value respected by anyone who has been sunburned or
momentarily blinded by the brightness. Enough solar energy reaches the
Earth to power the world economy 13,000 times over. In fact, 20 days
worth of solar radiation is equal to the capacity of all our stored fossil fuel
from gas, coal, and oil resources. There is no question that solar energy is
of adequate quantity to meet our energy needs. The emphasis is rather on
how it can be integrated into building design, given the distributed and
intermittent nature of the solar resource.
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5. Green building economics

The market for green buildings in the word continues to increase both
in size and in market share. It is reported that the market size of green
construction, including both residential and nonresidential buildings, had
jumped fourfold in just three years, from $100 billion in 2010 to $190
billion in 2022 and was expected to range between $255 billion and $371
billion in 2030. In 2020, it was estimated that new nonresidential green
construction represented 35 to 45% of total construction volume. The
three sectors with the greatest rate of market growth and penetration are
education, health care, and office buildings. Green building data from MHC
indicate that there are several major trends in the ongoing shift to green
buildings [9].

First, the bigger the building project, the more likely it is to be a high-
performance building. Because health care projects tend to be larger, the
number of green health care projects is growing very rapidly. Over 80% of
projects at least $80 million in size are including the US Green Building
Council (USGBC) Leadership in Energy and Environmental Design
(LEED) building rating system in their specifications. Second, throughout
the United States, schools at all levels from K-12 to university are high-
performance green buildings, and green building activity in the educational
sector was between $23 billion and $32 billion in 2020. This rapid growth
rate is likely being propelled by a combination of state and local mandates
that require schools to be certified as green buildings. Third, a significant
number of federal, state, and local governments are requiring that publicly

owned buildings be high-performance green buildings [9].

Understanding building economics is important for any construction
project, but it is especially important for high-performance green buildings
because justifying this approach can involve somewhat more complex
analysis than for conventional construction. High-performance buildings
can produce benefits for their owners in a diverse range of categories: energy,
water, wastewater, health and productivity, operations and maintenance
(O&M), maintainability, and emissions, to name a few. To address the scope
of benefits, the building team must be able either to quantify the effects
of their decisions by using simulation tools or to rely on the best available
research and evidence gathered from other projects [9].

An analysis of the financial benefits of high-performance green buildings
concluded that significant benefits could be attributed to this type of delivery
system and that there was a correlation between the LEED-NC rating and
the financial return. Table 2 indicates that for a typical high-performance
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building, the total net present value (TNPV) of the energy savings over a
20-year life cycle is $5.79 per square foot, with other notable per square
foot savings from reduced emissions ($1.18), water ($0.51), and O&M
savings resulting from building commissioning ($8.47). Table 2 also shows
productivity and health savings per square foot of $36.89 for LEED certified
and silver buildings and $55.33 for LEED gold and platinum buildings. The
20-year TNPV per square foot in the table represents the sum of the annual
net present values for comparison with the investment in green attributes.
Clearly, the productivity and health benefits of high-performance green
buildings dominate this discussion, and for gold and platinum buildings,
the claim is that the savings are almost 10 times greater than the energy
savings. It is important to point out, however, that although these claims
are generally accepted by high-performance building practitioners, most
of those made for productivity and health improvements are based on
anecdotal information, not scientific research. The 20-year TNPV is $67
for certified and silver buildings and $771 for gold and silver buildings.
The magnitude of these benefits is very impressive when considering that,
on average, the incremental construction cost ranges from about $2.50 per
square foot for LEED-certified buildings to about $9.50 per square foot for
LEED platinum buildings.

Table 2. Value of Various Categories of Savings for Buildings Certified by the USGBC

Category 20Year TNPV//ft>*
Energy value $6.86
Emission value $1.64
Water value $1.24
Waste value-construction only, 1 year $0.08
Commissioning O&M** value $9.64
Productivity and health value (certified and silver) $47.86
Productivity and health value (gold and platinum) $67.88
Less green cost premium ($6.00)
Total 20-year NPV (certified and silver) $59.67
Total 20-year NPV (gold and platinum) $78.64

*Net present value (NPV) is the net savings for each year, taking into account the
discount rate (time value of money). The 20-year TNPV is the sum of the NPV for all
20 years and vepresents the total life-cycle savings

**OM commissioning ensurves that the building is built and opevated according to the
design and vesults in substantially lower O&*M costs [9].

A side-by-side analysis of two prototype buildings by the US Department
of Energy’s Pacific Northwest National Laboratory and the National
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Renewable Energy Laboratory (NREL) compared the costs and benefits
of investing in high-performance buildings. A base two-story, 20,000-ft>
(1858-m?) building with a cost of $2.4 million meeting the requirements
of the American Society of Heating, Refrigerating, and Air-Conditioning
Engineers’ (ASHRAE) Standard 90.1-1999 was modeled using two energy
simulation programs, DOE-2.1e and Energy-10, and compared to a high-
performance building that added $47,210 in construction costs, or about
2 percent, for its energy-saving features. Table 3 summarizes the results of
this study. The features listed in the table are those for which an additional
investment was made to produce the high-performance version of the NREL
prototype building:

* Building commissioning, as noted previously, can produce significant
savings by ensuring that the mechanical systems are functioning as
designed.

* Natural landscaping and storm-water management produce savings
due to the elimination of infrastructure and the use of easily
maintainable native plants.

* Raised floors and movable walls produce savings by improving the
flexibility of a building, reducing renovation costs.

Table 3. Comparison of Costs and Savings for NREL Prototype Buildings

Feature Added cost Annual Savings
Energy efficiency measures $51,000 $6.400
Commissioning $6,400 $3.500
Natural landscaping, storm-water $6,900 $5,100
management $60 $48.000
Raised floors, movable walls $698 $58.420
Waterless urinals $65,160 $121.,420
Total

Source [9]

The results of this comparison are remarkable: They indicate that the
annual savings produced by the high-performance version are about equal
to the added construction cost, producing a simple payback in just over one
year. The additional capital costs often associated with high-performance
buildings are a function of several factors. First, these buildings often
incorporate systems that are not typically present in conventional buildings,
such as rainwater harvesting infrastructure, daylight-integrated lighting
controls, and energy recovery ventilators.
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Second, green building certification (fees, compilation of information,
preparation of documents, cost of consultants) can add markedly to the costs
of a project. And, finally, many green building products cost more than their
counterparts, often because they are new to the marketplace and demand is
only in the process of developing. In this last category are many nontoxic
materials, such as paints, adhesives, floor coverings, linoleum, and pressed
strawboard used in millwork, to name but a few of the many new green
building products emerging to serve the high-performance building market.
Conversely, cost reductions for some building systems are achievable in
green buildings—for example, in heating, ventilation, and air conditioning
(HVAC) systems— that can be downsized as a consequence of improved
building envelope design [7, 9].

However, additional energy-saving components such as energy recovery
ventilators, premium high-efficiency motors, variable-frequency drives for
variable air volume systems, carbon dioxide sensors, and many others all add
to the front-end capital cost. As for every other type of project, understanding
the economics of the situation and including them in the decision-making
process is of crucial importance. As described earlier, the classical approach
used in assessing high-performance building economics is life-cycle costing
(LCC), which includes a consideration of both first cost [7, 9].

These two major cost factors are combined in a cost model that takes
into account the time value of money, the cost of borrowed money; inflation,
and other financial factors. They are then combined into a single value, the
TNPV of the annual costs, and the selection of alternatives is based on an
evaluation of this quantity. In some cases, due to legislated requirements,
only the capital cost is considered [7]. For example, the state of Florida
allows decisions on building procurement to be made solely on the basis of
capital costs, whereas the US government requires that an LCC approach
be used. Producing a high-performance public sector building in Florida can
be very challenging; therefore, finding creative mechanisms for investing
in higher-quality construction is imperative. One potential mechanism is
the creation of a revolving fund from which building owners or users can
borrow and that can be repaid through savings over time [9].

6. Conclusions

It was concluded that the sustainability can minimize the harmful impact
of the conventional buildings on environment, economy and people in using
green materials, technologies. “Sustainable” or “green” buildings use key
resources like energy, water, and materials more efficiently than conventional
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(non-sustainable) buildings. Furthermore, sustainable buildings increase
natural light, incorporate high-performance systems, rainwater system, and
improve air flow for occupants. Accordingly, if sustainable principles can be
used in building projects, then numerous benefits of green buildings may be
achieved, as follows:

* Environmental benefits: Enhance and protect biodiversity and
ecosystems; Improve air and water quality; Reduce waste streams,
and; Conserve and restore natural resources.

* Economic benefits: Reduce operating costs; Improve occupant
productivity, and; Optimize life-cycle economic performance.

* Social benefits: Enhance occupant health and comfort; Improve
indoor air quality; Minimize strain on local utility infrastructure, and;
Improve overall quality of life.

Acknowledgement-The author acknowledged to Turkish Academy of
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Abstract

Airfoil is one of the most import design criteria in aircraft design. It directly
affects the performance and stability against to the air conditions. They have
special shapes to perform the pressure differences at the top and bottom edge,
making the aircraft to fly stable. However, flow analysis may be performed at
different compressible flow regimes, such as subsonic, transonic, supersonic,
or hypersonic regimes. So, it is vital to design the airfoil and wings with
respect to the operational altitude, stall characteristics and stability criteria.

In this study, the NACA3512 airfoil model has been analysed by using the
Raytheon’s Beechcraft 1900D commercial aircraft. To do this, its performance
parameters have been used for the airfoil performance analysis. In the first
part of the analysis, a hybrid methodology to validate the stability results,
then they have been used to determine the performance characteristics of the
aircraft. During the analysis, satisfactory results have been obtained, however
to provide a better stability to the aircraft, novel studies are going to be
conducted.
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1. Introduction

Airfoil is the most important element of the aircraft. The main function
of airfoil is to generate lift force. For an aircraft, it has also a function to give
the direction using flaps, ailerons to control pitching, yawing and rolling.
In order to design an airfoil, there are two methods that are Direct Analysis
Method and Inverse Analysis Method, widely used. The analyses related with
air vehicles aerodynamics have been performed to improve performance and
reduce cost of design air vehicle by applying some optimization and analysis
methods. The following paragraphs are mentioned previous studies for air
vehicles design and aerodynamic analysis.

The aerodynamic analysis using wind tunnel test for unmanned air
vehicles (AUVs) wings design were carried out to determine aerodynamic
parameters that are lift, drag and pitching moment at low aspect ratio and
low Reynolds numbers by Gabriel and Mueller (2004). The other AUV
design study was proposed by Shelton et al. (2006). The study demonstrated
the performance of active and passive winglets in point of aerodynamics
design and the results of methods were compared each other.

In order to increase aerodynamic performance, active and passive flow
control methods are applied for air vehicle wings. Zhen et al. (2011)
presented passive flow control study for an AUV wings using rectangular,
triangular and curve-edge vortex generators (VGs). The results showed that
the lift coefficient increased when the VGs were placed at near the separation
point on the wing. The active flow control study was proposed to supress
the flow separation for a wing using synthetic jet actuators (Amitay et al.,
2001).

In the design problem, optimization methods are applied to obtain
reasonable results in point of energy efficiency and cost of the designed
vehicle. In the aecrodynamic design, it is difficult to find high lift conditions
for wings due to flow physics and determination of the design parameters.
Pehlivanoglu (2019) proposed optimization study to design high lift system
tor airfoil using Particle Swarm Optimization (PSO). The inverse design
of airfoils was improved using Bezier curve and Vortex elements method
was used to perform flow-field analysis (G.S. and Lal, 2018). Barrett et
al. (2006) proposed airfoil design using inverse design method and
optimization was applied to reduce design parameters. Elliott and Peraire
(1997) presented the aerodynamic design by applying optimization and
using unstructured mesh for a business jet. Garabedian and McFadden
(1982) analysed and designed the supercritical swept wing and improved
formula for finding wave drag. One another acrodynamic design study was
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carried out for two-dimensional transonic airfoil shape and the solution was
achieved by combined Newton method and integral boundary layer analysis
due to viscous effect (Giles and Drela, 1987). Selig and Maughmer (1992)
also presented inverse airfoil design and performed the flow solution using
incompressible potential flow with direct integral boundary layer method.
Gopalarathnam and Selig (1998) presented multipoint airfoil design using
method of two-dimensional panel method. Using control theory, the airfoil
design was performed by Jameson and Reuther (1994). The aim of the
study was also extended the Euler equations to solve three-dimensional
complex shape. Kim et al. (2004) presented design study to obtain high-lift
airfoil configuration using three airfoil design variables and the solutions
were performed for compressible flow using Reynolds-Average Navier-
Stokes (RANS) equations with Spalart-Allmaras turbulence model. It was
concluded that the lift coefficient maximized and lift to drag ratio also
increased for the two airfoil designs.

The design of morphing airfoil was proposed to perform the topology
optimization at supersonic flow and the evolutionary design method was
used that it provided the unique topologies for designing bio-inspired
aircraft system (Hodson et al., 2019). The similar study related with inverse
airfoil design using genetic algorithm with new parameterization shape
methods was carried out and the computational time was also reduced by
about half (Jahangirian and Shahrokhi, 2009). The study was proposed to
design airfoil using inverse airfoil code that is called PROFOIL by Jepson
and Gopalarathnam (2005). This formulation can prevent the stall formation
by constraining the speed of aircraft and accounting the lift coefficient.
Nili-Ahmadabadi et al. (2010) focused on inverse design method for 2D
incompressible viscous flow using flexible string algorithm. The improved
design algorithm gave reasonable results in point of robustness, and it can
be used for commercial flow analysis. Papadimitriou and Giannakoglou
(2013) presented aerodynamic design by analysing third-order sensitivity
and two-dimensional airfoil shape design was performed to validate it. Poole
etal. (2015) also proposed airfoil design using independent design variables
of airfoil and performing the metric-based mathematical derivation. Tang
et al. (2007) performed the new study to find optimum shape design for
airfoil using the adjoint method and a formulation that is derived from game
theory. Another inverse design problem was carried out for subsonic and
transonic flow regime using Elastic Surface Algorithm and it was observed
that the used algorithm was effective for an airfoil design and it also increased
the convergence rate (Safari et al., 2014). The study for inverse and direct
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design problem of transonic airfoil was implemented using multi-objective
Genetic Algorithm by Vicini and Quagliarella (1997).

In the previous study, there are few studies performed using DATCOM
code that is embedded in MATLAB. In our study, the performance of an
aircraft at cruise flight is analysed by using Inverse Analysis Method. During
analysis, apart from the analytical methods, the aerodynamic performance
of the designed airfoil is compared and proved with numerical methods by
using MATLAB and XFLRS5 analysis software.

2. Methodology

Aircraft wing design is based on principals such that improved stability,
conceptual design criteria and design limitations of the aircraft. Such include
the lift (c,), drag (c,) and pitching moment (c,,) coefficients, Lift over
Drag Ratio (¢, /c,), stall angle (o), multimodal and vibrational analysis for
various loads onto it. The main checkpoints for the aircraft wing design are,
the operational altitude (h) and Mach number (M). While airfoil profile
directly affects the lift (L) and drag forces (D), it is also important to provide
improved stability for the take-off, cruise, and landing flights.

As the first part, aerofoils are designed with droplet model, which
represents to the geometry of them. It is important to design their geometry
with respect to the detection of lift and drag forces firstly, to perform the
flight operations, and then finding the pitching moment coefficient to
determine the stability of the aircraft.

According to the droplet model, an aerofoil is the function of position,
so the main concepts of aerofoil design are defined and sketched in Figure 1:

_
- —

3
4

Figure 1: Main Concepts of Aevofoil Design (1: Chovd Line, 2: Camber Line, 3: Length,
4: Midline) (NACA airfoil, n.d)
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In this study, NACA 4-digit aerofoil model has been used for the
aerodynamic design and analysis processes. The meaning of 4 digit is
revealed in Figure 2.

NACA 4-digit
M|P|XX

-1---—------_
L 4 ——

0« | 1

Figure 2: NACA 4-Digit Aerofoil Model Nomenclature (Avias-Rosales and Osorio-
Gomez, 2020)

Where,

M: Maximum camber of the hundredths of chord
P: Location of the maximum camber

XX: Maximum thickness in hundredths of chord

According to the model, if the camber line is parallel to the main
chord line, then the aerofoil models are considered to be symmetrical. For
symmetrical aerofoils, the thickness model is represented in Equation 1.

¥, = 5t[0.2969y/x — 0.1260x — 0.3516x> + 0.2843x* — 0.1015x*] (1)
Where

y,: Vertical Position of the Aerofoil

x: Horiontal Position of the Aerofoil with respect to 0 to 100%

t: Percentage of the Maximum Thickness Value

The leading edge is considered to be a cylinder of a chord-normalized
radius of,

r=1.1019¢* (2)
And finally the upper (x ,y,) and lower (x,, y,) coordinates are represented

below as,

X, = x; = x, Yu = Ve, =" 3

For asymmetric (cambered) aerofoils, the position equations become,
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= (2px — x?), 0=x<p
P

y= (4)
#((1—2p]+2px—x2), psx<1

Where,

m: the Maximum Camberness Ratio

p: the Location of Maximum Camberness

For the cambered aerofoils, the upper and lower coordinates become,
*y = x —y,sin(8), Vu = ¥ T y.cos(8), ()
x;, = x + y,.sin(@),y, = v, — y.cos(8),

Where,

g = arctan (iﬂ)

=4

2

. P—T{p—x}, 0<x<p
B¥e ,

o (l_i:}z {p - X], P =x=1
(Equation 7)

To detect the aircrafts performance parameters, one can use lift coefficient
(c,) characteristics are inspected with respect to the angle of attack (o). A
typical lift coefficient-angle of attack curve is sketched in Figure 3.

o Ci
Stall /Stall
Pl o

l\‘m,éﬂ Acrodynamics a =952 =22 lidim Aerodynamics o = 404 = 25
J o

g Datall o

Climaz

Datall e

Figure 3: Lift Coefficient-Angle of Attack Curve for Symmetric (Left) and Cambered
(Right) (Assumed Knowledge, Retrieved from Aivevaft Flight Mechanics by Harry
Smith, 2022)

Hence the symmetric curves give 0 lift coefficient for the 0° angle of
attack, cambered aerofoils are employed because their zero-lift force occurs
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in negative angle of attack values. Using linearized region until the stall
angle, the lift coefficient can approximately be found as,

e (8)
da

By taking the integral, then

o = 2n(a — a,) 9)
After that the lift and drag forces can be determined by,

L=g¢g (épvz)ﬁ (10)
D=c, epvz)A (11)
Where,

L: Lift Force (N)

D: Drag Force (N)

¢;: Lift Coefficient

¢, Drag Coefficient

£: Density of Outside Medium (kg/m?)
v: Aerofoil Speed (m/sec)

As a starting point of the analysis, Beechcraft 1900D aircraft has been
selected for the performance analysis of the wing design. The aircraft’s itself
has been shown in Figure 4 and Its performance data has been tabulated in
Table 1. (Beechcraft 1900D Airplane Flight Manual)

Figure 4: Raytheon Beechcraft 1900D (Beechcraft 1900, n.d.)( Beech 1900
Airliner)
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Tible 1: Beecheraft 1900D Performance Data (Raytheon: Beecheraft 1900D Passenger
Specifications and Performance, 2010)

Crew 1 (2 for airline operations)
Capacity 19 passengers

Length 57 ft 8 in (17.62 m)
Wingspan 57 ft9in (17.64 m)
Height 15 ft 5in (4.72 m)
Empty Weight 10434 1b (4732 kg)
Useful Load 6356 1b (2882 kg)

Max. Takeoff Weight | 17120 Ib (7764 kg)

Powerplant 2 X Pratt & Whitney Canada PT6A-67D turboprops. 1279
HP (955 kW) each

Fuel Capacity 4484 1b

Fuel Type Jet A recommended. also others usable

Cruise Speed 280 knots (518 km/h 322 mph) at 20000 ft (6100 m)

Range 707 km with 19 passenger payload (439 mi)

Ferry Range 2.306 km (1432 mi)

Service Ceiling 25.000 ft (7620 m)

Rate of Climb 2.615 ft/min (797 m/min)

Avionics Rockwell Collins EFIS-84 Electronic Flight Instrument
System

3. Analysis

Utilizing the performance parameters, the maximum cruise speed at
20000 ft has been limited to 518 km/hr, corresponding the Mach number
of M=0.3. So, to improve the airfoil design, 2 cases have been considered.

Case 1: In the cruise flight analysis, the maximum Reynolds Number
(Re) for the boundary to turbulence is approximately 500000.

Case 2: If the Mach number for cruise flight is less than or equal to
the 0.3, then the flow model of air is considered to be incompressible.
Otherwise, it is valid for the air to be compressible.


http://www.raytheon.com/businesses/rtnwcm/groups/public/documents/content/rtn_raas_prod_1900dp_pdf.pdf
http://www.raytheon.com/businesses/rtnwcm/groups/public/documents/content/rtn_raas_prod_1900dp_pdf.pdf
http://en.wikipedia.org/wiki/Wingspan
http://en.wikipedia.org/wiki/Manufacturer%27s_Weight_Empty
http://en.wikipedia.org/wiki/Maximum_takeoff_weight
http://en.wikipedia.org/wiki/Jet_A
http://en.wikipedia.org/wiki/V_speeds#Vc
http://en.wikipedia.org/wiki/Range_%28aircraft%29
http://en.wikipedia.org/wiki/Ferry_flying
http://en.wikipedia.org/wiki/Ceiling_%28aircraft%29
http://en.wikipedia.org/wiki/Rate_of_climb
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Combining the considerations with aircraft’s performance data, the
analysis has been shown in Figure 5.

Detecting co.c. tu

- ’fﬁ ¥ i i IR —
: ] Y alidated g

| i Alrfail Performance S Results

T Analysls with XFLRS

Detecting co.ceeu ﬂ

\ \)'
r
NACA 3512 Alrfol

Profile USAF Digital

- 2
| DATCOM Samulink Moded to
Detarmine the Lilt, Drag
— MATLAB Forcos and Priching
USAF Digital DATC_OM MATLAB to Access the Momant
to Determine the Flight DATCOM Query

Charactenstics

Figure 5: The Developed Model to Detect the Gliding Pavameters

Using the Beechcraft 19008’ performance parameters, Reynolds Number
at the trailing edge have been determined as 8.80x106, so the flow is turbulent.
Then the Mach number of the aircraft at its operational altitude (5000 m
for the cruise flight) have been determined as approximately 0.40, resulting
the flow as compressible. To analyse its gliding performance, Vortex Lattice
Method (VLM)-based analyses have been conducted via XFLR5 software.
The cruise flight parameters have been tabulated in Table 2.

Table 2: Cruise Flight Parameters of the Aircraft at 5000 m Altitude

Geopotential | Temperature, | Acceleration |  Absolute Density, p Dynamic
Altitude T C) of Gravity,g | Pressure, P | (107 kg/m?®) | Viscosity,
Above Sea (m/s?) (*10* N/m?) (*10° N.s/m?)
Level, & (m)
5000 -17.47 9.791 5.405 7.364 1.628

After that the first part of the analysis, the computer-aided airfoil model
has been sketched in Figure 6.
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Figure 6:NACA3512 Airfoil CAD Model of Performance Pavameters

Then the analyses with Mach number of 0.4 and the Reynolds Numbers
ranging from 8x106 to 8.5x106 with XFLR5 have been revealed in Figure
7.

Cl

i i NACR 3512 Rirfoil M=3.0% P=50.0% T=12.0%
T1_Re3.000_M0.40_NS.

T1_Re3.100_M0.40_N39.
T1_Re3.200_M0.00_N9.
T1_Re3.300_M0.00_NS9.
T1_Re3.400_M0.00_N39.
T1_Re3.500_M0.00_NS.

oo oo oo

Figure 7: Lift-to-Drag Ratio Graph for 0 Degrees Angle of Attack
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In the first analysis, the minimum Lift-over-Drag Ratio have been
determined as 80. Then the lift coefficient-angle of attack graph has been
plotted in Figure 8.

ClL
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/ Rlpha
A
—io 1
ot HACR 3512 Rirfoil M=3.0% P=50.0% T=12.0%
T1_Ref.100_M0.40_NS.

/ —— T1_Re8.000_M0.40_NS.
/ - —— T1_Re8.200_M0.00_NS.
—— T1_Re5.300_M0.00_NS.

—— T1_Re8.400_M0.00_NS.

1.5 —— T1_Re§.500_M0.00_NS.

:

Figure 8: Lift Coefficient-Angle of Attack Graph for NACA 3512 Aerofoil
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With respect to the graph, the stall angles for the aerofoil have been
determined as 13 degrees. To determine the stability of the aerofoil, Pitching
Moment-Angle of Attack graph has been plotted in Figure 9.

: NACAE 3512 Rirfoil M=3.0% P=50.0% T=12.0%
T1_Re8.000_M0.40_NS.

—— T1_Re8.100_M0.40_N9.
-=0.154-1 —— T1 Res.200 Mo.00 NS.
—— T1_Red8.300_M0.00_N9.
—— T1_Re8.400 _M0.00_N9.
T1_Re8.500_M0.00_N9.
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Figure 9: Pitching Moment-Angle of Attack Graph for NACA3512 Airfoil
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At that analysis, the pitching moment coefticients have been determined
as negative values, in which it has a direct effect in the design process.

At the second part of the analysis, the gliding parameters of NACA3512
airfoil have been performed utilizing DATCOM database and MATLAB.

¢, -a graph have been sketched in Figure 10.

15 T T T T T T

Lift Coefficient
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E.D? 0.03 0.04 0.0 0.06 0.07 0.08 0.09
Dirag Coefficient

Figure 10: MATLAB-DATCOM Lift-over-Drag Graph for NACA3512 Airfoil

As the second part of the analysis, the developed MATLAB-DATCOM
database has determined the minimum Lift-over-Drag ratio as approximately
80, having similar results with XFLRS5.

As the final part of the analysis, the Lift and Drag forces for the cruise
flight have been determined in the developed Simulink software. The
simulation has been sketched in Figure 11.

& . |
ifiove Drag it
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e iy
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Outsice Temperature (C)

Figure 11: Simulink Model to Detect Gliding Pavameters of NACA3512 Airfoil

After the successive analysis for the cruise flight, flight parameters and
changes have been tabulated in Table 3.
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Table 3: Comparison of Original Aivfoil and NACA3512 Airfoil for Raytheon

Beecheraft 1900D
With Original | With NACA3512 Change (%)
Airfoil Airfoil
Lift Force (N) 76165 65460 -12.91
Stall Angle 10 13 +30

(Degrees)

4. Results and Discussion

In this study, a hybrid methodology has been designed to detect the
performance parameters for the Raytheon’s Beechcraft 1900D commercial
aircraft. To do this, inverse optimization methods have been used.

In order to perform the analyses, firstly the performance parameters
of the aircraft at cruise flights have been determined. As the flow regime
is turbulent at the trailing edge and the Mach number during its cruise
flight, the air flow has been determined as compressible, however it has
also determined as subsonic flow. So, Vortex Lattice Method-based methods
gives satisfactory results for subsonic flows, then the first analysis have been
conducted with XFLR5 software. In the first analyses, the minimum Lift-
over-Drag Ratio has been determined as 80. Then, DATCOM-based second
analysis has been held, which corresponds to give the similar results with
the first analysis part. Then the validated results have been analysed via
developed Simulink model.

At the end of the analysis, there exist differences between the original
airfoil and NACA3512 airfoil, such that the lift force has decreased by
approximately 13%, on the other hand, stall angle has been decreased by
30%. As pitching moment point of view, the results have been obtained as
negative, which corresponds to the demand for the changes in the structural
design of the aircraft. Utilizing the study, further studies are going to be held
by means of artificial intelligence.

5. Conclusion and Further Studies

In this study, a new aerofoil design for lower Mach numbers have been
analysed to detect the low-speed aerodynamic characteristics. To perform
this, the aerofoil profile has been applied to the Raytheon’s Beechcraft
1900D. The performance characteristic of NACA 3512 aerofoil has firstly
been determined utilizing Vortex Lattice Method (VLM) via XFLRS5. After
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determining required aerodynamic parameters, then it has been examined
under the Digital DATCOM database. Next the analysis results have been
integrated by the Simulink simulation to detect the gliding characteristics
and performance parameters.

Consequently, this study reveals the potential to create a generalized model
to detect the performance parameters for an aircraft at any desired speed.
To overcome this, a deep learning-based model for parameter estimation is
going to be created for the further studies.
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Chapter 3

The Impact of Utilizing Phase Change Material
As Insulation Material on Building Energy
Performance and Fuel Costs 3

Kiibra Kurtoglu Sontay'
Abid Ustaoglu?
Elif Ogiit?

Abstract

In this study, the impact of wielding phase changing material behalf standard
insulation material on building thermal performance and fuel cost was
evaluated. In this context, two materials with different thermal conductivity
coefticients were applied to the outer shell of the building and the results
were compared. From these materials, the thermal conductivity coefficients
for the classical insulation material and the phase changing material are
respectively; 0.035 W/mK and 0.2 W/mK. The EES program was used
in the numerical calculations carried out to review the contribution of the
phase changing material applied to the structural crust the building energy
performance and fuel cost. The action of the phase changing material used
on the building energy productivity has been analyzed for the provinces of
Antalya and Ankara, which are located in the first and third degree climate
zones in Turkey. In the continuation of this paper, the impact of phase change
material, which is preferred for insulation in buildings, on fuel performance
was investigated. For this purpose, the analyzes were carried out for the
provinces of Istanbul and Erzurum in Turkey. The total fuel cost changes for
the reference building used in the study were determined and the amount of
energy savings that could be achieved in a year were determined. As a result,
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it has been determined that the utilize phase change materials as insulation
material in the structure reduces building fuel costs and raises energy savings
for all climate zones.

1. Introduction

Increasing energy demand has caused pollution and climate change
problems by quickly dispose of fossil fuels (Thirugnanasambandam et
al. 2010, Wang et al. 2020). One of the main reasons for this situation
is that industrialization and fossil fuel utilize have geratly increased CO,
production and therefore greenhouse gas emissions. Due to the increasing
CO, production, the effect of global warming has accelerated, causing risks
such as melting glaciers and acid rain in many parts of the world. For these
reasons, minimizing CO, production is of great importance. Reducing
fossil fuel consumption is among the basic methods in the studies aimed at
reducing this situation. Because most of the CO, emissions are fossil fuels.
Therefore, in recent years, minimizing fossil fuel consumption in order to
reduce CO, emissions and energy consumption is among the popular work
topics (Yang et al. 2022). The main condition for economic development
and prosperity is the availability of energy (Nair et al. 2022). Recent
studies show that buildings state for approximately forty percent of the
world’s energy wielding. For this reason, buildings are as responsible for the
increase in greenhouse emissions and global warming as other consumption
sectors (Esbati et al. 2019, Aridi et al. 2021). In order to respond to the
increasing energy request, renewable energy systems have emerged. So that,
both contributing to the prevention of the consume of naturel sources and
contained and alternative energy systems have been advanced. However,
there are some limitations such as the applications related to renewable energy
systems not having high efficiency in every region and not being effective in
every periods. Therefore, energy storage systems have emerged to provide
energy efficiency and energy savings (Al-Yasiri and Szabo 2021, Yehya and
Naji 2015). Energy storage systems provide the advantage of storing excess
energy at once and using it when needed. In this way, a balance is created
between energy demand and demand and an economic recovery is achieved
(Pavlov and Olesen 2011). Phase changing materials are giant importance
so thermal energy applications because of their advanced power stowage
capabilities, longevity and flexible operating temperatures (Nair et al. 2022).
For this reason, the preference of phase changing material at structures to
provide isolation has been among the current issues and many studies have
been carried out on this subject.
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Rahim et al. 2022 examined the change in terms of economy and
conveniences caused by the utilization of phase changing materials in
structures located in hot climate regions. They explorationed research on the
activity of phase changing materials to increase thermal suitability in different
weather conditions for buildings with different wall properties. First, they
developed a simulation model. Afterwards, the results were confirmed by
an experimental study performed outdoors. Within the scope of the study,
six different materials with phase change feature were examined for the
summer season. The melting temperature of these mentioned materials
varies between 21°C and 31°C. As a result of the analysis, it was determined
that the utilizing phase changing material in moderate climate conditions
provides thermal convenience and is the right choice.

Feng et al. 2022 underlined that phase changing materials with thermal
energy holding feature are gaining importance in building efficiency studies
day by day. In the study, they aimed to advance a shape that can accurately
modelling hysterical behavior with the choice of phase changing materials
in the structure outer crust. The suitability of the two phase design during a
complete phase transition was determined by comparing the computational
and empirical results. In addition, models were performed on purpose
examine the activity of the region referring average weather temperature
and heating/cooling loads. As a result, it was observed that there was less
than 1% difference in the one hour heating/cooling load, and significant
improvements were observed in the region average air temperature as well
as the heating/cooling loads in the phase change interval.

Imafidan and Ting observed the change in energy depletion of a structure
with different thicknesses of phase changing materials on its walls. In the
study, honeycomb phase changing material was placed on the walls of a
renovated structure in Canada. By giving information about the climatic
conditions of the study area and giving the information that -14°C air
temperatures are effective in winter months, the different thicknesses of
the phase change material layer and its effectiveness were investigated. As a
result, it has been determined that the application of 1 cm thickness phase
changing material to the building wall provides the optimum activity for
the summer months, where the outdoor temperature varies between 15 -
26.5 °C. Finally, it has been observed that there is no improvement in the
efficiency when the phase changing material thickness is exceeded 1 cm and
the thermal capacity is exceeded 20 kJkg= 'K~

Lie et al. 2022 stated that 60% of the energy missings from sutructures
are due to warming and ventilation systems. It was further emphasized that
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this would further increase global warming. It has been underlined that
phase change materials are of great importance on purpose overcome the
mentioned trouble. Scope of work, the coupling technology of bio-based
phase change materials was examined and some important conclusions
were drawn by comprehensively scanning the existing literature and some
problems that need to be investigated further were brought to the agenda.

Khan et al. 2022 researched the impact of phase change material
applications to minimize energy losses from residential buildings. In the
content of the study, energy performances for sutructures in five big towns
where distinct climatic conditions are dominant in the Pakistan region are
numerically discussed. First of all, fifteen different phase change materials
were evaluated for a one-room house. As a result, 40 mm thick phase
change material with a melting heat of 24 °C was the most ideal choice.
Afterwards, phase change material application was integrated into multi
storey residential areas. The monthly average energy savings were 44.9%,
35%, 32%, 35% and 49.6% for single-storey houses, respectively. Energy
savings of at least 12% and maximum 21.4% were provided in two storey
residences. In addition, the payback periods and economic feasibility of
using phase change materials in sutructures were examined. Consequently
all these researches, it was determined that three of the five houses examined
were economically suitable so the utilize of phase change materials, and two
were not.

Studies on the practise of phase changing materials to enhance energy
savings in concrete structures have recently gained acceleration. Drissi et al.
2020 investigated the thermal performance on concrete platte containing
phase changing material aggregates planned for utilizing buildings. The
concrete panel in the study stores solar energy. Within the scope of the study,
research was realised for space warming and refrigeration applications in
order to prevent phase changing materials leakage, which reduces efficiency.
They observed the effect of developing new clusters of phase changing
materials with core-shell structure to store the energy provided by solar
radiation in building walls. The obtained consequences demonstrated that
the leakage of phase changing material was significantly prevented and the
thermal productivity of concrete panel enhanced. As a suggestion, it is stated
that the results will be more effective if another phase change material with
the suitable phase change temperature is used.

Nematchoua et al. 2020 examined an office building in respect to thermal
comfort and chilling power requirement. For this, they discussed phase
changing material applications in thermoinsulation and exterior shadowing.
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As a result, it has been observed that the prefered of phase change material
in insulation reduces chilling energy consumption by 12% and increases the
comfort rate by 3% in three climate zones.

Hasan et al. 2018 experimentally examined the insulation made using
phase changing material in their study. Within the scope of the study,
two separate rooms were constructed using standard and phase changing
materials. Paraffin with a melting temperature of 44 °C was preferred as
the phase change material. The results were analyzed separately for two
separate rooms and for all wall directions considered. As a result, it has been
determined that electricity consumption is saved by reducing the heating
load with the insulating material with phase changing material added.

In the present study, phase change material is preferred instead of insulation
material for a concrete structure. For the sample building used as a reference,
energy performance analyzes were carried out in the first and third degree
climatic regions. Also, the influence of using phase changing material in the
structure crust for insulation purposes on fuel performance was investigated.
Natural gas and coal cost analysis actualized for the provinces located in the
second and fourth degree day regions of a reference building.

2. Materials and Methods

2.1. The Building

The dimensions of the building, which is taken as a reference within the
scope of the study, are as follows: 15.98 m long, 8.21 m wide and 12.32
m high. The aforecited building has been analyzed by comparing the fuel
performances for the provinces of Istanbul and Erzurum. Among these
provinces, Istanbul is in the second degree climate zone, while Erzurum is
in the fourth degree climate zone. In addition, the climatic conditions of the
fourth region have heavy continental climate conditions, while the second
region is more temperate.

Energy performance analyzes of the structure were carried out for the
provinces of Antalya and Ankara. Antalya province is in the first degree
climate zone and has temperate climatic conditions. Ankara province is
located in the third degree climate zone and continental climate conditions
prevail in the region.

2.2. Phase Changing Material

Phase changing material variances phase by taking a certain amount of
heat. The heat that causes a substance to change phase is called latent heat.
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But when the process is reversed, if the substance is pure, the heat taken
earlier is released isothermally. Basic conditions for substances to be used
as phase changes materials include stability in the phase change and little
change in the volume of the substance. Phase changing materials are widely
used in several building materials to decrease the heating and refrigeration
charge of structures, to prevent overheating of electronic devices, in the
textile industry and in areas such as food transport (Cevik 2012). Pesent
working, the use of RI:9HC phase changing material was preferred for
insulation purposes. The thermophysical properties of the material with a
coetticient of thermal conductivity 0.2 W/mK are shown in Table 1. In the
calculations made within the scope of the analysis, it is assumed that the
thermophysical properties specified in the table do not change depending on
the temperature and that all the energy storaged all day will be used all night.
While making these calculations, monthly sunshine durations are taken as a
basis for each region separately.

Table 1. Thermophysical properties of RI-OHC material (Bilgin, 2017)

RT9HC

Thermal conductivity 0.2 (solid-liquid)
k (W/mK)

Density 880 (solid)

P (kg/m?) 770 (liquid)
Specific heat 2000 (solid-liquid)
¢, (J/kgK)

Melting temperature -9

Tm (°C)

Heat of melting 250

L, (j/kg)

2.3. Calculation Methods

In response to the need to minimize the losses arising from the building
envelope, thermal insulation applications have emerged. In this way, besides
providing thermal comfort, it is possible to save energy. Studies in this field
are of great importance on purpose increase energy productivity and ensure
sustainability (Ustaoglu et al. 2020). In this study, the processes to perform
the energy performance analysis were made using the Engineering Equations
Solver (EES) program. Within the context of analysis, the provinces of
Antalya and Ankara, which are located in the first and third degree climate
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zones, were discussed. The change in annual energy performance was
observed with the use of phase changing material rather than heat insulation
material. For the polyurethane and phase changing material used in the
analysis, the thickness was changed in the range of 0-0.1 m and included in
the calculations.

The general equations used in the study are Egs. 1-2-5 (Cengel and
Ghajor 2015), Egs. 3-4 (TS 2008) as shown below. The amount of heat
energy transfer:

— £ — T;n — T;me
R 1 & d N 1 (1)
h,As “‘Z'kAs h,, As

Where T stands for indoor temperature while T stands for ambient
temperature. 4 represents the thickness of the components (m) and % is the
thermal conductivity (W/mK). /, is the convective heat transfer coefticient
for the case of inner side and /_ is the convective heat transtfer coefficient
for exterior of the analyzed structural component. R is the thermal resistance

(m?K/W) and can be defined as:

1
Rout (2)

_ oy diy s,
R= —+ 3+ 2+ E4t

Rin ky z

Where d,, d,and d, are refers to thickness of the building components
(m). &, is the convective heat transfer coefficient for the case of inner side,
h . is the convective heat transfer coefticient for exterior surfaces (W/m?K)
and % is the thermal conductivity coefficient (W/m?K).

H=H;+Hy (3)

The expression H shown in Equation 3 represents the total specific heat
loss (W/K). H., represents the heat loss due to conduction and convection
(W/K). H,, is the heat loss through ventilation (W/K) and can be calculated
as follows:

H,, = pcV' (4)
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where p is intension of air (kg/m?), ¢ is specific heat of the air (J/kgK) and
17 is volumetric air change (m?/h).

In order to find the annual heating energy need, all months are added and
calculated as follows:

i=12

Dot = 2D, (5)

where (), is indicates the heat requirement for each month.

Total heat requirement can be calculated as follows:
P= L c (6)

P is the fuel cost ($) and c is the unit price of fuel ($/m3, $/tonne
or $/kWh). The amount of annual fuel excise (N.m3, kg or kWh) can be

calculated as the ratio of annual heat requirement to the net calorific value
of the fuel.

3. Results and Discussions

The consequences of the analysis made within the scope of the study are
included in this chapter. A one year energy performance review for the first
and third degree climate zone was calculated in the Engineering Equations
Solver (EES) program. The result graphs below were created in the light of
these data.



Kiibra Kurtojlu Sontay / Abid Ustagilu / Elif Ogiit | 45

i.'H-l'_ ﬂq__ T T T T ]
= ——PCH (k=02 Wimk)

= 48F standard (k=0.035 WimK}| 1
Z 4} .
1] -
ay

o 30k _
Z,

S 24} |
oy

T 18 -
2 12

i 1—'1.&%5?% a

0.00 003 0._06 0.09 012
Insulation Thickness - m

Figure 1. Vaviation in total heat need for vegion 1 based on change in the insulation
thickness

Figure 1 shows the alteration in a year sum heat requirement of Antalya
city depending on the utilize of phase changing materials for insulation
purposes. When phase change material is used instead of insulation material
in the building, an annual decrease of 74.92% was observed in the total
heat requirement. Figure 2 demonstrates the variance of the yearly total heat
requirement for Ankara. It is understood from the graph that there is an
82% decrease in the total heat requirement when phase changing material is
used to provide insulation in the building. One of the main reasons for the
higher savings in the 3rd region is the greater need for heat in the region due
to the continental climate. These calculations assume that the phase change
material stores the energy during the insolation period and uses the energy
stored during the night.
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Figure 2. Vaviation in total heat need for vegion 3 based on change in insulation
thickness
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Figure 4. Vaviation in conl fuel cost for vegion 2 based on change in insulation thickness

Figure 3 and Figure 4, one year natural gas fuel cost and coal fuel cost of
Istanbul province are shown, respectively. As can be seen from the graphics,
an 83.5% reduction in annual fuel costs was observed when phase change
material was used as insulation material instead of standard insulation
material in the building. While making these calculations, it is assumed that
the phase change material stores the energy during the sunshine period and
uses the energy it has stored during the night.
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Figure 5 represents the annual change in natural gas fuel cost in Erzurum,
and Figure 6 represents the change in annual coal fuel cost. It is clearly seen
that it is more economical in all insulation thicknesses when phase change
material is preferred instead of standard insulation material in the building.
In addition, while there was an 80.14% reduction in the one-year natural
gas fuel cost, there was a 80.13% reduction in the one-year coal fuel cost.
Since Erzurum is a region with a heavy continental climate, these savings are
very important.

4. Conclusions

With the increase in the standard of living, urbanization has also
accelerated. Therefore, the need for energy has increased day by day. Nearly
40% of the sum energy depletion originates from the construction sector.
Most of the energy losses in the building sectors are due to heating and
cooling applications. For this reason, it is aimed to reduce energy depletion
by providing the thermal suitability condition. The utilizing phase changing
materials in structures is an emerging technology to provide both thermal
suitability and energy savings (Suresh et al. 2022). In this scientific study, the
cruciality of insulation applications, which are widely used in the building
sector, was highlighted and the variation of the total heat requirement
for the provinces of Antalya, Ankara has been examined. Also, fuel cost
analyzes were made for the provinces of Istanbul and Erzurum. The base
consequences of the study can be sum up as follows:

* DPreventing heat losses from buildings not only reduces energy
consumption and costs, but also provides environmental benefits by
reducing greenhouse emissions.

* Providing heat insulation techniques in buildings is not only important
in continental climatic regions, but also in warm climatic regions
where the walls are exposed to high solar radiation values.

* Studies on thermal insulation materials that are harmless to the
environment and have higher performance have gained momentum
in recent years. In this context, many studies are carried out on the
technique of thermal insulation with phase change materials.

* Phase changing materials, which are frequently mentioned in studies
on energy efficiency in the literature, have been preferred in buildings
in order to save energy by making use of their storage properties.

* The phase changing material proposed for insulation purposes in the
study was applied in the reference building placed in the primary and
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third degree day regions. Consequently, the total heat requirement has
been greatly reduced and thus energy efficiency has been achieved.

e In this paper, the phase change material, which is preferred for
insulation purposes, applied instead of insulation material for a sample
building in the second and fourth degree day regions. Consequently,
essential findings have been reached with regard to both providing
thermal comfort and energy saving.

¢ Present study, it has been observed that if phase change material is
used instead of standard insulation material, it is inevitable to save
energy both in terms of thermal insulation and fuel costs.

* Obviously seen in the analysis consequences that the utilizing phase
change materials provides significant conservation in both natural gas
and coal fuel costs for both regions is clearly seen in the results of the
analysis.

e Itis clearly seen in the analysis results that the utilize of phase changing
material provides significant conservations in annual heat requirement
tor both regions.

¢ Finally, commercially common phase change materials such as paraffin
are mostly included in the literature. Instead, it will be very helpful to
examine the thermal performance of distinct phase changing materials
such as salt hydrates and to analyze them for building applications.
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Chapter 4

The Quality Characteristics of a New Sustainable
Functional Kefir Fortified with Spirulina
plantensis Microalgae During Storage 3

Ozge Duygu Okur'

Ozgiin Burcu Isbecer?

Abstract

The purpose of this study was to reveal the quality characteristics of
sustainable functional kefir enriched with Spirulina platensis (S. platensis)
microalgae, known for its health effects, during storage (4°C) for 21 days.
For this purpose, four kefir samples were produced by using S. platensis
microalgae in different amounts (A: 0% (control), B: 0.25%, C: 0.50%, D:
1%). The physicochemical, microbiological, sensory, phenolic contents and
antioxidant properties of the kefir samples were investigated during day 1,
day 7, day 14 and day 21 of storage.

One of the main results was that the addition of S. platensis powder was seen
to increase L. bulgaricus and S. thermophilus counts in the kefir samples during
storage (P < 0.05). Among the samples, the D sample had the highest total
phenolic and antioxidant activity content (respectively 1033.75 mg GAE L™!
and 15.78 mMTE) (P < 0.05).

1. INTRODUCTION

Kefir, which is formed as a result of the activity of a number of specific
microorganisms, is a functional fermented milk product originating from
the Caucasus. Lactic acid and acetic acid bacteria and several yeast species
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coexist in kefir in a symbiotic association, and this microflora is responsible
tor acidic-alcoholic fermentation (Garrote et al. 2001; Irigoyen et al. 2005).

Kefir consumption has gained popularity in contemporary times due to
its potential anticarcinogenic, antitumoral, anti-inflammatory, antimicrobial,
probiotic, and prebiotic properties. Additionally, it is associated with benefits
such as enhanced lactose tolerance, reduced cholesterol levels, and positive
effects on both the immune system and hypocholesterolemic responses
(John and Deeseenthum 2015; Sharifi et al. 2017; Yilmaz et al. 2022).
Diversifying kefir’s nutraceutical advantages can be achieved through the
implementation of applicable strategies, such as enriching kefir with specific
ingredients capable of bestowing distinctive and valuable properties upon
the beverage (John and Deeseenthum 2015; Sharifi et al. 2017; Arslan
2015; Aiello et al. 2020).

Microalgae have been proposed as new model organisms in dietary
supplements in animal and human nutrition (Spolaore et al. 2006; Enzing et
al. 2014), as well as in wastewater bioremediation (Craggs et al. 1996) and
biotechnological applications (Demirbas and Demirbas 2011). Capable of
surviving under very harsh conditions compared to other algae, Spirulina is a
cyanobacteria or blue-green microalgae with a spiral cellular structure (Ghaeni
et al. 2014). With its excellent nutritional value and high protein content,
Spirulina is the best known strain (Spolaore et al. 2006). The two most
commonly used Spirulina species in nutritional supplements are S. platensis
and Spirulina maxima (S. maxima). Spirulina is a rich source of nutrients,
namely high quality proteins, gamma linolenic acid, sulfolipids, glycolipids,
polysaccharides, carotenoid, omega-3 and omega-6 polyunsaturated fatty
acids, vitamin E, vitamin A, various B vitamins, and minerals such as
magnesium, potassium, calcrum, zinc and selenium (Belay 2002; Tang and
Suter 2011). Therefore, as a potential therapeutic agent, it is effective in the
treatment of diseases caused by oxidative stress (Makhlouf and Makhlouf
2012). Spirulina has particular therapeutic eftects such as reduction of
hyperlipidemia and obesity, protection against some cancers, increasing
intestinal lactobacilli, reducing nephrotoxicity, reducing blood cholesterol,
enhancing the immune system and radiation protection (Jimenez et al.
2003; Patel and Goyal 2013; Finamore et al. 2017; Lafarga et al. 2020).
In addition, Spirulina contains many functional bioactive components
with antioxidant and anti-inflammatory activities such as phycobiliprotein
C-phycocyanin (Riss et al. 2007) and phenolic phytochemicals (Machu et al.
2015). In the food industry, due to these functional properties, S. platensis can
be used in the production of functional foods (Fadaei et al. 2013). Moreover,
a trend has begun to add microalgae (cyanobacterial biomass) in fermented
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milk products to increase the functional product properties by promoting
the viability of probiotics and also to improve their nutritional properties
(Varga et al. 2002; Beheshtipour et al. 2013). Spirulina is frequently used for
human consumption in various forms: tablets, capsules, or food additives
such as dairy products (Varga et al. 2002; Guldas and Irkin 2010; Malik
et al. 2013; Agustini et al. 2016; Barkallah et al. 2017; Darwish 2017;
Szmejda et al. 2018; Celekli et al. 2019; Narayana and Kale 2019; Celekli
et al. 2020; Bosnea et al. 2021), gelatin desserts (Gouveia et al. 2008), and
bakery products (De Marco et al. 2014; Ashoush and Samar 2019; Grahl et
al. 2020; Da Silva et al. 2021).

This study aimed to determine the potential effect of adding microalgae
on the quality properties (physicochemical, microbiological, sensory,
phenolic content and antioxidant properties) during storage in a new type
of sustainable functional kefir produced by adding S. platensis powder. When
the enrichment studies on kefir as a functional product were examined, no
study was found on the use of microalgae such as S. platensis, especially in
milk kefir. Hence, it is anticipated that this research will add value to the
current body of published literature.

2. MATERIALS AND METHODS

2.1. Materials

The entirety of the UHT cow’s milk utilized in the research was acquired
from Pmnar Sut Co. located in Izmir, Turkey. The commercial freeze-
dried kefir starter culture was sourced from Danisco-Biolacta in Poland.
S. platensis powder was obtained from Cyanotech Corp. Hawaii, USA,
while 2,2'-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium
salt (ABTS), 6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid
(Trolox) and gallic acid were obtained from Acros (Morris Plains, NJ, USA).
Folin Ciocalteu reagent was purchased from Merck (Darmstadt, Germany).
Potassium persulphate (K,S,0,), sodium carbonate (Na,CO,) and ethanol

(C,H,OH) were purchased from Sigma Aldrich (St. Louis, MO). All
chemicals and reagents were of analytical grade.

2.2. Kefir production

Kefir production was carried out according to Garcia et al. (2006) with
some modifications. The freeze-dried kefir culture underwent activation in
skimmed milk prior to inoculation. The inoculated skimmed milk designated
for use as the culture was incubated at 25°C until reaching a pH of 4.6,
followed by overnight storage at 4°C. The whole UHT milk underwent
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heat treatment at 85°C for 10 minutes, after which it was enriched with
S. platensis powder at concentrations of 0.25%, 0.50%, and 1% (w/v).
Subsequently, the milk samples were cooled to 25°C and inoculated with a
3% kefir culture, then packaged into 200mL glass containers. Incubation
continued at 25°C until a pH value of 4.6 was achieved. After fermentation,
the samples were cooled and stored at 4°C for 21 days for the analyses.
Four difterent kefir samples were produced, namely A: control kefir, B: kefir
supplemented with 0.25% S. platensis powder, C: kefir supplemented with
0.50% S. platensis powder and D: kefir supplemented with 1% S. platensis
powder (Figure 1)

Figure 1. Kefir Samples, A: Control kefir, B: Kefir supplemented with 0.25% S. platensis
powder, C: Kefir supplemented with 0.50% S. platensis powder, D: Kefir supplemented
with 1% S. platensis powder

2.3. Analytical methods

The titratable acid content was assessed following the method outlined by
Case et al. (1985), and the total solids content was determined in accordance
with AOAC (1990) guidelines. Titratable acidity was characterized through
titration with 0.1 N NaOH until reaching a pH of 8.1, with results expressed
as a percentage of lactic acid. The pH value of the content was measured
using a digital device (Schott Instruments, Lab 860, Germany).

2.4. Microbiological analysis

An aliquot of ImL of each kefir sample was mixed with 9mL of
sterile saline solution (0.85g100mL™!) in a tube. The suspension was
homogenized for 1 minute and serial dilutions were prepared using the same
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saline solution. The total bacterial count (TBC), Lactobacillus counts and
Streptococcus counts were determined by the pour plate technique. TBC was
determined using plate count agar and incubation was for 48 hours at 35°C
according to Houghtby et al. (1992). M17 agar (Biolife) was used to count
Streptococcus in the kefir samples and incubated aerobically at 37°C for 72
hours according to Torriani et al. (1996). MRS agar (Biolife) was used to
count Lactobacillus in the kefir samples according to Tharmaraji and Shah
(2003) and plates were incubated under anaerobic condition at 37°C for 72
hours.

2.5. Determination of the Total Phenolic Content

In the assessment of phenolic content in kefir, gallic acid served as the
standard, and the Folin Ciocalteu method (Singleton and Rossi 1965) was
employed. The absorbance value was measured at a wavelength of 760 nm
using a spectrophotometer (Shimadzu Scientific Instruments, Inc., Tokyo,
Japan). The concentration of total phenolic content in kefir was expressed
in gallic acid equivalent (GAE), determined through a standard gallic acid
curve. The results are reported as mg GAE L.

2.6. Determination of the Total Antioxidant Activity

2,2'-azinobis (3-ethylbenzothiazoline)-6-sulfonic acid (ABTS-
TEAC) Assay

The 2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium
salt (ABTS") radical cation was generated by combining 7mM of ABTS
stock solution with 2.45mM of potassium persulfate. The resulting
ABTS* radical cation was then diluted with PBS to achieve a pH of 7.4
and an absorbance of 0.70 (%£0.02) at 734nm, equilibrated at 30°C.
Spectrophotometric measurement of ABTS* inhibition against Trolox
(6-hydroxy-2,5,7, 8-tetramethylchromane-2-carboxylic acid) was
conducted, with absorbance recorded at a wavelength of 734nm using a
spectrophotometer (Shimadzu Scientific Instruments, Inc., Tokyo, Japan).
TEAC values for the samples were calculated from the Trolox standard curve
and expressed as Trolox equivalents (in umol mL~! of sample) (Re et al.
1999).

2.7. Sensory evaluation

Sensory evaluation of the kefir samples was conducted by 10 trained
panelists (4 to 5 males, 4 to 5 females) using sensory assessment scorecards.
The selected panelists voluntarily gave their consent to do the sensory
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evaluation of the proposed product. Kefir samples were evaluated in terms
of appearance, texture, homogeneous structure, color, taste, mouthfeel, odor
and general acceptability on storage days 1, 7, 14 and 21. The evaluation
was carried out based on eight criteria on a 10-point scale (Lawless and
Heymann 1999).

2.8. Statistical analysis

Three measurements of each parameter were carried out at separate
times. The experimental data was analyzed for variance (one way ANOVA)
with SPSS 16 version software (SPSS 2017). The data presented are given
as mean values with standard errors. For each principal effect, a multiple
comparison of treatment means was performed using Tukey’s pair-wise
comparison at an a-level of 5%.

3. RESULTS AND DISCUSSION

3.1. Physicochemical composition

The physicochemical composition of kefir samples are given in Table 1. It
was determined that the addition of S. platensis to the kefir samples increased
the titratable acidity and dry matter contents (P < 0.05). Also, the addition
of S. platensis caused a decline in pH values of the kefir samples. This decline
was probably due to the stimulatory effect produced by S. platensis on the
growth of L. bulgaricus, which was also supported by the higher viable cell
counts of L. bulgaricus in the kefir samples with §. platensis during storage
(Beheshtipour et al. 2013). Similar results were found by Varga et al. (2002);
Gyenis et al. (2005); Molndr et al. (2005); Molnar et al. (2009); Guldas and
Irkin (2010); Narayana and Kale (2019) and Celekli et al. (2020).
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Table 1. Physicochemical properties of the kefir samples

Sample  Storage periods Titratable pH Dry matter (%)
(day) acidity (LA%)

7 0.87+0.00% 4.49x0.00% 12.83+0.03%

21 0.87+0.00* 4.46x0.00% 12.83+0.03

7 0.90+0.024 4.47+0.008° 12.90+0.00%

21 0.92+0.00% 4.47+0.00% 12.90+0.00%

7 0.97+0.04% 4.45+0.00< 13.05+0.02%

21 0.97x0.01% 4.43+0.00% 13.05+0.02%

7 0.99x0.01% 4.42x0.00" 13.40+0.07%

21 1.05=0.01%° 4.43x0.00% 13.40+0.07%

A: Control kefiv; B: Kefir supplemented with 0.25% S. platensis powder, C: Kefir
supplemented with 0.50% S. platensis powder, D: Kefir supplemented with 1% S. platensis
powder.

**Different lowercase superscripts depict the statistical difference within a vow between
time (P < 0.05).

AECDiffevent uppercase superscvipts depict the statistical difference between the mean
values of kefiv samples (P < 0.05).

3.2. Microbiological analysis

Figure 2 presents the total microbial counts for all the kefir treatments
during the storage period at 4°C. There were significant differences in the
total aerobic mesophilic bacteria (TAMB) counts between the control and
kefir with S. platensis. The TAMB count was influenced not only by adding S.
platensis but also by the storage time (P < 0.05). The results presented here
are similar to those found by Suzery et al. (2018), and Patel et al. (2019).
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Figure 2. The effect of adding S. platensis on the total microbial counts (logcfirg™) in

kefiv duving storage: A: Contvol kefiv; B: Kefir supplemented with 0.25% S. platensis

powder, C: Kefir supplemented with 0.50% S. platensis powder, D: Kefir supplemented
with 1% S. platensis powder

The storage period significantly affected the L. bulgaricus, S. thermophilus
and total bacteria counts (P < 0.05). Data in Figure 3 and 4 present the
effects of S. platensis enrichment on the viability of L. acidoplhilus and .
thermophilus in kefir samples during storage.
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Figure 3. The effect of adding S. platensis on the viability (logcfig™) of L. acidophilus
in kefir during stovage: A: Control kefir; B: Kefiv supplemented with 0.25% S. platensis
powder, C: Kefir supplemented with 0.50% S. platensis powder, D: Kefir supplemented
with 1% S. platensis powder.
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As illustrated in Figures 3 and 4, the introduction of S. platensis powder
into the kefir samples, in comparison to the control samples, resulted in
elevated counts of L. bulgaricus and S. thermophilus throughout the storage
period. Microalgae have been reported to stimulate the growth of lactic
acid bacteria, and increase their viability and acid production by providing
essential compounds such as adenine, hypoxanthine, free amino acids,
vitamins, minerals etc (Beheshtipour et al. 2013; Omar et al. 2019). Similar
results were reported by Fadaei et al. (2013); Mocanu et al. (2013); Agustini
et al. (2017); Narayana and Kale (2019); Patel et al. (2019); Atallah et al.
(2020) and Celekli et al. (2020).
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Figuve 4. The effect of adding S. platensis on the viability (logcfirg™) of Streptococcus
thermophilus in kefir durving stovage: A: Control kefiv; B: Kefir supplemented with
0.25% S. platensis powder, C: Kefir supplemented with 0.50% S. platensis powder, D:
Kefir supplemented with 1% S. platensis powder

Also, because of the alkaline character of S. platensis and having
considerable buftering capacity, Spirulina significantly stimulated the acid
production and increased growth rates of lactic acid bacteria during the
fermentation process and even during the 1st week of storage. However,
viability percentages declined slowly thereafter similar to other study results
(Beheshtipour et al. 2013; Guldas and Irkin 2010; Atallah et al. 2020).

3.3. Evaluation of total antioxidant activity and phenolic contents

Figures 5 and 6 depict the alterations in the total antioxidant activity
and total phenolic content of kefir samples, respectively. The lowest total
antioxidant activity value (7.65mMTE) was detected in the control kefir
samples (A) on the 7" day of storage, and the highest total antioxidant
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activity value (15.78 mMTE) was detected in the sample D on the 21 day
of storage (Figure 5).

Recent investigations have demonstrated the considerable antioxidant
and phenolic content found in microalgae (Goiris et al., 2012; Machu et al.,
2015; Barkia et al., 2019). Phenolic compounds, known for their antioxidant
capacity, have the ability to interact with free radicals without compromising
their stability (Gershwin and Belay, 2007). Phenolic acids, tocopherols and
{3-carotene, which are known to exhibit antioxidant properties, are included
in the composition of Spirulina. S. platensis are bioactive-rich microalgae of
great potential as a source of natural antioxidant (Ghaeni et al. 2014; Jacob-
Lopes et al. 2019).

The incorporation of microalgae was found to exert a significant impact
on the antioxidant capacity of all samples in comparison to the control kefir
samples (P < 0.05). Especially, the addition of 1.0% S. platensis was found to
approximately double the antioxidant capacity from 7.68 to 15.03 mMTE
on day 1 of storage. Research indicates that the antioxidant activity and
phenolic content in dairy products, including yogurt, cheese, ice cream, and
termented milk, show an elevation in the presence of microalgae (O’Sullivan
et al., 2014; Barkallah et al., 2017; Darwish, 2017; Szmejda et al., 2018;
Atallah et al., 2020; Aydemir and Oner, 2020).
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Figure 5. The total antioxidant activity of kefir samples during stovage at 4°C for
21 days: A: Control kefiv; B: Kefir supplemented with 0.25% S. platensis powder, C:
Kefir supplemented with 0.50% S. platensis powder, D: Kefiv supplemented with 1% S.
platensis powder
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S. platensis, one of the most important microalgae, has been used as a
food in Asian countries for a long time due to its high nutritional value and
is gaining importance in European countries. This microalgae contains many
high-value bioactive ingredients such as proteins, phenolics, antioxidants,
carbohydrates, lipids, vitamins, pigments and other phytonutrients (Li et
al. 2007; Hajimahmoodi et al. 2010; Priyadarshani and Rath 2012; Vo et
al. 2015).
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Figure 6. The total phenolic content of kefiv samples during storage at 4°C for 21
days: A: Control kefir, B: Kefir supplemented with 0.25% S. platensis powder, C:
Kefir supplemented with 0.50% S. platensis powder, D: Kefir supplemented with 1% S.
platensis powder

The lowest total phenolic content (846.25 mgGAEL™) was found
in control kefir samples (A) on day 7 of storage, while the highest total
phenolic content (1033.75 mg GAEL™") was detected in sample D on day
21 of storage (Figure 6). The addition of S. platensis significantly affected
the total phenolic content of all samples when compared to the control kefir
samples (P <0.05).

Particularly, the inclusion of 1.0% S. platensis was observed to enhance
the total phenolic content from 852.50 to 1015 mg GAE L™ on the first day
of storage. These findings align with the results reported by O’Sullivan et
al. (2014), Barkallah et al. (2017), Darwish (2017), Szmejda et al. (2018),
Atallah et al. (2020), and Aydemir and Oner (2020).
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3.4. Sensory analysis

The sensory evaluation results for the kefir samples are depicted in Figures
7 and 8. Overall, among the kefir samples, the control kefir (A) and the kefir
enriched with 0.25% S. platensis powder (B) consistently earned the highest
ratings across all sensory attributes. Concurrently, the kefir supplemented
with 1% S. platensis powder consistently received the lowest scores for sensory
properties (P < 0.05). Both the control kefir (A) and the kefir enriched with
0.25% S. platensis powder (B) garnered favorable ratings from the panelists
for positive sensory attributes, as well as for having a uniform texture and
mouthfeel. Generally, sensory scores declined in all kefir samples over the
course of storage. Treatments with higher microalgae concentrations (0.50
and 1%) had lower sensory acceptability for all organoleptic properties
compared to the control (P < 0.05).

Spirulina, like most microalgae, are known to have an undesirable odor.
The addition of S. platensis will produce an odor that tends to be fishy or
unpleasant. The fishy odor of S. platensis comes from its minerals contents
(Beheshtipour et al. 2013). Also, higher amounts of added S. platensis gave a
darker green color to the kefir due to the blue—green pigment (phycosianin)
in it (Machu et al. 2015). These properties were noticed by the panelists
as an inappropriate sensory attribute (appearance), especially in samples
C and D. Alternatively, it is suggested that 1% S. platensis powder can be
used in fruit kefir or fruit flavored kefir samples without adversely affecting
the organoleptic properties. In this way, negative sensory properties can be
suppressed by the addition of fruit flavoring agents.
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Figure 7. Sensory properties of kefiv samples at day 1 of stovage: A: Control kefir; B:
Kefiv supplemented with 0.25% S. platensis powder, C: Kefir supplemented with 0.50%
S. platensis powder, D: Kefiv supplemented with 1% S. platensis powder
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Figure 8. Overall acceptability of kefiv samples during stovage: A: Control kefir; B:
Kefir supplemented with 0.25% S. platensis powder, C: Kefir supplemented with 0.50%
S. platensis powder, D: Kefiv supplemented with 1% S. platensis powder

The close alignment of values between the control kefir (A) and the kefir
supplemented with 0.25% S. platensis powder (B) across various sensory
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evaluation criteria indicates that the quantity of S. platensis powder employed
should adhere to a specific ratio. These findings are also supported by Guldas
and Irkin (2010); Malik et al. (2013); Agustini et al. (2016); Barkallah et
al. (2017); Behir et al. (2019); Celekli et al. (2019); Narayana and Kale
(2019); Atallah et al. (2020) and Bosnea et al. (2021).

4. CONCLUSION

In this study, S. platensis powder was successfully used in kefir samples and
according to the results obtained, it was determined that the addition of §.
platensis powder significantly increased the antioxidant activity and phenolic
content of kefirs. The addition of §. platensis resulted in higher dry matter,
titratable acidity, and lower pH in kefir samples during storage. It was also
shown that the addition of S. platensis powder to kefir samples increased L.
bulgaricus and S. thermaophiles counts compared to control samples during
storage. Also, according to the observed results, the addition of Spirulina had
a beneficial effect on the survival of the bacterial starter culture. On day 1 of
storage, the control kefir (A) and kefir supplemented with 0.25% S. platensis
powder (B) received the highest scores of 9.54 and 9.50, respectively, in
terms of overall acceptability. S. platensis can be successfully used in kefirs to
further enhance its health benefits as a functional additive. In conclusion,
it can be inferred that S. platensis has the potential to contribute to the
production of a novel, sustainable functional kefir with favorable sensory
attributes and antioxidant properties, contingent upon the concentration of
microalgae utilized.
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Chapter 5

New Trends 1n Artificial Intelligence

Fulya Aslay*

Abstract

Nowadays, with society 5.0, where technology has reached its highest level
and smart societies have been formed, artificial intelligence has entered our
lives in almost every field. With artificial intelligence, which is related to
many disciplines, machines that resemble the human thinking and learning
system are produced. In this way; artificial intelligence is used in cases where
workforce and potential processing capacity are insufficient. In this study,
the development process of artificial intelligence, new trends with artificial
intelligence technologies are presented and the areas of use of artificial
intelligence are included with examples. Finally, information about the future
of artificial intelligence is given. It is expected that this study, which explains
the basic principles of artificial intelligence, will be useful to its readers.

1. INTRODUCTION

In today’s world, computers, despite being machines that make life

easier for humans and take on their workload, fall short in solving complex
problems. At this point, artificial intelligence aims to enhance the capabilities

of computers in complex situations such as thinking and problem-solving
like humans, where computers prove to be insufficient. Artificial intelligence
is related to various disciplines such as computer engineering, philosophy,

cognitive science, and electronic sciences. It encompasses theories, methods,
and applications related to mimicking and advancing human intelligence for
solving problems or issues in various fields (Shi and Zheng, 2006, p.810).

It includes various methods and tools, ranging from speech recognition and
robotic applications to expert systems and natural language processing (Niu,
Tang, Xu, Zhou, and Song, 2016, p.1).
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To be called artificial intelligence, a system must possess four distinct
features: the ability to act like a human, the ability to think like a human,
the ability to act rationally, and the ability to think rationally (Russell and
Norvig, 2010).

The development of artificial intelligence began with Turing machines in
1950 and has now become a part of our lives in almost every aspect, from
health to security, from shopping to social media. With technologies such as
machine learning, deep learning, natural language processing, and genetic
algorithms, artificial intelligence now enables dialogue between machines
and humans through chatbots.

With the continuous advancement of artificial intelligence, it is expected
that virtual reality and augmented reality applications will become even
more widespread in the future. Moreover, digital humans will progress
further, possessing not only text and voice-based communication skills but
also interacting through various modalities such as facial expressions, body
language, emotions, and physical interactions, going beyond the capabilities
of mere text and voice-based communication.

2. ARTIFICIAL INTELLIGENCE

John McCarthy, widely regarded as the father of artificial intelligence,
defined artificial intelligence in 1956 as the “science and engineering of
making intelligent machines” (Gupta, 2017). Today, artificial intelligence
is recognized as a system that operates with advanced technology, generally
possessing the abilities to mimic, understand, evaluate, and make superior
interpretations by bringing together previously learned information
(Nabiyev, 2012). The goal of artificial intelligence is to mimic human
intelligence through computer means. Artificial intelligence is defined in
various ways in the literature (Pirim, 2006: 81-93).

* “Artificial intelligence is the replication of behaviors termed intelligent
when performed by humans, but executed by machines.”

e “A theory attempting to demonstrate how the human mind works.
The goal of artificial intelligence is to mimic human intelligence
through computer means.”

* “Artificial intelligence seeks to understand the structure of intelligence
by creating computer programs that control intelligent machines.”

The concepts of artificial intelligence, deep learning, and machine learning
have become intertwined and are sometimes even used interchangeably.
However, machine learning is a subset of the artificial intelligence discipline,
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and deep learning is an area that needs to be examined under machine
learning. This situation is illustrated in Figure 1. (Oztemel, 2020).

ARTIFICIAL INTELLIGENC

A program tha ason
act, a

MACHINE LEARNING

Algorithms whose performance imprave
as they are exposed to more data over time

DEEP
LEARNING

Subiset of machine learning in
which multilayered neural
networks learn from
vast amounts of data

Figure 1. Artificial Intelligence, Machine Learning and Deep Learning Relationship

Definitions of artificial intelligence are categorized into four groups:
machines that think like humans (thinking humanly) (Belman, 1978),
machines that act like humans (acting humanly) (Kurzweil, 1990), machines
that think rationally (thinking rationally) (Winston, 1992), and machines
that act rationally (acting rationally) (Nilsson, 1998).

2.1. The Development Process of Artificial Intelligence

The emergence of Artificial Intelligence (AI) dates back to 1945 when the
term Robotics was coined. The development of Al, along with significant
milestones up to the present day, can be outlined as follows (Gupta, 2017;

Ayyildiz and Yilmaz, 2021; Akbulut, 2023):

1950: Alan Turing introduced the Turing Test for evaluating intelligence
and published “Computing Machinery and Intelligence.” Claude Shannon
published “A Detailed Analysis of Chess Playing” (Turing, 1950).

1956: John McCarthy coined the term “Artificial Intelligence” and
presented the demonstration of the first Al program created at Carnegie
Mellon University.
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1958: John McCarthy developed the LISP programming language for
AlL

1964: Danny Bobrow’s thesis at MIT demonstrated that computers
could accurately understand algebraic word problems in natural language.

1965: Joseph Weizenbaum at MIT created ELIZA, a natural language
processing computer program capable of sustaining a dialogue in English.

1969: Scientists at Stanford Research Institute developed Shakey; a robot
with motion, perception, and problem-solving capabilities.

1973: The first Al research center in Europe was established at the
University of Edinburgh.

1979: Stanford Cart, the first computer-controlled autonomous vehicle,
was created.

1985: Harold Cohen created and showcased the drawing program Aaron.

1990: Significant progress was made in all areas of Al, including machine
learning, case-based reasoning, multi-agent planning, timing, data mining,
web crawling, natural language understanding and translation, vision, virtual
reality, and gaming.

1997: Deep Blue Chess Program defeated the reigning world chess
champion, Garry Kasparov.

2000: Interactive robotic pets were introduced to the market. MIT
created Kismet, a robot expressing emotions.

2005: The humanoid robot Asimo, equipped with artificial intelligence,
was introduced.

2011: Apple introduced Siri, a virtual assistant capable of executing voice
commands.

2012: Google tested self-driving cars in traffic.

2016: Google’s AlphaGo defeated a top Go player in the world. The same
year, Hanson Robotics introduced Sophia, a humanoid robot recognized as
the first “robot citizen,” with a realistic human appearance, the ability to
perceive and mimic emotions, and communication skills.

2021: OpenAl released DALL-E, a project capable of generating images
based on textual descriptions.

2022: ChatGPT, known to be created by OpenAl, was launched. (GPT-2
was developed in 2019, and GPT-3 Beta in 2020.)
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March 2023: Google Bard, a chat robot utilizing the large language
model called LaMDA, was opened to a limited user base.

2.2. Applications of Artificial Intelligence

Artificial intelligence (AI) has become widely prevalent in various fields
today. Al and intelligent software are actively used in numerous sectors and
activities, ranging from health, law, entertainment, tourism, finance, banking,
security, engineering, education, socio-cultural activities, to manufacturing
and storage (Komalavalli et al., 2020; Apaydin et al., 2023). Below are
examples encompassing common application areas:

Health: Al utilizes data to predict diseases and provide accurate
treatments, actively contributing to the healthcare sector.

Finance: Al facilitates quick access to reports that data analysts could
spend hours generating in the financial sector.

Shopping: Online shopping platforms collect and store information
about your preferences. Google Analytics can provide insights into your
online activities, including the time spent on specific pages, location,
browser, device, and even mouse usage.

Social Media: Al, employed by social media platforms like Facebook,
Twitter, and Instagram, considers your past searches, interactions, and
behaviors to enhance user experience.

Autonomous Vehicles, Drones, Autopilot: Autonomous vehicles,
including self-driving cars, are prime examples of how Al influences the
automotive industry. They use visual recognition systems and real-time
modeling to predict static and moving obstacles and determine actions
based on objectives.

Travel: Google Maps, powered by Al algorithms, scans route information
and determines the most suitable path for biking, driving, bus, train, or
walking. Al, through chatbots, is rapidly changing the travel industry,
facilitating interactions that include travel suggestions, optimal reservation
prices, and quick response times.

Smart Devices: Al-supported devices, such as smart lights that change
intensity and color over time, and thermostats that adjust temperature
according to user preferences, are increasingly common. Automated voice
assistance systems like Alexa and Siri also exemplify AD’s role in enhancing

daily life.
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Music: Al based on data obtained from millions of conversations, can
assist musicians in creating themes and generating various musical elements.
Tools like SOUNDRAW, which uses Al to create royalty-free music, allow
users to choose length, tempo, mood, genre, and theme to generate music
with a click of a button.

Food: Al is utilized to make recommendations based on food compatibility
and assist in developing recipes.

Security: AD’s ability to analyze security camera footage using facial and
voice recognition technologies is more efficient and practical than requiring
humans to monitor streams from multiple cameras simultaneously.

Internet of Things (IoT) and Robotics: Technologies based on Al-driven
systems, focusing on device communication and creating autonomous
physical agents, encompass both the Internet of Things and robotics. They
use Al to identify signals, determine responses, and manage their current
situations.

2.3. Artificial Intelligence Technologies

There are various techniques and technologies employed in Artificial
Intelligence (AI). Below are some of the most commonly used methods
(Sagiroglu and Sinanc, 2013):

Machine Learning (ML): Machine Learning is a subset of Al that
utilizes various methods to analyze past data, make inferences, generate
solutions, and make predictions for the future. It has two main types:
Supervised, Unsupervised, Semi-supervised, and Reinforcement Learning.
Supervised learning is result-oriented, aiming to reach and conclude goals by
accessing information from data. It uses labeled datasets to train the model.
Unsupervised learning, on the other hand, focuses on exploring patterns
using unlabeled datasets.

Deep Learning: Deep Learning, which had a significant impact on the
scientific community in 2012, is a branch of machine learning that performs
complex tasks through artificial neural networks. It often requires large
amounts of data and high computational power but has achieved significant
success in areas such as visual recognition, speech recognition, and natural
language processing. Deep learning encompasses computation models with
multiple processing layers to represent data at multiple abstraction levels.

Natural Language Processing (NLP): NLP is a technology that
enables computers to understand human language. It includes various
applications such as search engines, virtual assistants, text classification,
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text summarization, text translation, sentiment analysis, and entity name
recognition.

Evolutionary Algorithms: Evolutionary algorithms seek solutions by
modeling natural genetic structures. They are used to find solutions in
problems where information is incomplete. These algorithms are built on a
random process and are generally applied to optimization problems.

Support Vector Machines (SVM): SVM is a supervised learning algorithm
used for classification or regression tasks. It creates an n-dimensional
hyperplane that optimally separates data into two categories. SVM models
are closely related to artificial neural networks, featuring a two-layer,
teedforward artificial neural network using a sigmoid kernel function. They
divide data with limiting hyperplanes, thus distinguishing classes.

Clustering Algorithms: Clustering algorithms divide datasets into groups
with similar characteristics. There are various clustering algorithms in the
literature, and the choice of which one to use depends on the goal and data
type. Main clustering methods include Partitioning methods, Hierarchical
methods, Density-based methods, Grid-based methods, and Model-based
methods.

Genetic Algorithms: Genetic Algorithms mimic biological evolution
processes and are probabilistic, robust, and intuitive search algorithms
based on evolutionary principles to reach specific goals. They are applied in
problems related to optimization.

These technologies collectively contribute to the diverse and evolving
tield of artificial intelligence, enabling advancements in various applications
and industries.

3. ARTIFICIAL INTELLIGENCE- NEW TRENDS

3.1 Artificial Intelligence with Augmented and Virtual Reality

The combination of artificial intelligence, augmented reality, and virtual
reality has the potential to revolutionize the world with its immense
functionalities.

3.1.1. Virtual Reality (VR): VR involves the fusion of reality and
imagination through digitally created scenarios. It is considered
the most advanced technology that integrates computer graphics,
simulation technology, artificial intelligence, sensor technology, and
parallel network processing achievements. VR is acknowledged as
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a highly sophisticated simulation system generated by computers
(Chavez & Bayona, 2018).

3.1.2. Augmented Reality (AR): Augmented Reality is defined as the
enhanced real-time perception of a physical real-world environment
through the addition of computer-generated information. It
enriches the live or indirect physical view of the environment and
its contents by integrating information generated by a virtual
computer. This includes sound, images, graphics, and GPS data.
AR is essentially the alteration and enhancement of reality by
computer technology. The concept of Augmented Reality involves
the technological adaptation and design of solutions to real-life
problems (Carmigniani et al., 2011). The products and services of
Augmented Reality are referred to as the Metaverse.

3.1.3. Metaverse: A Fusion of Reality and Virtual World. Metaverse can
be defined as a ‘digital world’ where real and virtual worlds merge
in a science fiction-inspired environment (Zhao et al., 2022). It
is a digital and online space that encompasses the digital twins of
humans, objects, and spaces, featuring 3D visuals (Moro-Visconti,
2022). In this ‘world,” people can transition between different
electronic devices and communicate in a virtual environment.
Metaverse is the next-generation internet, a “digital place where
the digital representations of people and objects live.”

Current modern prototypes of Metaverse applications can be categorized
into ‘games,’” ‘social experiences,” ‘online collaboration,” ‘simulation and
design,” and ‘creative economy’ (Y. Wang et al., 2023). Below are a few
examples of potential applications in Metaverse:

Enhanced Learning: New ways of education and teaching that provide a
more comprehensive learning experience are possible. Metaverse is expected
to create a new learning environment for higher education and military
training institutions, addressing the challenges and costs associated with
real-world training areas.

Virtual Events: Virtual events, which have transformed the essence of
business life since the pandemic, can be more integrated and interactive in
Metaverse. Virtual concerts, launch meetings, entertainment environments,
and various other formats may become possible.

Retail Sector: Opportunities may arise for the retail sector to increase
customer interaction with virtual stores and offer new forms of shopping
experiences. Introducing products and services, conducting demos, and
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interacting with users, such as trying on new clothes or test-driving a
product, can be facilitated.

Corporate Interactions: Companies and organizations will seek ways
to not only engage with customers but also enhance interaction and
collaboration with employees in Metaverse.

3.1.4. Digital Humans: Digital humans can be envisioned as 3D versions
that respond to actions and reactions in a virtual world, similar
to the virtual assistants used today. Brands can hire these digital
humans to assist customers in shopping, guide them through a
process, or answer questions as a customer support representative.
To perform such functions, they will need to include Al-supported
understanding capabilities, sustain a conversation, provide
recommendations, engage in social conversations and jokes, and
exhibit some emotional responses like a human. Brands will find
endless ways to use these characters not only to acquire customers,
sell products, and provide support but also to hire employees,
encourage company participation, and increase loyalty (Seker,
2023).

3.2.Artificial Intelligence in Robotics

Robotics is taking over industries worldwide with its versatile
functionalities. Robots, powered by artificial intelligence, excel in performing
successful surgeries, showcasing dance moves, protecting workers in
hazardous environments, and various other activities (Kurtulug, 2023).
With Industry 4.0, countries aim to enhance both efficiency and quality in
production in the coming years using robots, sensors, and the analysis of the
data they generate (Kaygusuz, 2023).

3.3.Ethical Artificial Intelligence

Major companies like Google, Microsoft, Apple, Facebook, and others are
working on ethical artificial intelligence by following an ethical framework
that includes four essential principles: fairness, reliability, transparency, and
explainability. This trend is gaining popularity as it provides stakeholders
with an internal look into their systems. Ethical artificial intelligence raises
various ethical, legal, and social issues related to the social interactions of
Al-based robots, opening up difterent perspectives for ethicists, sociologists,
and legal experts in the futuristic scenarios presented in science fiction
(Dogan, 2023).
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3.4. Explainable Artificial Intelligence (XAI)

As deep learning models become increasingly complex, the need for
“Explainable Artificial Intelligence” (XAI) has emerged to allow humans
to understand and interpret the outputs generated by these models (Terzi,
2021). XAI provides a general explanation of how artificial intelligence
models and machine learning work internally to produce meaningful business
predictions and forecasts for the future. While companies are required to
provide complete transparency with a full explanation, concerns arise in
competitive markets where companies may not want to disclose all their steps
and processes to the public due to patent reasons. Explainable Al provides
explanation maps showing the infrastructure of the system’s decisions. By
examining explanation maps, humans can detect potential mistakes made by
the machine, preventing incorrect actions (Kirat & Aydin, 2023).

3.5. Predictive Analytics

Artificial intelligence-based predictive analytics is achieved through
the use of predictive analytical models and automated tools in Al-based
auditing. Predictive analytics allows businesses to understand customer
trends for better consumer behavior in current scenarios, using personalized
data collected over an extended period to predict potential responses from
target audiences (Ng and Alarcon, 2020).

3.6. Emotional Artificial Intelligence

Emotional artificial intelligence is a popular trend in 2021 as it can
perceive, learn, and interact with multiple human emotions. This technology
is known for taking human-robot communication to a new level. Emotional
Al can understand customer behaviors through verbal and non-verbal signals.
Service robots programmed with emotional Al codes are useful in superficial
acting, as they greet and interact with customers. However, for a service
environment to be complete for customer satisfaction, human elements are
still necessary. The automation of the service process with Al ofters additional
opportunities for performance and productivity improvement (Wirtz et al.,
2018). Emotional Al algorithms can monitor customer preferences in real-
time, offering new ways for marketers to adjust marketing strategies based
on customer preferences in social media content (Verma et al., 2021).

3.7. Conversational Artificial Intelligence

Since 2017, many companies have been using sophisticated chatbots and
virtual assistants to provide information to users and perform various tasks.
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The integration of emerging technologies such as augmented reality; virtual
reality, and artificial intelligence is crucial for creating scalable and realistic
virtual worlds (Irdem and Cobanoglu, 2021). The fundamental technology
behind these digital humans will be speech-based conversational artificial
intelligence. One such Al application is ChatGPT, a conversational Al robot
developed by OpenAl and released in November 2022. This application
is built on large language models, fine-tuned using both supervised and
reinforcement learning techniques (Kiigiiker, 2013; Wikipedia, 2023).

3.8. Artificial Intelligence in Cybersecurity

Artificial intelligence can instantly detect any unusual activity within
existing systems and alert employees as quickly as possible. It also makes
it more challenging for hackers and fraudsters to infiltrate the system. Al
enriches cybersecurity with intelligent code analysis and configuration
analysis. Cybersecurity solutions integrated with Al provide more effective,
high-performance protection (Kuzlu et al., 2021).

3.9. Artificial Intelligence in Computer Vision

The integration of artificial intelligence into computer vision has
transformed existing computer systems into intelligent computers. This
approach (AI) can perform various operations such as analyzing human
posture and movement, collecting data on people and vehicles for security
forces, analyzing videos, and using facial recognition as needed. Computer
vision, capable of performing processes like regression, classification, and
segmentation, is also used in the diagnosis and treatment processes of
diseases (Janiesch et al., 2021; Emmert-Streib et al., 2020).

3.10. Artificial Intelligence in IT

Artificial intelligence in IT is used in various areas, including safeguarding
confidential data against possible threats and data breaches, overcoming
software errors and assisting developers, undertaking tedious and repetitive
tasks, predicting and identifying complex problems, delivering more benefits
without human intervention, and ensuring top-level security in the quality

of products and services (Tugay & Tugay, 2019).

3.11.Artificial Intelligence in IoT

The application of artificial intelligence to IoT allows smart devices
to analyze data and make effective, intelligent decisions without human
intervention. It is also used to enhance performance and optimize systems
to meet the desires and needs of the target audience (Sinopoglu et al., 2021).
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4. THE FUTURE OF ARTIFICIAL INTELLIGENCE

There are numerous scenarios and predictions about the future of artificial
intelligence (Karamustafa & Arsan, 2022; Tastan & Tagtan, 2021; Oztemel,
E., 2020):

Artificial intelligence will become more widespread in various aspects
of our lives, facilitating human tasks. Through automation and robotic
systems, production processes will become more efficient, medical
diagnostics and treatments will be more accurate and effective,
autonomous driving will enhance safety, and overall human quality
of life will improve.

Artificial intelligence may lead to job losses for humans. Automation
and robotic systems may render some jobs obsolete, leading to
increased unemployment in certain sectors. Already, 31% of small
businesses have started using Al tools, with 82% of them claiming
that these tools have increased profits and reduced expenses. A
McKinsey study predicts that AI will replace at least 30% of human
labor by 2030.

Artificial intelligence has the potential to violate individuals’ privacy
rights and pose security risks. Al systems can collect and analyze
people’s data, and if these data fall into the wrong hands, security
risks may emerge.

Artificial intelligence could take control of human lives and pose risks.
Uncontrolled development of Al technology might lead to errors
that could jeopardize human lives or be maliciously exploited by
individuals with ill intent.

Artificial intelligence has the capacity to alter human social relationships
and influence societal structures. For instance, Al systems on social
media platforms can analyze people’s behaviors to deliver personalized
content for advertising and political campaigns, thereby influencing
individuals’ thoughts and behaviors.
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Chapter 6

Type-2 Fuzzy Logic Applications in Solar Energy
Technologies: A Comprehensive Overview

Barig Sandal®

Abstract

This book chapter gives an overview of Type 2 Fuzzy Logic (T2FL) and its
application in solar energy research. Through a comprehensive investigation,
both the applications and limitations of T2FL in the context of solar energy
systems are illuminated. It examines the role of T2FL methods in managing
uncertainty and draws insights from contemporary academic literature. This
book chapter contributes to a differentiated understanding of T2FL methods
and their impact in the field of solar technologies. The chapter examines
how T2FL helps improve the efficiency of solar energy forecasting models,
overcome power control challenges, and improves solar system performance.
Furthermore, the integration of T2FL with MCDM (Multi-Criteria Decision-
Making) methods for evaluating renewable energy alternatives is discussed.
By providing practical insights and addressing potential challenges, this
chapter seeks to advance knowledge in these interrelated areas. The content
presented here aims to provide valuable perspectives for both academic and
professional audiences and to position the T2FL principles in the dynamic
landscape of solar energy. In summary, the holistic view presented here
enriches the discourse on T2FL methods and highlights their importance in
the specific area of solar energy research.

1. Introduction

Traditional methodologies, designed around precise boundaries, often
struggle to grapple with the multifaceted challenges of data generated by
humans, inherently laden with imprecision and vagueness. These classical
approaches fall short when confronted with the intricate nature of human
cognitive processes. The term ‘approximate’ is commonly used in everyday
discourse to pragmatically represent numerical values that are uncertain
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or undefined, especially for quantities not based on precise measurements
or well-defined parameters. However, the expressed, understood, and
actual values may vary due to differences in both the formulation of the
magnitude indicated by this ‘approximate’ expression by the speaker and
the interpretation by the recipient. In situations characterized by inherent
uncertainties, such as measurement inaccuracies or linguistic ambiguities, the
indicated magnitude inherently incorporates an element of unpredictability.

Fuzzy Logic (FL) is a powerful tool that effectively addresses the
complexities and uncertainties found in the real world. FL possesses the
unique capability to navigate the subtleties and complexities inherent in
various real-world scenarios. FL excels at faithfully replicating human
reasoning, embracing the inherent ambiguities of human thought processes.
This robust methodology mirrors the intricate nature of human reasoning
and thrives in scenarios characterized by imprecision and vagueness,
making it a versatile tool with diverse applications. FL has emerged as a
prominent paradigm in the realm of scientific research, finding applications
across a diverse array of academic disciplines. It has positioned itself as a
sophisticated algorithm with relevance to intelligent systems, garnering
extensive attention and recognition in academic investigations. This is
notably apparent in its utilization across various engineering domains [1],
[2], medical sectors [3]-[5], and decision support systems, underscoring
its versatility and efficacy as a paradigm. FL, closely related to fuzzy set
theory, transcends the understanding of complex systems. The evolution and
implementation of fuzzy set theory have significantly broadened our capacity
to model intricate real-world phenomena, offering invaluable insights into
the realms of decision-making and artificial intelligence. It plays a crucial
role in shaping the advancement of artificial intelligence by empowering
machines to address tasks demanding problem-solving capabilities akin
to those of humans, navigating the challenges posed by uncertainty. FSs
excel in handling ambiguity in calculations and the modeling and control of
complex systems, proving to be invaluable in both academic research and
practical applications.

In order to improve the interpretive clarity and usefulness of naturally
ambiguous concepts and to represent their heuristic meaning in a way that
takes into account a variety of viewpoints, this expressed magnitude can
be represented as a fuzzy set (ES). This approach leads to the creation of
fuzzy numbers (FNs) in accordance with the mathematics of fuzzy logic,
building upon the definition of FSs [6], [7]. To address the limitations
of conventional set theory, Zadeh introduced fuzzy set theory in 1965.
Further expounded upon by Zadeh in 1996, this theoretical framework has
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significantly revolutionized our ability to address uncertainty and vagueness
across diverse fields of study:.

As we navigate the escalating complexities of uncertainty, academic focus
organically shifts towards Type-2 Fuzzy Sets (T2ES), drawing inspiration
from the seminal contributions of Mendel and Wu in 2002 [8]. The influential
work of Mendel and Wu identified four main sources of uncertainty within
FL: the use of technical terminology in rule antecedents and consequences,
introducing inherent uncertainty; consequents depicting a spectrum
of potential outcomes, often illustrated as histograms; measurements
susceptible to the influence of noise; and the presence of noisy characteristics
in tuning data, further complicating the landscape.

Type 1 fuzzy sets (T1FSs), a widely used subtype of FL, successtully
navigate areas of uncertainty and imprecision compared to traditional
approaches. TIMFs constructed according to the TIES structure are
favored for their practicality, offering a straightforward conceptual grasp and
computational efficiency, making them the preferred choice for converting
input variables into their fuzzy counterparts. Among the MF forms that are
available, Gaussian, trapezoidal and triangular configurations are prevalent in
practical applications. In the realm of scientific inquiry, T1ESs operate under
the assumption of a definitive certainty regarding the MF shape designed by
the researcher to suit a specific problem. Nevertheless, a notable challenge
arises as TIMFs fall short in accommodating the uncertainty emerging
from their inability to comprehensively articulate the MFs shape in practical
contexts. This challenge prompts a deeper consideration for employing
advanced methodologies, such as T2ES, renowned for its capability to
address the inherent uncertainty in MF shapes. As we navigate the growing
intricacies of uncertainty, scholarly attention naturally shifts towards
T2ESs, inspired by the seminal contributions of Mendel and Wu in 2002
[8]. T2ESs excel in modeling uncertainty within the MF by representing
its boundaries with fuzziness. The fuzzy representation of the boundaries
of Type 2 membership functions (T2MFs) provides the opportunity to
model uncertainties. Essentially, T2MFs are therefore inherently blurry.
Furthermore, adding a third dimension to T2MFs increases the ability
to model uncertainty levels. T2FSs emerge as the preferred choice for
managing multifaceted uncertainties, as emphasized by Mendel and Wu in
2002 [8]. However, comprehending and applying T2ESs poses challenges,
as we will explore. Unfortunately, T2FS are more complicated to use and
understand compared to their Type 1 counterparts, which may contribute to
their limited distribution.
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The upcoming chapters aim to illuminate the complexities of FL,
meticulously examining the strengths and limitations inherent in both
methodologies, with a specific focus on their relevance to solar energy. Our
goal is that, upon completion of this chapter, professionals and scholars
immersed in solar energy research will possess the essential knowledge
to make insightful decisions regarding the practical application of FL in
the context of solar technologies. The enduring scholarly and industrial
fascination with FSs continues to drive extensive research efforts across
diverse domains, particularly within the ever-evolving landscape of solar

energy.

This chapter’s main goal is to offer insights regarding Type-2 Fuzzy
Logic’s (T2FLs) contemporary applications in the field of solar energy, with
a specific focus on Type-2 Fuzzy Numbers (T2FNs) and Type-2 Fuzzy Logic
Systems (T2FLSs). Fuzzy logic finds two significant applications in fuzzy
numbers and fuzzy systems. The initial stage of the book chapter imparts
knowledge about T2FL theory. At this juncture, information about T2FNs
and their arithmetic operations will be presented through an examination
of General Interval Type-2 Triangular Fuzzy Numbers (GIT2TENs), a
type of T2FN, for enhanced comprehensibility. Subsequently, to facilitate
understanding, T2FLSs will be explained comparatively with Type-1 Fuzzy
Logic Systems (T1FLSs).

This book chapter is divided into multiple sections, each focusing
on a different facet of T2FNs and T2FLSs in their modern solar energy
applications. In the introductory section, the focus is on the theory of
T2FL, highlighting its capabilities in dealing with uncertainty scenarios
and emphasizing the distinctions from T1FL. The subsequent chapter,
titled “Brief Introduction of the Type-2 Fuzzy Set Calculations,” thoroughly
examines the fundamental concepts of T2FL, making sure that its
mathematical concepts and principles are fully understood.. This section
consists of two sub-sections, namely “Interval Type-2 Fuzzy Logic Systems”
and “Interval Type-2 Fuzzy Numbers.” In these subsections, concepts such as
Interval Type-2 Fuzzy Numbers (IT2FNs) and Interval Type-2 Fuzzy Logic
Systems (IT2FLS) are explored in-depth, providing a clear explanation of
basic concepts and processes and laying the groundwork for the topics to be
addressed in the subsequent chapters. The following sections, “Applications
of T2FLSs in solar energy” and “Applications of T2FNs in solar energy,”
sequentially delve into the roles of T2FN and T2FLS in the complexities
and uncertainties in solar energy research, highlighting novel applications in
the literature. These chapters offer a comprehensive understanding of how
T2FL is applied in the field of solar energy, providing readers with insights
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into the latest developments. Additionally, they focus on a broad range
of application areas, extending from decision-making processes involving
IT2FNs to the application of T2FLSs in solar energy prediction models.

2. Brief Introduction of the Type-2 Fuzzy Set Calculations

The Boolean system uses a value system where 1 represents absolute truth
and 0 represents absolute falsehood, as exemplified by the MF expressions
below. These expressions illustrate the binary nature of the Boolean system,
capturing the essence of truth and falsehood within the defined context.

nalx) =1if x€A (1)
Halx) =0if x €A 2)

Fuzzy set theory allows the representation of truthfulness or falsity degrees
through membership degrees. This metric determines the degree to which
element X’ is a member of a fuzzy set, represented by the letter A". There is
a wide range of truthfulness values in FL, from complete falsity to complete
truthfulness. Membership values represent partial degrees of truthfulness and
falsity and fall between 0 and 1. These degrees, which simplify as a judgment
call on an element’s degree of association with the set, are computed using a
ME A membership value of 0 indicates total non-membership and absolute
falsity. On the other hand, a membership value of 1 denotes complete
honesty and represents all members of the set. This nuanced approach to
truth values, facilitated by fuzzy set theory, is instrumental for addressing
uncertainty and vagueness in diverse applications, providing a sophisticated
framework for decision-making and problem-solving.

As a result, Lotfi A. Zadeh introduced the concept of type-n fuzzy sets,
encompassing T1ESs and T2ESs [9]. These sets form the basis of fuzzy
theory, enabling the computation of membership degrees. Particularly, when
dealing with a T1ES denoted as A’ equation (3) is employed to ascertain
membership characteristics. The membership function is denoted as p 4 (x)
, where x" € X, expressed as equation (4).

A={(x,ps(x) I x€EX ]} (3)
nyl(x) = [0,1] (4)

In simple terms, converting crisp input variables into fuzzy variables is the
method’s basic operation. In order to express the degree of membership of
the variable “x” to the FS, the MF acts as a defining factor by allocating a real
numerical value in the range [0-1]. Numerous MFs have been developed to
accommodate different types of ESs, with TIMFs occupying a predominant
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position in terms of recognition and general use. In contrast, T2FES are three-
dimensional structures and are based on principle of Zadeh’s extension for
tfundamental operations like intersection, complement and union. Thus, in
comparison to T1FS, comprehending T2ES typically involves more intricate
and lengthy computations. Their wider adoption in a variety of applications
has been hampered by their increased complexity.

We use linear functions to determine the boundaries of TIMFs, as shown
in Figure 1-a, while the boundaries of T2MFs are determined as the interval
between the upper and lower membership functions (UMF and LMF), as
shown in Figure 1-b. The upper membership function (UMF) is represented
by an overline, while the lower membership function (LMF) is indicated by
an underline. The “Footprint of Uncertainty” (FOU), as depicted in Figure
1-b, is the area that exists between these fuzzy borders. The UMF and the
LMEF are both essentially two T1MFs that define the outer limits of the
FOU within a T2ME The highest degree of membership in the FOU subset
is characterized by the UME whereas the lowest degree of membership in
the subset is characterized by the LME

(@) (@)

Figurve 1: Illustvations of Membership Functions for Tipe-1 Triangular (a) and Tpe-2
Gaussian (b) [10]

Mendel (2014) identified four mathematical representations for a T2FS:
a) A group of individual points, as shown by Equation (5). b) As shown by
Equation (6), a union of vertical slices over the whole domain X, where each
vertical slice is a T1ES (a secondary MF). ¢) A union of wavy slices, each
of which stands for a T2FS embedded in it. d) A fuzzy union of horizontal
slices over [0, 1], where each horizontal slice resembles an I'T2FES elevated to
a [11]. In this book chapter, the symbol A was used to denote T2FS, which
can be formulated as follows.
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A= {((x,u],yg(x,u]ﬂ‘:fx EXVuej] < [0,1]}; 0<pz(xu) <1 (5)

] = palxa) c
4 "er-"-' "rﬂE.Fx () * I < [01] (6)
In this particular context, the primary variable of a T2ES is denoted by x,
while the secondary variable is represented by u. Additionally, J designates
the secondary ME For a specific value of of x = x', p4(x', 1) signifies the
vertical cross-section of pz(x, 1), and the formal expression of the T2MF
of 4 is presented in equation (7). Here, x € X, u € J.* € [0.1], and
0 < pg(x,u) < 1, as described by Mendel and John [12]. Additionally,
£ () signifies the magnitude of the secondary ME where § o (u) € [0,1]
DN e £y )
pyle=x",u) = py(x) = [ =~ =*—

UEJ .t u

] Jr.xr = [D’l] <7)

When pap(x,u) = 1,

A is recognized as an IT2ME The third dimension in general T2FSs is
often considered redundant, providing no additional information, and is thus
treated as a special case. Specifically, an IT2FS is viewed as a distinct subtype
within the broader category of T2FSs. Due to its user-friendly nature and
minimal computational demands, IT2FESs find frequent application. In these
sentences the third dimension is considered uninformative and is taken to
stay unchanged. As a result, only the FOU is utilized to characterize IT2ESs,
and the third dimension is dismissed. The ME influenced by the distinctive
traits of T2FS boundaries, can adopt values within the [0-1] range along a
vertical continuum between the upper-bound ziz(x") and the lower-bound
#a(x") deviating from the crisp numbers utilized in the context of T1ESs.
T2FS and IT2MF are expressed in equation 8 and equation 9, respectively.

A= 'r.xE.ﬁ.' -rqux (.:u}’ J. < [04] ©
palx = x"u) = pa(x") = 'rﬂEfxf i’ I €[01] 9)

The values representing the highest membership degree of the FOU for
the UMF and the portion with the lowest membership degree for the LMF
can be expressed by equations (10) and (11), respectively. Utilizing equation
(12) for an arbitrary T2MF interval @, membership degrees for its lower
and upper bounds can be calculated.

i (x) =FOU(d), VxeX (10)
ua(x) =FOU(4), VxeX (11)



96 | Bpe-2 Fuzzy Logic Applications in Solar Energy Technologies: A Comprehensive Overview

F@}{{xk} = f i

I

q E[pqg (x;{},ﬁﬂg () lfq (12)

YR K

The MFs in Interval Type-2 Fuzzy Sets (IT2FSs) can be of various
shapes, such as triangular, trapezoidal, Gaussian and sigmoid types similar to
those used in T1ESs. If we symbolize the Gaussian Membership Function as
(), an analogous equation can be articulated, following the framework
presented by Liang and Mendel [13]. In the case of a Gaussian MF with a
fixed mean 7}, and a variable standard deviation falling within the interval [
&l,> Gz > the MF is denoted by Equation (14).

Hot ()= 1/v!

G K FEE[EX& G gy I:x;_.}] (13)
1 [, -ml |

pL(xﬂﬂfﬂ‘?(%ﬁ“)l* % € [on1 002 (14)

2.1. Interval Type-2 Fuzzy Logic Systems

The typical configuration of a T2FLS is illustrated in Figure 2. The
structure of a TIFLS encompasses fuzzification, a fuzzy rule base, a fuzzy
inference engine and defuzzification processes. Comparatively, the structure
of a T2FLS closely resembles that of T1FLSs, with the notable distinction
that the type reducer, facilitating the conversion from T2FSs to T1ESs,
precedes the defuzzifier. Additionally, the architecture of a T2FLS aligns
with the type-1 form, differing primarily in having at least one fuzzy set
in the rule base designated as type-2. Conversely, the output of a T2FLS
inference engine consists of T2FS, necessitating the use of a type reducer
to transform them into T2ESs before feeding them into the defuzzification
process [14].

The overall framework of a T2FLS is presented in Figure 2. The structure
of a T1FLS includes key components such as fuzzification, a fuzzy rule base,
a fuzzy inference engine, and defuzzification. Notably, the architecture of
an IT2FLS closely resembles that of TIFLSs, with a distinctive variation:
In T2FLS using T2FSs instead of T1ESs, the presence of a type reducer
positioned before the defuzzifier to reduce T2ESs to T1ESs facilitates the
transformation from T2FESs to T1FESs. Furthermore, the T2FLS structure
aligns with the type-1 form, differing primarily in the inclusion of at least
one fuzzy set in the rule base designated as type-2. Conversely, the output
of a T2FLS inference engine comprises T2FSs, necessitating a type reducer
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to convert them into T1FSs before feeding them into the defuzzification
process [15].

Crisp Qutput
Defuzzifier me .
Rule Base I
‘TIFS Type Reduced
Type Reducer Set
Crisp input ] IT2FS Inference [T2FS [
_ Fuzzifier - Engine

Figure 2: General avchitecture of the IT2ZELS [10]

The operational principle of an IT2FLS can be elucidated as follows: the
crisp inputs undergo mapping by the fuzzifier, resulting in input I'T2FL sets.
The tuzzifier of an IT2FLS may be of singleton or non-singleton type. In
the case of a singleton fuzzifier; denoted as (i=1, ..., p), the input fuzzy set
A x POssesses only one point of nonzero membership, expressed as follows

1, x.=x; (15)

A, (=]

The rule base of T2FLS is akin to that of T1FL, but in T2FLS, ESs
are shaped by expert knowledge and articulated through their antecedents
and consequents. The antecedents and/or the consequents are expressed by
IT2ESs, yet the rules maintain a similarity to TIFLS. Mamdani rules, which
result in I'T2FESs, and Takagi and Sugeno (TSK) rules, which result in net
functions of inputs, are the two different types of rules for IT2FLSs. [16].
IT2ESs do not impact the rule base; the rule structure of IT2FLSs aligns with
that of T1FLSs. The Mamdani rule base is generally widely used because it
integrates expert knowledge easily, simply, and adaptably. The form for the
I'th rule of an IT2FLS that has M rules, p inputs x, € Xy, ... ,x, € X, and
one output ¥ € ¥ is presented as shown in Equation (16).

R"=IFx, isF} and..and x, is F. THEN y is G' (16)

The fuzzy inference engine, a crucial component in FL reasoning, is
employed to generate fuzzy outputs based on the fuzzified inputs. This
phase involves the inference engine determining, for each IF-THEN rule,
the outputs that correspond to the fuzzified inputs that were computed in
the previous fuzzifier stage. The fired rules are consolidated by the inference
engine, followed by a mapping process from input T2FSs to output T2FSs. It
produces the IT2FS consequents from the IT2ES antecedents by combining
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all the fired rules. The meet and join operations are employed to connect
multiple antecedents in each rule and integrate all the rules. As can be seen
below, the result of the % th input and the matching antecedent operations in
the / th rule is an interval [17].

Fﬂi{xi{] = Eﬁi(xk]r.ﬁﬁi{xk]] (17)

To employ a T2FLS in practical applications, obtaining the precise output
in crisp form becomes imperative. To achieve this, it is necessary to obtain
the type-reduced set, which is an interval that represents a T2ES’s center of
gravity. The type reducer processes the T2FES outputs from the inference
engine, executing a calculation that results in T1FSs known as the type-
reduced sets. Subsequently, the type-reduced sets undergo processing by the
defuzzitier to yield crisp outputs that must be directed to the actuators. The
Karnik-Mendel (KM) algorithm, which is based on iterative operations and
functions as an extension of a type-1 defuzzification procedure, is the most
commonly used approach for this purpose [18].

To transform the interval set that is acquired after the type reduction
operation into a precise number, defuzzification is then required. Equation
(18) illustrates how to perform this process, which involves merely calculating
the average of the range’s left and right endpoints [12].

et
Your :J’r:_l'"t (18)

2.2. Interval Type-2 Fuzzy Numbers

Interval Type-2 Fuzzy Numbers (IT2FNs), with their two-dimensional
membership function structure, enable a more comprehensive handling
of uncertainties and complexities in the model, significantly reducing
complexity in problem-solving. Evaluated as two-dimensional due to the
absence of information in its third dimension, IT2FNs have facilitated and
simplified mathematical operations. The computational efficiency of IT2FNs
has positioned them at the forefront of scientific inquiry, particularly when
contrasted with the computational intricacies associated with T2FNss.

In the context of IT2FSs, denoted as A and bounded by LMF and UMF
represented as A = (A/, A", specific categorizations have been established. An
IT2ES achieves the classification of a Perfect Interval Type-2 Fuzzy Number
(PIT2EN) if both its UMF and LMF are Type-1 Fuzzy Numbers (T1EFNS).
Alternatively, if the UMF is a TIEN while the LMF is a Fuzzy Sub Number
(FSN), the IT2ES is referred to as IT2EN. When both UMF and LMF are
FSNs, the IT2FES is called an Interval Type-2 Fuzzy Sub Number (IT2ESN).
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General Interval Type-2 Trapezoidal Fuzzy Numbers (GIT2TrFNs) play
a fundamental role in arithmetic operations and the ranking of IT2FNs,
which are characterized by rectilinear boundaries, as shown in Figure 3. In
this framework, GIT2TFNs appear as a separate case within the GIT2TrEN
category.

For arithmetic operations and ranking among IT2FNs with linear
boundary profiles, GIT2TrFNs can be used as an exemplary model as
shown in Figure 3.. It is noteworthy that from the information provided
for GIT2TrFN, analogous procedures for GIT2TFNs can be easily derived.

ji(z)
1 UM F(A)
hu
B!

0

Figuve 3: UME, LMF and FOU vepresentation for a GIT2TrEN with heights of b and
b [19]

pa(z)
1 1

il
h{

A

m i T | Il
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Figure 4: A* and A’ functions of o« GIT2TvEN and rvepresentation of their heights [19]
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The GIT2TrEN depicted in Figure 4 can be mathematically expressed as in
A=(A4v) = ((ai,af,_,aia, af,,hi,h;),(ai‘,ag,ag,a:,hf,hg}) and can be
characterized foritsMFs,denotedas A’and A®,asfollows. When b, = hi = h' ,

h¥ = h¥ = h*, and h} = h} = h} = h% = 1 conditions are present, these

numbers are respectively referred to as Interval Type-2 Flat Trapezoidal
Fuzzy Number (IT2FIYEN) and Perfect Interval Type-2 Trapezoidal Fuzzy
Number (PIT2TrEN).

l
x—a,

kgt (x) =h-il;z—r ay < x <aj
L _p1) xak I I I
W () = 4|.1,At3'|::::] (R hl) +hl a, < x < a; (19)
A
MAi{x]—h;—g—g—ﬂ" = ay < x < a
L i (x) =0 x<aj,x =al
and
EETOR =" af <x < al
w(x) = (hE—h¥) =% 4 p¥ g% <x < a¥
e (%) = 4%‘13( ) = (h3 ljﬂ:_ﬂ: 1 2 3 (20)
ma () = b3 5 aj <x < aj
5 pau(x) =0 x<aj x=a}

For the case where

A=(a,4*) = ((ab ab ab, al, hly, sy ), (a3, af, o, af, iy hsy))

B = (51,5%) = (b} bbb b g ), (55,5, b5 . i )
and k is crisp, certain arithmetic and ranking operations for GIT2TrFNs
are defined as follows [20]-[22]:

Addition Operation:

ABBE=(4® B, A*® BY)
= (:(:r..!l + bi, afz - bg, ag + b;, af, + bf,, min{h.!m, h.ilB}, min{hfm, h;B}), (21)
(a + b}, af + b}, ay + b3, ai + b}, min{h},, hig}, min{h},, hiz})

Subtraction Operation:
ABB=(4'"5S BLA* S BY)

= (:ﬂ',.il —bl,al — bl,al —bl,al — b}, min[h?m, h.ilB}, min{hfm, hEZB}), (22)
(a¥ — b, a¥ — b¥, a2 — b, a¥ — b, min{hty, iy} min{ht,, ki)
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Multiplication Operation:

A®B =((chchchch g, hhe), (b et e, h))  (23)
where

c! = min{a) X b}, a} x b}, al x bl,a4 X bl}

cs = min{a} x bl,al X b}, a} x bl,al x b3}
cy = max{al X bl,a} x bi,a} X bl,al x bi}
ci = max{al X b}, al X b}, al x b}, al x bi}
hic = min{hi,, hig}

hye = min{hb,, hig}

c} = min{ay X b}, a¥ X by, ai X b}, ai X b}}
cy = min{a¥ X b¥,a¥ X by, ay X by,ai X bi'}
cy = max{ay X by, a¥ X by, ayf x b}, ay x b}}
cy = max{a} X b}, a¥} X b}, af % b}, a¥ x b}}
e = min{hty, i)

hye = min{hy,, hig}

Scalar Multiplication Operation:

ifkz0 kd= (k4 k4¥) = ((rm{, kabh. kab, kal, khl,, khi,), (ka¥, ka¥ k¥, kal, kR, khE_ﬁ}j (25)

ifk<0 kA=(kA k4A¥) = ((ka,&, kak, kab, kal, khl, khby ) (ka¥ kel ka¥, ka¥, khi,, khgq)) (26)

Ranking of IT2FNs: The IT2FS ranking is indispensable due to
its widespread use in decision-making processes and its critical role in
facilitating a deeper study of fuzzy systems. The importance of the IT2FN
ranking cannot be overlooked as it plays an important role in decision-
making processes and allows for a further investigation of fuzzy systems.
Although the field of ranking methods on IT2ES is noticeably narrow and
requires new approaches, similarity and uncertainty measures have drawn
broad methodology. While there exists extensive methodology and research
interest in similarity and uncertainty measures for IT2FESs, the field of

ranking methods is constrained, requiring fresh perspectives and innovative
solutions [20], [22]-[25].

The ranking method proposed by Lee and Chen for IT2TrESs
for the interval type-2 trapezoidal fuzzy set expressed as

4; = (“1:: “1:‘) = ((aglf ajz Qs Ay, &'im[-r hf'm[-)! (a?ir Qizr Aygs Oig Hp h;ﬁf))
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is presented below [22]. In the equations, the ranking value is denoted as
Rank(4).
Rank(4) = M, (A7) + M, (AF) + My (A]) + Mz (AY) + My (A7) + Mo (AF)
- %(51(55) +5,(A) + 5,(A) + 5,(4) + 55 (A1) + 5, (A2) + 5.(A) +5.(49))  (27)
B, () + H(32) + Hy (&) + 1y (4)
i I'.'I!"!: + ::J.:
— _Ip Ip+1
Mr-: (‘qi ) - 2
denotes the average of the elements rlfp and ai(p+1} forl=p<= 3,

sy [leati [ § 1egtl }-)f
Sq(ﬂi)—\]:zkzq(aik :Ekzqa.k denotes the standart

deviation for 1 = @ = 3,

H, (J.r_"l'i ) denotes the membership value of the element a’:—(pﬂ} in the
trapezoidal MF 47 for 1 < p < 2,j €{U,L}and 1 <i <n

3. Applications of T2FLSs in solar energy

In recent years, the utilization of T2FLSs has gained prominence in the
realm of solar energy research, offering a robust framework for addressing
uncertainties and complexities inherent in various aspects of solar energy
studies. This text explores the diverse scientific domains where T2FLSs
have found application within solar energy investigations, providing a
comprehensive overview of their contributions.

The integration of solar energy with other Renewable Energy Sources
(RESs), such as wind or biomass, has been facilitated through the application
of type-2 tuzzy control systems (T2FLCs). This integration aims to create
more reliable and efficient hybrid energy solutions. The use of electric
vehicles is rapidly expanding in contemporary times, with users frequently
charging their electric vehicles at home. Beheshtikhoo et al. have designed a
T2FLC for the energy management system of a smart home equipped with
an electric vehicle charging station and a RES. Their proposed algorithm
effectively controls a small hybrid renewable energy system, combining
photovoltaic (PV), vertical axis wind turbines, fuel cells, electric vehicles
and energy storage systems, in a climate-independent manner. In their study,
they observed that the controller could significantly reduce daily electricity
consumption from the grid, electricity costs and the peak-to-average ratio

of the system [26].
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To address the challenges posed by continuous and severe output power
variations in the integration of solar energy power systems with each other or
with traditional and other renewable power sources, controllers are employed
to manage load frequency control problems. Soliman et al. have proposed a
T2FLC, not only to mitigate the impact of solar irradiance changes on the
power system but also to regulate the output of the solar park on cloudy
days, instead of relying on maximum power point trackers. In order to
improve the suggested controller’s dynamic performance, a meta-heuristic,
nature-inspired optimization algorithm such as the Whale Optimization
Algorithm (WOA) has been suggested for offline tuning of controller gains
[27]. To reduce the total harmonic content in grid-tied solar energy systems
using boost converters for integrated solar multi-level inverters, Gopinath
et al. have proposed a solar-powered cascaded topology with Interval Type-
2 Fuzzy Logic Controller (IT2FLC). This topology aims to predict the
switching frequency for multi-level inverters, enhancing performance in
minimizing total harmonic distortion and ensuring a stable output power
[28]. In the solar PV integrated power system, another challenge related
to power control is the reduction of Low-Frequency Oscillations (LFOs),
which impact the stability of the power system. Paital et al. have proposed
a robust Power System Stabilizer (PSS) based on Interval Type-2 Fuzzy
Proportional Integral Derivative (IT2FPID), considering uncertainties,
aiming to address and optimize the solution to this problem in their study

[29].

T2FLS have proven valuable in improving solar energy prediction models.
By accommodating uncertainties related to factors like sunlight intensity and
weather conditions, these systems enhance the accuracy of energy production
forecasts. The random nature of RESs often leads to an inability to provide
continuous energy, prompting their frequent combination with energy
storage systems or other energy sources. To overcome this weakness in RESs,
predictions can be made using meteorological data, specifically reducing
uncertainties in the sizing of energy projects. Jafarzadeh et al. utilized fuzzy
logic to model the predicted temperature and irradiance data, employing
type-1 and Interval Type-2 Takagi-Sugeno-Kang (TSK) fuzzy systems for
modeling and forecasting solar power plants. The significant advantage of
using IT2FL models is that, in addition to predicting the power generation
value, it provides an uncertainty range. Information related to uncertainty
in the prediction enables operators to develop effective bidding strategies in
the electricity market [30].

Researchers utilize type-2 fuzzy systems to address optimization
challenges in the design and operation of solar energy systems. These systems
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provide solutions for complex problems involving multiple objectives and
constraints. Hydrogen energy, a green energy type, becomes even more
crucial for sustainable development when produced by using a RES as solar
energy. Benghanem et al. investigated the power loss and efficiency of a
PV-electrolyzer system comprising a PV source and electrolyzer stack in
both direct and indirect-coupled scenarios. To enhance energy transfer, they
proposed a type-2 fuzzy logic controller to regulate the operating point of
the PV array by adjusting the duty cycle of the control signal of a buck
converter placed between the PV array and the electrolyzer stack. In the
study, the indirectly-coupled hydrogen system achieved a higher energy
transfer rate by ensuring the continuous extraction of the maximum power
from the PV source [31].

Researchers have integrated T2FLS into studies aimed at enhancing the
efficiency of solar energy systems. By modeling the interactions of various
parameters and variables, these systems assist in optimizing the performance
of solar installations. In the field of energy production using PVs, various
Maximum Power Point (MPP) tracking methods have been developed to
achieve maximum energy output. Key environmental conditions such as solar
radiation and temperature are critical to achieving maximum energy and
these conditions are often uncertain and irregular. The traditional method
cannot track the Maximum Power Point (MPP) when solar irradiance and/or
panel temperature changes rapidly because rapid changes in PV current and
PV voltage cannot be distinguished under real environmental conditions.
In Kayisli’s study, a super twist slide mode controller was developed for
maximum power point tracking. It has been adapted to a Type 2 fuzzy cluster
system to mitigate chatter problems, and the parameters of both the super
twisting sliding mode and the Type 2 fuzzy cluster have been optimized for
improved performance [32]. The traditional incremental conductivity (AIC)
method cannot efficiently track the maximum power point (MPP) because
it is unable to distinguish rapid changes in photovoltaic (PV) current and
voltage under actual environmental conditions. Gani et al. found that their
approach, based on the combination of AIC and T2FL, provides a significant
advantage in terms of maximum power transfer in long-term weather
conditions with frequent cloudburst occurrence over a 40-month test period
[33]. Pandey etal. have designed an Asymmetric Interval Type-2 Fuzzy Logic
controller-based MPPT to cope with sudden irradiance changes commonly
encountered in PV applications, which adversely affect the operation of
the Maximum Power Point Tracking (MPPT) system. They compared the
results with P&O (Perturb and Observe), PID and T1FLC [34]. Verma et
al. have developed an asymmetric interval Type-2 fuzzy logic controller for
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the MPPT algorithm to perform best performance, when photovoltaic (PV)
array is partially irradiated under uniform solar irradiance. They compared
their developed algorithm with other approaches, such as perturb & observe
(P&O) and T1FLC, to assess for GMPP tracking, fill factor, shading losses,
mismatch loss and efficiency [35].

4. Applications of T2FNs in solar energy

Type-2 fuzzy systems contribute to decision-making processes in solar
energy projects by considering uncertainties and multiple criteria. This
facilitates the formulation of effective and informed strategies in the planning
and execution of solar initiatives. The FL approach is often integrated
with many multi-criteria decision-making (MCDM) methods, offering
application-centric approaches to complex decision-making challenges
involving multiple criteria and inherent uncertainties. FL integrated standard
techniques are referred to as fuzzy hybrid techniques. This integration
approach is widely embraced to obtain comprehensive and realistic results
when dealing with complex real-world decision-making problems. This is
attributed to FIs robust utility as a powerful tool for effectively managing
such uncertainties in numerous decision-making processes where the natural
presence of uncertainty and imprecise information is acknowledged [19].

The theoretical foundations of MCDM processes, such as Technique for
Analytical Network Process (ANP), Order Preference by Similarity to Ideal
Solution (TOPSIS), and VlseKriterijjumska Optimizacija I Kompromisno
Resenje (VIKOR), Analytical Hierarchy Process (AHP), along with
the arithmetic operations employed in these processes, are conducive to
the utilization of FNs. Decision-making methods based on T1FNs are
extensively applied in a diverse range of academic studies [15], [36]-[38],
due to both the ease of calculations compared to other fuzzy numbers and
their proficiency in addressing problems characterized by uncertainty [39] .

Methods based on T2FSs in MCDM mostly aim to make decisions
considering the advantages and disadvantages of renewable energy alternatives
(REAs) based on various selection criteria that encompass both quantitative
and qualitative factors [39], [40]. In their study to determine the best
RES for Turkey, Balin & Baragli used the Interval Type-2 Fuzzy TOPSIS
(IT2FTOPSIS) method to compare solar, biomass, geothermal, hydraulic
and hydrogen renewable energy sources. According to the results of the
study, the best alternative for energy investments in Turkey is wind energy,
followed by solar, biomass, geothermal, hydraulic and hydrogen energies,
respectively [41]. In a comparable study, Colak et al. applied an integrated
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MCDM model for prioritizing REAs in Turkey. In their suggested fuzzy
MCDM model, they combine the Interval Type-2 Fuzzy Analytic Hierarchy
Process (IT2AHP) method for determining the weights of decision criteria
with the hesitant fuzzy TOPSIS method for prioritizing REAs. The study
also includes a sensitivity analysis examine the effects of main criteria weights
in ranking. When applied to Turkey, their proposed model ranks the RES as
Hydraulic Energy, Wind Energy, Geothermal Energy, Solar Energy, Biomass
Energy, Wave Energy, and Hydrogen Energy [42]. The specific characteristics
of countries will also influence the comparative results of RESs, another
study to compare RESs is the application of a Gaussian IT2FSs-based
prospect theory method by He et al. The authors introduce a Gaussian
interval type-2 fuzzy distance measure and A Gaussian interval type-2 fuzzy
entropy model in their research. With their developed evaluation approach,
they rank hydraulic, solar, biomass, wind and electrochemical energy types in
Anhui, China. The study compares the results with the rankings of extended
tuzzy TOPSIS-based RES evaluation method [43], interval type-2 fuzzy
prospect theory method and IT2FTOPSIS [44].

The increasing sensitivity towards sustainability has become a factor
influencing the choice of RES and alternative fuels [45]. Hendiani &
Grit Walther propose a new MCDM method based on the concept of
Interval Type-2 Fuzzy Ideal Solution Distance to assess the sustainability
performance of renewable energy systems and determine the existing
degree of sustainability. The notion of distance to the ideal solution is
introduced and generalized with Interval Type-2 fuzzy sets. In the study,
social, economic, and environmental aspects are identified as three separate
indicators of sustainability. The results reveal that factors such as “Filling
station availability” from an economic perspective, “NOx emissions”,
“Need for waste disposal” and “Land requirements” from an environmental
perspective and “Social acceptability” from a social perspective are identified
as low-performing factors contributing significantly to both individual and
overall sustainability performance [46]. In another study on sustainability,
Abdullah & Najib applied an Interval Type-2 Fuzzy Analytic Hierarchy
Process (IT2FAHP) through a seven-step calculation process to select a
sustainable energy source among seven identified alternatives. The results
indicate that solar energy emerges as the most viable alternative among
sustainable energy sources [47].

Decision-making methods can be employed not only for the selection of
RES, but also, as in the study by Li et al., to explore consumers’ expectations
from RESs. Li et al. employed the Interval Type-2 Fuzzy DEMATEL
(IT2FDEMATEL) method to determine the weights of strategies for
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solar energy investments based on the priorities assigned by customers to
8 different TRIZ-based innovative strategies. Through this approach, they
identified the more significant strategies by weighting them. According
to the results, the best TRIZ-based investment strategy for solar energy
projects, for both commercial and non-commercial customers, emerged as
replacing the mechanical system. [48]

Technical decisions can also be made using MDCM methods, such as
the solar panels selection or the decision on a sun-tracking system in a
solar energy facility. Tiysiiz & Kahraman aimed to create a reliable three-
dimensional decision environment by integrating Z-numbers into Picture
Fuzzy Sets (PFS) in the literature to evaluate solar panel alternatives in
Turkey. The AHP method was expanded with picture fuzzy Z-numbers
to weigh evaluation criteria and the TOPSIS method was extended with
picture fuzzy Z-numbers to prioritize the considered alternatives. The
study revealed that Monocrystalline PERC is among the good solar panels,
while Cadmium Telluride thin film is identified as the least favorable[49].
Umer et al. have introduced an expanded TOPSIS method in the context
of Interval Type-2 Trapezoidal Pythagorean Fuzzy Numbers (IT2TrPFN).
They compared widely used tracking systems, including Active Tracking
(AT), Manual Tracking (MT) and Passive Tracking (PT), based on reliability,
response and accuracy criteria [50].

5. Conclusion

In conclusion this book chapter collectively embark on a comprehensive
exploration of T2FL methodologies specifically within the domain of solar
energy research and delves into the intricate landscape of Type-2 Fuzzy Logic
(T2FL) within the realm of solar energy research drawing inspiration from
existing scholarly works. Leveraging insights from contemporary scientific
literature the content presented in this volume contributes to a nuanced
understanding of T2FL methodologies and their implications within the
realm of solar technologies. The elucidation of numerical operations notably
arithmetic intricacies and ranking dynamics within IT2FNs contributes
to the foundational understanding of T2FL methodologies. By situating
T2FL principles within the dynamic context of solar energy these chapters
provide valuable perspectives for both academic and professional audiences.
In summary this book chapter aspire to provide a holistic view of T2FL
methodologies contextualizing their significance within the specific domain
of solar energy research.
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Chapter 7

Value of Human Interference in Supply Chain
Decisions: Comparison of Human Decision-
Makers with Automation'ad

Ummiihan Akbay?

Abstract

With numerous case studies and a great number of experimental research
conducted in the field of behavioral operations management, it is now well-
established that under supply chain scenarios, human decision-makers do not
make the decisions that are predicted by theoretical solutions. The randomness
of the customer demand, strategic interaction with other decision-makers,
cognitive abilities and personality traits of the decision-makers are among the
reasons of this deviation from the optimal.

In this chapter, we compare supply chain contracting decisions made by
human decision-makers with randomized decisions using simple supply chain
scenarios. We analyze under which contract type and contract price human
decision-makers perform better in terms of supply chain efficiency and earn
higher profit than the randomized decisions. This analysis is based on data
from three experiments conducted with human decision-makers. The first
and second experimental studies are based on a single-player setting where
decision-makers are making decisions against the computer. The third study,
on the other hand, is based on a human-human two player setting where
strategic interaction between the decision-makers is also at play. In all settings
we consider a single-supplier-single retailer setting where the retailer is faced

1 This chapter is produced from the analyses conducted in the Conclusion chapter of the author’s
doctoral dissertation, “Behavioral Experiments on Supply Chain Contracting (2016). The
analysis of the first experimental study mentioned in the present chapter is detailed in Chapter
6 of the said dissertation, while the examination of the third experimental study is performed
in Chapter 3 of the same dissertation. The latter experimental study received support from
TUBITAK Grant #111K454. Finally, the second experimental study discussed in this chapter
is not part of the author’s dissertation. However, its inclusion here ensures a comprehensive

analysis.
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with a newsvendor problem of which the parameters are determined by the
supplier.

In the first study, decision-makers undertake the role of a retailer and make
stock quantity decisions under a predetermined wholesale price contract. In
the second and third studies wholesale price contract, buyback and revenue
sharing contracts are considered. The second study consists of retailer and
supplier treatments. The retailer treatments of this study are similar to the
first study except for the additional contract types. In the supplier treatments
the decision-makers take the role of the supplier and determine contract
prices against a computerized retailer who places the newsvendor optimal
order. Finally, in the third study half of the decision makers undertake the
role of the supplier and the other half take the role of the retailer and make
decisions against each other.

For the randomized decisions we simulate 10000 random data points for
cach experimental study. We then compare the performance of the human
decision-makers with the randomized system. Our analyses reveal that,
surprisingly, the random system does not necessarily perform worse than the
humans. On the contrary, when there is high involvement of personal conflicts
and biases, the random system has higher contract efficiency. However, when
the profit margin is small, when there is high inventory risk or when the other
firm is making rational decisions, the random system underperforms. These
findings suggest that when the profit margin is high, when the inventory
risk is reduced via a high buyback price under the buyback contract or a low
wholesale price under the revenue sharing contract supply chain contracting
decisions can be automated.

The comparison reveals that This study; albeit in a highly constrained context,
represents an important step in understanding when human intervention in
supply chain decisions is beneficial, under what conditions automation can
be considered in supply chain decisions, and the values of factors such as
contract type, price, and strategic interaction that affect the performance of
human decision-makers.

1. Introduction

Supply chains consist of various firms, each acting to optimize its own
interests. Even in scenarios where consumer demand is stable or predictable,
coordinating the objectives of the firms within the supply chain is challenging.
This challenge amplifies when the random nature of consumer demand is
introduced. Due to the potential for significant profit losses and inefficiencies
in the absence of supply chain coordination, scientists have developed
numerous analytical models in pursuit of supply chain coordination. For
instance, the buyback and revenue sharing contract schemes can theoretically
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coordinate the supply chain by allocating the inventory risk and the total
profit between the producer and the retailer. (Cachon, 2003).

All these analytical models assume rational profit-maximizing decision-
makers. However, recent case studies, experimental, and empirical studies
have shown that human decision-makers do not always adhere to theoretical
expectations. Systematic deviations between decisions made by individuals
and theoretical expectations have been consistently observed. Even controlled
laboratory experiments indicate a disparity between the performance of
analytical models and human decision-makers, highlighting the insufficiency
of existing theoretical models in predicting human behavior and the gap
between theory and application.

In the face of these consistently suboptimal human decisions in various
operations contexts, also considering the recent advances in computing
technologies and artificial intelligence, automating these business decisions
seems an obvious alternative. However, despite all these technological
advances, the human factor remains and is expected to remain in the making
of business decisions, at least, as a finer tuner. (Liozu, 2016). Mendling et
al. (2017) claim that although artificial intelligence and machine learning
perform well, for them to be economically feasible alternative to humans
making the business decisions, the company revenue must be greater
than a billion dollars. So for the high number of small and medium sized
companies human decision makers seem to be the only viable alternative.
Moreover, even when the company is large enough human, intervention is
not completely forgone. For instance, in the largest airline companies, which
have revenues above Mendling et al. (2017)’s threshold and which clearly
have access to the latest computing technologies, human decision makers
update and finalize the reservation level and pricing decisions suggested by
the software. For instance, United Airlines maintains the “human touch” in
their revenue management decisions. (Knight, 2014).

Hence it is of significant importance to study the performance differences
between human decisions and a completely automated system. Taking a
conservative approach and assuming the worst automated system, this study
examines the value of human intervention in supply chain contracts by
comparing the decisions made by humans and a randomized system. Clearly
a randomized system which just completely disregards the parameters of
the system and randomly chooses a decision from the allowable range is
no comparison to the advanced aforementioned technologies. However,
comparing this system with human decisions gives a conservative baseline
for comparing more advanced automation systems.
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In this chapter, we consider three different laboratory experiments, of
which the first two are single-player experiments where decision-makers
are playing against a computer. In the third study the decision-makers
are playing against each other. We consider wholesale price, buyback, and
revenue sharing contracts.

The rest of the chapter is organized as follows: section 2 presents a brief
review of the relevant literature. Section 3 provides the analytical solution of
the experiment scenarios while section 4 presents the analysis results. Finally,
section 5 concludes the chapter.

2. Literature Review

Behavioral Operations Management is a scientific field aiming to reassess
existing decision-making models by testing whether human decision-
makers adhere to theoretical expectations when confronted with complex
operational problems. If disparities exist between theory and practice, this
tield seeks to identify factors causing these differences and subsequently
recalibrate decision-making models with these factors in mind.

The field gained momentum after Schweitzer and Cachon’s 2000
study. In this paper the authors showed that decision-makers do not place
the newsvendor optimal order decisions and in fact there is a consistent
deviation from the optimal. Under high profit margin, the subjects tend to
order below the optimal and under low profit margin, they order above the
optimal. This too-low-too-high pattern, which the authors named as the
pull-to-center effect has been observed by many other studies. Some of the
carlier studies include Bolton and Katok (2008), Bostian et al. (2008), Lurie
and Swaminathan (2009) and Ho et al. (2010). For a longer list and a meta-
analysis of 24 studies see Zhang and Siemsen (2019).

As for the contract decisions, studies have shown that producers make less
than optimal contract decisions leading to a more equitable share of the total
supply chain profit. (Keser & Paleologo, 2009; Katok & Wu 2009; Akbay,
2016) Additionally, studies with human interaction have established that
retailers’ stock quantity decisions are affected by the fairness of the contracts
offered to them. In other words, the retailers do not just make decisions to
optimize their profit, they make decisions to reciprocate with the producers.
(Loch & Wu, 2008; Wu 2013, Akbay 2016) Furthermore, mathematically
equivalent contracts, such as buyback and revenue sharing contracts, may
lead to different outcomes in practice due to the differences in their framing.
(Katok Wu 2009: Akbay 2016).
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3. Analytical Model and Experimental Procedure

In this section, we will explain the analytical model used in the experiments
through a hypothetical hybrid contract. Subsequently, we will analytically
solve this model and demonstrate theoretical solutions for the contract types
employed in the experiment. Finally, we will explain the procedure followed
in the experimental setup.

3.1 Analytical Model

In all studies considered in this chapter the experiment is built upon a
simple single-producer-single-retailer supply chain model, as depicted in
Figure 1. The product for sale is a perishable item with a single selling season,
losing its value at the season’s end. Before the selling season commences,
the producer decides on the wholesale price (at which to sell the product
to the retailer), the buyback price (at which to repurchase unsold products
from the retailer), and the revenue share (the revenue share to get from the
retailer for each unit sold). These decisions are communicated to the retailer.
The retailer, considering random consumer demand and the contract prices
communicated by the producer, determines the stock quantity. Before the
selling season begins, the producer manufactures the quantity of products
requested and delivers them to the retailer, charging the retailer the wholesale
price per unit. Throughout the selling season, for each unit sold, the retailer
pays the producer the revenue share. If the consumer demand is less than
the stock quantity, then the leftover products are bought by the producer
at buyback price. If consumer demand exceeds the stock quantity, only the
available stock satisfies a portion of the demand, with the surplus demand
remaining unfulfilled.

Wholesale price w

Buyback price b

Revenue share r Stock quantity Q ~ Uniform

Figure 1. The supply chain model used in the study

Here, a hypothetical hybrid contract type is used to explain the three
contract types employed in the experiment collectively. In the wholesale
price-based contract, only the wholesale price is determined; in the buyback-
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based contract, both the wholesale price and the buyback price are set; in the
revenue-sharing-based contract, both the wholesale price and the revenue-
sharing price are established. Under the buyback contract, unsold products
at the end of the season are repurchased by the producer, while under the
other two contracts, unsold products lose their value and are discarded. In all
three contract types, both the producer and the retailer make their decisions
before the realization of random consumer demand.

3.2 Theoretical Solution of the Model

In this section, we will determine the subgame perfect equilibrium of
the decision-making game mentioned earlier using the backward induction
method. In this model, firms are considered risk-neutral decision-makers,
each aiming to optimize their own expected profits. The solution begins
with the resolution of the problem faced by the second decision-maker, the
retailer. The retailer faces a newsvendor model of which the price parameters
are set by the producer. Consequently, the retailer’s problem involves
determining the optimal newsvendor stock quantity based on the price
parameters set by the producer. Given the stock quantity ‘Q’, the retail price
¢’, the wholesale price 9%°, the buyback price %’°, the revenue-sharing price
9, and the demand realization ‘D’, the expected profit for the retailer can
be written as:

E[n.(@ w,b,r)] = (p — r)E[min(@, D)] + bE[max(0,Q@ — D)] —wQ (1)

Given the cumulative distribution function of random consumer demand
as F(.), the optimal order quantity of the retailer is derived as:

Q’{“’J b, ?.} — F—l (w) (2>

p—b-r
As for the producer, given the unit production cost ¢’, the expected profit

tor the producer is derived as:

E[m,(Q w,b,r)] = (w— €)@ + rE[min(Q,D)] — bE[max(0,¢ —D)]  (3)

From there the optimal contract decisions of the producer are computed
using numerical methods. For more details see Akbay (2016).

3.3 Experimental Procedure

3.3.1. First Experimental Study

This study is a single-player experiment. It consists of decision-makers,
or retailers, placing stock quantity decisions against a fixed wholesale price
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contract. The participants of the experiment are recruited from the industrial
engineering student body of a research university. As compensation for their
participation in the experiment, the participants are awarded 1% course
credit. No other incentives are provided during the study. Each student
participated in exactly one treatment.

The experiment scenario is based on a product that retails at 90 units
and has a uniform demand distribution between 50 and 150. The study
consists of low and high profit margin treatments and the participants are
randomly assigned to the treatments. The wholesale price is fixed at 55 units
and 35 units for the low and high profit margin treatments respectively. The
experiment duration is 40 independent periods. For this study only, since
the sample is large enough, male and female subjects’ decisions are analyzed
separately. The sample sizes are given Table 1. The experiment is conducted
using MS Excel and VBA.

Toble 1: Treatment sample sizes for the fivst experimental study

High profit margin (w=35) Low profit margin (w=55)

Female 54 51

Male 51 85

3.3.2. Second Experimental Study

This study is also a single-player experiment. The decision-makers are
assigned to either the producer or the retailer role and make decisions against
a computerized opponent. The retailer setup of the experiment is similar to
the first study. As for the producer setup of the experiment, the producer is
matched with a retailer placing newsvendor optimal order decisions against
the contract decisions made by the producer. The producer is able to see this
optimal retailer order on their decision screen before finalizing their contract
decision. A sample decision screen for the producer is presented in Figure
2. In both the retailer and the producer treatments three contract types are
considered, namely the wholesale price, buyback and revenue sharing. In
all treatments the consumer demand is uniform between 51 and 150. The
production cost is 3 units and the retail price is 12 units. The experiment
duration is 40 periods. The subjects of the experiment are recruited from
undergraduate student body of a research university and awarded with
between 1 and 2% bonus course credit proportional to their experiment
performance. Each student participated in exactly one treatment. The
experiment is conducted using MS Excel and VBA.
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Figure 2: Decision screen of the producer for the buyback treatment

The sample sizes for the treatments are given in Table 2. For the producer
treatments the contract parameters are determined by the decision-makers.
As for the retailer, under the wholesale price treatment the wholesale price is
tixed at 10, under the buyback contract the wholesale price is 9, the buyback
price is 8, finally under the revenue sharing contract the wholesale price 1
and the revenue share is 8. These latter two contracts are mathematically
equivalent to each other in the sense that they give the same expected profit
values to the producer and the retailer. Additionally, these contract parameter
combinations have the potential to coordinate the supply chain by achieving
the optimal supply chain profit.

Table 2: Treatment sample sizes for the second expevimental study

Wholesale price Buyback contract Revenue sharing
contract contract
Producer 9 11 17
Retailer 9 10 14

3.3.3. Third Experimental Study

This experiment has a two-player setup. Other than the fact that decision
makers are matched with another human decision-maker and the retailer
can reject the contract leading to both parties earning 0 profit for that
period, the treatments and parameter setting is similar to the second study.
Participants are randomly assigned to the role of a producer, or a retailer and
they play the same role with the same partner throughout the experiment.
The production cost is 3 units and the retail price is 12. The demand is
uniformly distributed between 51 and 150. There are three treatments for



Ummiihan Akbay | 121

the wholesale price, buyback and revenue sharing contract. The sample size
for each treatment is 22 producer-retailer pairs.

This study is supported by TUBITAK Grant #111K454. The subject of
the study are recruited from undergraduate students and awarded monetary
compensation for experiment participation. The subjects received payments
proportional to their experiment performance. The average payment is 22
dollars. Each subject participated in exactly one treatment. The experiment
is conducted using MUMS software. The user interface of the software is
MS Excel based; hence the decision screen was similar to the one presented
in Figure 2.

4. The Random Decision Simulation and Comparison Results

For the simulation of the random decision, for each experimental study
and for each treatment, a random choice is simulated with equal probability
within the allowable range of the participants’ decisions. For instance, for
the first experimental study the decision makers are supposed to make
stock quantity decisions within the demand range, that is between 50 and
150. Hence the random system for this study is designed to pick a number
between 50 and 150 with equal probability. Then 10 thousand replications
of 40 period experiment runs have been generated. The average of these
replications forms one data point in our comparison. Simulation of retailer
decisions for the second and third studies are similar. For the producer
decisions, the wholesale price can be between the production cost and the
retail price. Only under the revenue sharing contract the wholesale price can
go below the production cost as the producer will earn revenues from the
revenue sharing scheme. The buyback price is limited from above by the
wholesale price, and the revenue share is limited by the difference between
the retail price and the wholesale price.

4.1 Comparison Results for the First Experimental Study

Table 3 displays the comparison results for the first experimental study.
As expected, the random system’s average order decision is close to the mean
of the demand range. Thus, for the high profit margin, this average lies
below the optimal and for the low profit margin it is above the optimal.
Since the human decision-makers tend to overorder under low profit margin
and underorder under high profit margin settings the difference between the
random system and human decisions is smaller compared to the optimal. In
terms of expected profit, the gap between the random system and human
decisions is not significantly wide. There is about 5% and 11% difterence
under high and low profit margin expected profits.
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Table 3: Comparison vesults for the first expevimental study

Female Male Random
Optimal Decision- Decision- Decision:
Makers Makers ccistons
. Order
High | uany| 111 | 9927957) | 10339 (7:47) | 99.87 (457)
profit E ,
margin ’I(,f:f;f 4420 | 4171.8 (134) | 4244.5 (133.1) |3983.21 (68.56)
Order
Low | Quantiry | % 94.00 (9.57) | 96.56 (7.43) | 99.89 (4.64)
profit E q
margin ’I‘)ﬁzcﬁtf 2420 | 22029 (126.3) | 2234 (146.2) |1988.75 (68.92)

Average (std. dev.)

Here, we need to note that due to the setup of the parameters of the
experiment the optimal order quantities are very close to the demand
average. The narrowness of the gap between the random system and the
human decisions can be attributed to this fact.

4.2 Comparison Results for the Second Experimental Study

Here we present the comparison results for the retailer and producer
treatments separately.

4.2.1. Retailer’s Decisions

Table 4 tabulates the comparison results. For the wholesale price contract,
the experiment scenario is a low profit margin setting. Thus, the random
decisions turned out to be significantly above the optimal, resulting in an
almost 0 expected profit for the retailer. As for the human decision-makers,
although the order decisions are skewed towards the demand mean, they
still earn more than 60% of the expected profit. This suggests that when the
profit margin is sufficiently low, human decisions outperform the random
system.
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Table 4: Comparison vesults for the vetailer decisions of the second expervimental study

Human Decision-

Optimal Makers Random Decisions
Order
Wholesale | uaniy 67 88.55 (9.62) 99.91 (7.13)
price E ,
XPCCtC
contract
o 118 73.4 (30.54) 2.15 (19.84)
Order 125 109.99 (12.49) 100.52 (4.57)
Buyback Quantity
contract Expcctcd
o 264 246 (10.64) 234.79 (5.1)
Revenue Qg;i;y 125 103.54 (8.93) 100.3 (4.6)
sharing E 4
contrat xpecte 264 246.39 (8.27) 234.68 (5.16)
Profit

Averagge (std. dev.)

For the buyback and revenue sharing setting the profit margin is above
50% and thus the optimal order quantity is above the demand average.
Under this setting human decision makers tend to underorder which is also
apparent in the experiment results. As a result, the human decisions are
close to the demand average and the average expected profit earned by the
human decision makers is just about 5% above that of the random system.
The expected profit earned by the random system is also about 88% of the
optimal expected profit. This suggests that under high profit margin settings
automation may be a good enough alternative to human decisions.
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4.2.2. Producer’s Decisions

Table 5: Comparison vesults for the producer decisions of the second expervimental study

Optimal Hum;/r[la]I?;c;smn- Random Decisions
Wholesale w 10 9.57 (0.96) 7.52 (0.47)
. frfifzct E’I(f;zcﬁtfd 466.7 450.65 (44.21) 325.81 (24.97)
W 11 10.22 (0.76) 7.52 (0.46)
Buyback b 10 8.13 (2.17) 3.75 (0.46)
oM | Expected | 591.9 (71.61) 320.93 (32.52)
Profit
W 1 2.67 (1.42) 6.03 (0.58)
I:EZ:;‘;C r 10 7.18 (2.03) 2.99 (0.47)
contract | Bxpected | 0 o 556.94 (65.81) 388.65 (31.13)
Profit
Average (std. dev.)

Next, we analyze the producer treatments of the second experimental
study. The comparison results are shown in Table 5. Here we observe
significant gaps between the human decision-makers and the random
system. Random system offers significantly lower contract prices and earn
significantly lower expected profit. The difference is about 28%, 46% and
30% for each of the contract types.

So for pricing decisions we can conclude that human decision makers
significantly outperform the random system. The reason behind this
observation may be that human decision makers are better at pricing
decisions than inventory decisions and thus the comparison gap is wider for
the pricing decisions. This finding is also parallel with the findings of Akbay
and Cavdaroglu (2022) who find that pricing decisions of the subjects are
not necessarily worse than the optimal.

4.3. Comparison Results for the Third Experimental Study

4.3.1. Retailer’s Decisions

Here we present the comparison results as proportion of the expected
profit earned by the random retailer to the expected profit corresponding
to the order decisions of the human retailers under the contract parameters
offered to them by the producers during the experiment. Note that not
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all contract parameter combinations are oftered by the producers and the
comparison is done over the accepted contracts only.

Table 6 shows the comparison results for the wholesale price contract
treatment. Parallel to our earlier observations, under relatively high profit
margins the difference between random decisions and the human decisions
is not terribly high. The difference is minimized when the profit margin is
exactly 50% (w=6). When the profit margin is 25% or lower (w=9), we
see that the random decisions significantly lead to low or negative profits.

Table 6: Propovtion of random system’s expected retailer profit to the average human
expected vetailer profit — thivd experimental study wholesale price contract

Wholesale price
3 4 5 6 7 8 9 10 11
93% | 91% | 95% | 99% | 94% | 85% | 64% | 2% | -189%

Table 7 presents a similar result to our earlier findings, specifically
unless the profit margin is very low, the random system performs quite well
compared to the human decisions. One factor affecting this result is the
inter-human interaction between the decision makers in the experiment. As
per the findings of the earlier literature, retailers may sometimes make order
decisions as a reaction to the producer. Here also note that as the buyback
price increases the inventory risk of the retailer decreases reducing the cost
of overage. Thus ordering higher quantities has less adverse results and thus
the performance of the random system improves.

Similar results are shown in Table 8. For low profit margins the performance
if the random system is terribly lower than the human decision-makers. For
the buyback contract low profit margin happens when the wholesale price is
high, and the buyback price is low. For the revenue sharing contract when
the sum of the wholesale price and the revenue share approach the retail
price the profit margin decreases.
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Tiable 7: Propovtion of random system’s expected retailer profit to the average human
expected vetailer profit — thivd experimental study buyback contvact

Wholesale price
4 5 6 7 8 9 10 11

0 91% | 95% | 85% 4%

1 94% | 92% | 82% | 102% 15% -158%

2 91% | 94% | 89% 83% 30%

3 1 87% | 91% | 91% | 93% | 93% 84% 52% -94%
3 4 93% | 97% 91% 76% -59%
E* 5 93% | 99% 97% 70% -30%
é 6 83% | 88% | 94% 97% 89% 0%
& | 7 83% | 91% | 102% | 86% | 36%

8 85% 94% 99% 63%

9 83%| 102% 80%
10 100% 98%
11 84%

Toble 8: Proporvtion of random system’s expected vetailer profit to the average human
expected vetailer profit — third experimental study revenue shaving contvact

Wholesale price
of 1| 2| 3 4 s/ 6 7 8 9 10 mn
0 90% 93%| 80%| 1%
1 929 91%| 93%| 94%| 86%| 66%| 14%|-262%
2 91%| 929%| 91%| 95%| 73%| 32%|-215%
3 86% 95%| 93%| 92%| 82%| 46%]-194%
g| 4 87%| 91%| 93%| 99%| 95%| 61%|-115%
I 88%| 93%| 98%| 98%| 69%]-51%
g 6 88%| 95%| 104%| 88%| 2%
2 7] 83%| 92%| 93%|100%| 57%
8| 86%| 101%| 96%| 57%
9| 101% 78%
10| 93%| 95%
1
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4.3.2. Retailer’s and Producer’s Decisions

Next, we present the comparison results for the producer decisions along
with the retailer decisions. Here the comparison is made with a system
where both the retailer and the producer decisions are randomly selected.
Table 9 presents the comparison results. For the wholesale price contract, the
average wholesale price decision is more or less same in the human decision-
makers and the random system. Retailer stock quantity decisions are pull to
the center of the demand mean and thus the difference between the random
system stock quantity decisions is small. In terms of expected profit, the
random system producer earns higher profit than the human counterpart
whereas the random retailer earns lower profit. In both cases the difference
is about 10%.

Table 9: Comparison vesults for both the vetailer and producer decisions of the thivd

experimental study
. Hu.rr'lan Random
Optimal Decision- Decisions
Makers
w 10 7.5 (0.51) 7.51 (0.48)
Order Quantity 67 96.36 (9.85) | 100.57 (4.7)
Wholesale -
price Expected retailer profit 118 281.8 (51.7) | 251.5 (50.46)
contract Expected producer profit 469 418.94 (66.3) (45533:7231)
Expected contract efficiency | 0.74 0.88 (0.05) | 0.89 (0.02)
w 11 8.72 (0.71) | 7.48 (0.47)
b 10 5.02 (1.48) | 3.73 (0.47)
Order Quantity 100 100.02 (9.33) | 100.6 (4.53)
Buyback ) 232.84
contract Expected retailer profit 75.5 (62.63) 316.8 (45.27)
482.11 388.12
Expected producer profit 677.5 (75.36) (47.29)
Expected contract efficiency | 0.95 0.90 (0.04) | 0.89 (0.02)
w 1 4.31 (1.61) | 5.98(0.61)
r 10 4.05 (1.73) | 3.02(0.48)
Revente Order Quantity 100 95.5255 6( 1815.77) 100i65f) (74265)
sharing Expected retailer profit 75.5 ’ )
contract (100.29) (48.03)
Expected producer profit 677.5 |438.6 (95.15) 554.13
pectedp P ! o (51.25)
Expected contract efficiency |  0.95 0.88 (0.06) | 0.89 (0.02)

Average (std. dev.)
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Even though buyback and revenue sharing contracts are mathematically
equivalent, both the experiment results and comparison with the random
system point to a difference between the contract performances. Under the
buyback contract, the random producer earns less profit than the human
producer while the random retailer makes more profit than the human
retailer. This comparison is opposite under the revenue sharing contract.
That is to say the random producer earns higher expected profit and the
random retailer earns lower expected profit.

Table 10: Contract efficiency comparisons

Human Human
. Decision-Makers .. Random
Optimal Decision-Makers ..
(only accepted Decisions
(all contracts)
contracts)
Wholesale 0.74 0.88 (0.05) 0.81 (0.11) 0.89 (0.02)
price contract
Buyback
0.95 0.90 (0.04) 0.80 (0.09) 0.89 (0.02)
contract
Revenue 0.95 0.88 (0.06) 0.79 (0.14) 0.89 (0.02)
sharing contract
Average (std. dev.)

Finally, Table 10 presents the comparison results for the contract efficiency.
When we consider only the accepted contracts, we see that the performance
of the random system is just 1% oft from the performance of the human-
human supply chain. However, since human interaction involves some of
the contracts being rejected by the retailer, when all contracts are taken
into consideration, the random system has about 9-10% higher contract
efficiency.

5. Conclusion

In this study we compare the supply chain contracting decisions made
by humans and a completely random system. The purpose of the study is to
investigate if it is worth investing in automation. A conservative approach
is taken, and human performance is compared with possibly the worst
automation by randomizing the decisions. We find the following:

1. When the profit margin is relatively low, it is better to let the humans
make the decisions. Or in such settings the decisions made by the
automated system should be carefully checked and updated by the
humans.
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2. When inventory risk is high human inference have significant
value over the automation. Nevertheless, when the inventory risk
is relatively low (high buyback price or under the revenue sharing
contract low wholesale price) inventory decisions can be automated
with reasonably good performance outcomes.

3. When there is high interpersonal interaction, conflict and biases,
automated system may lead to better results. In other words when
human judgement is clouded by emotions, automation can improve
the performance.

4. In supply chain contracting when the other firm is making rational
decisions and will make use of any bad decision you may make, human
intervention is again valuable.

These findings suggest that when supported with an automated decision
support system, performance outcome of the human participants can improve
significantly. For future studies human judgement can be compared with a
more educated automated system using machine learning. Furthermore, a
machine learning based decision support system may be incorporated to the
decision screen of the participants, and the performance improvement can
be measured.
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Chapter 8

Investigation Of Thermal And Flow
Characteristics Of Forced Convection Operating
Blankets 3
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Abstract

In this study, operating theatre blankets, which are one of the measures taken
against the risk of the patient’s body temperature drop during surgery, were
examined from various angles. Textile processing method was applied using
spot welding method. Within the scope of the study, the hot air vents coming
out of the blankets were analysed in terms of system pressure and air outlet
velocity. Instead of performing experiments on real patients, an aluminium
plate assembly heated from the bottom under constant temperature
conditions in the laboratory environment was used. In the second stage,
values such as pressure and velocity were measured with the set-up, but heat
transfer calculations could not be performed more precisely. Therefore, some
calculations were performed using the ANSYS-CFX package programme.
In the third stage, several different models of non-perforated blankets,
which have only warm air inside and therefore cover the patient partially
or completely, were compared in terms of energy consumption. Finally,
different models of blankets were tested on the same plate assembly in terms
of the temperature generated on the surface. It was concluded that there are
clinically significant differences between forced air heated blankets and other
types of blankets
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1. Introduction

Thermoregulation is a process by which our body maintains its core
internal temperature. All thermoregulation mechanisms are designed
to return our body to a state of homeostasis, or equilibrium. One of the
moments when thermoregulation is disrupted in the living body is the
moment of surgical intervention. During surgical intervention under general
anesthesia, the patient’s body experiences a decrease in body temperature
due to the effect of the anesthesia drugs used and peripheral vasodilation
(dilation of the vessel by relaxation of the smooth muscle in the vessel wall)
on the thermoregulatory centers. Therefore, temperature control of the body
during surgery is a very important issue.

Medical and biomedical studies have clearly shown that, as general
anaesthesia can cause shivering and potentially lower body temperature
levels, it may be necessary to warm patients for any procedure requiring
anaesthesia to prevent hypothermia. It is vital that the patient is warmed
before and, if necessary, during the operation, as there is a danger of the
body temperature dropping for various reasons during the operation.
Sometimes the body temperature drops more during the operation. During
the operation, warming is provided with a blanket and the body temperature
can be maintained at the desired level throughout the operation.

In this study, operating room blankets, which are used as a precaution
against the danger of the patient’s body temperature drop during the
operation in operating rooms, are discussed in many aspects. The study
consists of 4 chapters. In the first part, there is an introductory section where
a brief introduction is made. In the second part, there is a detailed literature
review on the medical uses of blankets and thermoregulation. In the third
part, some of the blankets with forced air heating (heating of air by forced
convection) are compared in terms of determining the pressure and speed
values of the blower fan. In the fourth section, some well-known forced
air heated blankets are compared with direct contact conduction heated
blankets in terms of energy consumption. Finally, in the fifth section, heat
transfer analysis of forced air heated blankets is carried out with the help
of ANSYS-CFX, which performs computational fluid dynamics analysis.
Finally, general evaluations are made in the Results section.

2. Literature Review

2.1. Thermoregulation and Homeostasis

The human body maintains a temperature of 37°C, also called body
core temperature or core temperature, by using various physical processes.
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These include sweating to lower body temperature, shivering to raise
it, and constricting or relaxing blood vessels to change blood flow. If
body temperature is not regulated, the body can overheat, leading to
“hyperthermia”. Hyperthermia, also known as heat stroke or sunstroke,
is a condition in which the body’s thermoregulatory mechanisms become
inadequate and overheat, usually as a result of prolonged exposure to high
temperatures, prolonged or intense physical exertion or drug use [1].

The body’s thermoregulatory balance is the best illustration of
homeostasis. Temperature-sensitive receptors are present in the skin. The
control center alerts the blood vessels and sweat glands in our skin to
changes in temperature outside, allowing them to adjust appropriately. The
body temperature drops when the temperature is too high because the blood
vessels dilate, or vasodilatate. In addition, sweat is produced by the sweat
glands in tandem with vasodilatation. Vasoconstriction, or the narrowing of
blood vessels in response to extreme cold, helps the body retain heat. A flow
chart representing thermoregulation in the human body is shown in Figure
2.1[2].

Reaction:
-blood vessels expand
-sweal is secreted

The hypothalmmus ,/“ )
nctivates the cooling "g
mechanism kk‘f -

Warning:
Body temperature Body temperature
decreases higher than set
r
— Body temperature : Set value 37 C
A 4
Warning:
Body temperature Body temperature
increases lower than set

The hypothalamus /,_‘\ )
= | TP
mechanism 5

Figure 2.1. Thermovegulation in the human body
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The capacity of an organism to retain internal stability in the face of
environmental changes is known as homeostasis. The best illustration of
homeostasis is thermoregulation, the regulation of the body’s internal
temperature. The nervous and endocrine systems are essential for preserving
the body’s homeostasis. Still, other organs are involved in the preservation
of homeostasis. A self-regulating mechanism called homeostasis manages
the internal factors required to maintain life. Sweating is the body’s attempt
to remain cool in a hot environment. Furthermore, blood vessels close to the
skin’s surface enlarge. This aids in reducing body temperature. In contrast,
the blood vessels constrict and retain body heat in a cold environment. As a
result, the skin keeps its equilibrium [3].

A fundamental understanding of thermoregulation and homeostasis
is necessary for many physiological and therapeutic applications. 37°C is
the typical core (or center) temperature. It is restricted to a small range
(33.2-38.2°C), which gets even smaller when rectal, tympanic, or axillary
measurements are substituted for oral measurements [4]. Throughout the
day, during the menstrual cycle, and as we age, there are regular fluctuations
that happen. The body’s thermoregulatory systems will be tested by
abnormal core temperature deviations of a few degrees, and temperature
swings outside of the normal range can be lethal. For instance, cytotoxicity
with protein denaturation and reduced DNA synthesis happens over 42°C
[5]. Failure of internal organs follows from thisSerious hypothermia, or
a body temperature below 27°C, can also have fatal consequences for the
respiratory, cardiovascular, neuromuscular, and haematological systems [6].
Humans are able to push the limits of their thermoregulatory capacity and
survive in the most extreme environments, despite the necessity for strict
regulation of core temperature. Think about the fact that some people can
partake in ice diving, where the water can be just a few degrees above freezing,
or the Marathon Des Sables, a 251-kilometer endurance running race held
in the Sahara Desert, where daytime temperatures can reach 50°C. Many of
us find it incomprehensible that they can do these things and still live. But
the reason is obvious. To ensure optimal physiological function and survival,
humans must be able to maintain core body temperature (in the head, chest
and abdomen) in the face of environmental temperature challenges.

Heat input into the body must equal heat output from the body in
order to maintain core body temperature. Humans are endothermic, or
homeothermic, meaning that they can control their body temperature
and produce their own heat. The primary means of achieving a high core
temperature is through heat production brought on by metabolism. As will
be covered in more detail later, heat transfer always occurs along a thermal
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gradient, or from hot to cold, via radiation, conduction, and/or convection.
Since people are typically the hottest objects in a given environment,
heat transter normally occurs in this direction. Nevertheless, heat loss via
evaporation takes over as the main method of heat dissipation when the core
temperature rises [3].

The following heat balance equation addresses the internal and external
factors that contribute to thermal equilibrium and thus to the maintenance
of core temperature:

Heat stovagre = metabolism - work - evaporation + radiation + conduction +
convection here;

* Chemical reactions that take place within the body are referred to as
metabolism.

* The working muscle produces a lot of heat when exercising.
* Work is the done external labor.

* As water evaporates from the skin’s surface and respiratory tract, heat
is lost to the surrounding air.

The following three variables determine the total amount of sweat that
evaporates from the skin:

* The body’s surface area exposed to the environment.
* The ambient air’s temperature and relative humidity.
* and the convective air currents surrounding it.

Radiation, electromagnetic heat transferred to non-contact bodies,
including ultraviolet light radiation from the sun penetrating the earth’s
surface and infrared radiation from the body:.

Conduction, is the movement of heat from the body directly to objects
in contact with the body. Usually the amount of heat exchanged in this way
is minimal.

Convection, is the transfer of heat to a moving gas or liquid. When a
body heats up, the air molecules in contact with the body heat up, reducing
their density, which causes the molecules to move, rise and are replaced by
cooler air. Convective heat exchange is enhanced by the movement of the
body in air or water, or by the movement of air or water across the skin.

The core and peripheral shell (skin) temperatures are typically discussed
when talking about body temperature. The temperature of the “deep”
bodily tissues, or the organs with high basal metabolic rates (the brain,
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heart, and liver), is reflected in the core temperature. Skin blood flow, which
increases with a high core temperature and outside temperature, affects shell
temperature. Usually, the skin on the hands and feet is used to measure it.
These regions have high surface-to-mass ratios; the hands, for instance, have
a ratio of four to five times that of the body [7].

The central integration or coordinating center for thermoregulation is
the hypothalamus. The most significant area for autonomic temperature
regulation appears to be the hypothalamus [8]. The hypothalamus receives
its input from both central and peripheral thermoreceptors. There are two
subtypes of thermoreceptors, one for the cold and one for the temperature:
peripheral and central. The skin contains peripheral thermoreceptors, with
a higher concentration of cold than warm receptors. There are more warm-
centered thermoreceptors than cold thermoreceptors in the hypothalamus,
spinal cord, internal organs, and large vessels. The most significant impact of
central thermoreceptor activation is on core temperature, and it appears that
activation of warm thermoreceptors inhibits activation of cold receptors [9].

2.2. Researches on Operating Room Blankets

Under general anesthesia, a surgical procedure results in a 1-3 °C drop in
body temperature, which suppresses the thermoregulatory center and causes
peripheral vasodilatation [10]. According to reports, hypothermia can raise
the risk of bleeding, lengthen hospital stays, increase surgical site infections,
and raise medical expenses. It has been demonstrated that maintaining a
normal body temperature of =36°C during the perioperative period is
crucial for postoperative recovery [11]. Studies on preoperative warming
and the avoidance of postoperative complications have also been carried
out. Decreased hepatic drug metabolizing enzyme activity has been linked
to hypothermia [12]. Furthermore, hypothermia may lead to significant
complications such as arrhythmias, coagulopathies, increased transfusion
requirements, increased susceptibility to infections, and longer hospital stays
[13, 14].

As was already mentioned, the human body uses three different forms
of heat transfer—radiation, convection, and conduction—to regulate its
temperature [15]. By including evaporation, we can actually raise this to
tour. This surface needs to safely transfer large amounts of heat to the patient,
as 90% of heat is conducted through the skin [16]. In the past, specialized
patient warming techniques have been employed to circulate hot water
and produce heat through radiation and conduction. Hot water circulation
heaters only heat the area in contact with the patient; hot air heaters, which
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surround the patient with warm air and transfer heat by convection, have
reportedly been shown to be more effective in recent years [17, 18].

In terms of use, there are two types of warming blankets: over-body
blankets, which warm the patient from above, and under-body blankets,
which warm the patient from below. However, with the recent development
of laparoscopic surgery, the number of operations performed in lithotomy
(the position in which the patient is placed and secured in the supine position
with the legs raised together and bent at the knees and placed and secured
on pre-adjusted footrests) has increased rapidly and the number of cases of
hypothermia has risen dramatically. Because lithotomy typically necessitates
immobilizing the upper limbs, it is imperative to enhance techniques for
controlling body temperature and the body heat field. Nevertheless, the
warming field is frequently restricted to the anterior thorax and neck.
The patient is heated from the head to the buttocks when an under-body
blanket is utilized. This approach is probably going to be more successful in
avoiding hypothermia. Without supporting data, it is challenging to adopt
the under-body heating system widely due to its higher cost. While prior
research has indicated the effectiveness of under-body heating systems for
supine surgery [19, 20], no reports of their efficacy for procedures carried
out in the lithotomy position exist [21].

The most effective way to prevent hypothermia is to warm the skin.
Forced air heating blankets, conduction heating blankets or electric heating
blankets can be used for this purpose [22]. However, until recently, the use
of electric blankets was restricted due to concerns about electrical hazards
and thermal injuries [23].

Active air heating in air heated blankets is done by using fan type forced
air heating devices. Passive heating is heating using reflective blankets. The
use of active prewarming (active heating before anaesthesia) in combination
with intraoperative heating methods has been shown to be more effective
than intraoperative heating in isolation in producing higher core temperatures
and maintaining normothermia [24, 25].

Active or forced air heating devices rely on convection heating to increase
skin temperatures and total body heat content, minimise the heat gradient
between core and peripheral tissues and reduce heat redistribution [26].
Forced air heated blankets have a warm air flow that releases the airflow up
to 43°C. This extra thermal energy causes temperature gradients that can
impede laminar airflow in the operating room [27]. When this unidirectional
laminar airflow is disrupted, there is the potential for increased surgical site
contamination.
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It has been shown that potentially pathogenic organisms can be detected
in the tubing of devices connected to forced air heated blankets [28-30].
Although alternatives to forced air heated blankets have been shown to
be passive heating devices that utilise a conductive energy mechanism by
reflecting radiant body heat to prevent overheating [13], they may not always
offer high thermal efficiency [40]. The use of such blankets eliminates any
laminar airflow interruption and the absence of reusable parts eliminates the
transfer of potentially pathogenic organisms by the device. Although studies
have shown that reflective blankets are not as effective as active heating
devices in maintaining intraoperative normothermia, none of these studies
included the use of preheating of patients [13, 14, 25, 32].

Maintenance of the patient’s normothermia (36°C) during surgery is
essential to reduce the risks and complications associated with hypothermia.
Several studies have shown that both general and regional anaesthesia
can induce hypothermia due to iatrogenic thermoregulatory dysfunction
and secondary heat loss from redistribution of core body temperatures.
Hypothermia can lead to significant complications such as arrhythmias,
increased transfusion requirements, greater susceptibility to infections, and
subsequent longer hospital stay [13, 33].

It 1s appropriate to use upper body blankets during lower limb and
abdominal surgeries. The use of upper body blankets suggests a decrease
in both heat gain and loss in a relevant area. The enclosed region makes up
roughly 0.35 m?, or 15%-25% of the total surface area. With forced air
heating systems and upper body blankets, the heat balance in this area can
be adjusted between 46.1 W and 55 W. In conjunction with insulation and
fluid heating, forced air heating with upper body blankets can effectively
prevent perioperative hypothermia, depending on the type of surgery and
the resulting fluid demand [33].

2.3. Blankets Used in the Medical World

The literature review to date has clearly shown that hypothermia is a
major problem [34-41]. A number of things, such as the low operating
room temperature, the patient’s lack of insulating clothing, the application
of cold or volatile solutions to the patient’s skin to prepare it, and losses from
incisions made on the patient, can result in heat loss from the patient. The
effects of anesthesia during surgery make it harder for the patient’s body to
regulate its temperature, which exacerbates the problem. In patients with
hypothermia from excessive exposure to cold unrelated to surgery, returning
the body temperature to normal is also a concern. It is crucial to warm the
patient as soon as possible as a result [42—43].
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As mentioned above, the two most common forms of patient warming
systems are forced convection air heated blankets and conduction heated
blankets [44]. Forced convection air-heated blankets provide a flow of
warm air through pores (holes) drilled in the surface in contact with the
patient’s body. The air coming out of the holes acts like an air jet and hits
the patient’s body and heats the body. In conduction heating blankets, the
mechanism is that a heated pad covering the body maintains the patient’s
body temperature. Both approaches are effective in preventing hypothermia;
however, it has been reported that the use of forced convection air-heated
blankets is more effective in increasing the patient’s body temperature
compared to conduction-heated blankets [44].

Other solutions have been proposed to prevent hypothermia during
surgery. Some involve preheating, i.e. providing heat to the patient bed
from an external source, such as the application of electric hospital blankets.
This is an inexpensive, simple solution, but it has the disadvantage that the
heat rapidly decreases, as electricity would be hazardous during surgery and
therefore heating would not be available (Figure 2.2).

Figure 2.2. Preoperative bed warming with electric blanket [45]

Blankets through which heated water is passed have also been used with
some degree of success. Nonetheless, because of the weight of the liquid,
these blankets frequently have an external heat source and are large and
bulky (Figure 2.3). Because they are used frequently and eventually begin to
leak, water blankets can also be unhygienic. Increase the temperature of the
operating room, or at least the area surrounding the patient, with heat lamps
is another prior art method for managing the patient’s body temperature.
The disadvantage of this method is overheating of the surgical team, which
is already usually heavily clothed [40].
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Figure 2.3. A blanket with hot water inside [46]

Today, forced air blown blankets are preferred in many countries of the
world. Hot air is passed through these blankets. Some are laid under the
patient and some are laid on top [48]. Figure 2.4 shows an example of a
blanket laid under the patient.

Figure 2.4. Example of an air blown blanket with bottom heating [47]

Some of the blanket types that are usually covered on the patient have
holes on the face in contact with the patient, through which the air is
impinged on the body. In some models, there are no perforations, just heat
passing through the blanket fabric to the patient, which is heated by warm
air. A disadvantage of this approach is that they are double-walled blankets
with an internal chamber for air passage. The natural thickness of the blanket
fabric creates a physical barrier to heat transfer. When air is introduced into
the blanket, the blanket “puffs” so to speak and can interfere with surgery.
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With the emergence of this problem, types that cover the parts of the patient
to be operated on and leave the other parts exposed have been produced.
Figure 2.5a, and Figure 2.5b show partial area warming blankets, and Figure
2.5¢ shows an example of a blanket covering the whole body.

Sekil 2.5. Examples of top beated air blown blankets [49]

3. Investigation Of The Holes Drilled In Forced Air Heated
Blankets In Terms Of Pressure And Velocity According To The
Method Of Opening

As seen in the literature, there are many studies on the use of forced air
heated surgical blankets [40-44, 48, 50]. It has been concluded that there
are clinically significant differences between forced air heated blankets and
other types of blankets [48, 50] and that forced air heating systems are more
effective in keeping the body at the desired temperature. In the medical
market, there is an ever-increasing number of forced air heated blankets.
However, there are few studies investigating the physical background of
these devices and aiming to find the most suitable one. For example, the
heat flow generated by the power units of a blanket depends on the air
temperature at the nozzle and the air flow rate [50]. It is obvious that
engineering investigations are required on many subjects such as energy
capacity and efficiency, heat transfer, pressure, flow rate and speed settings.
Some pioneering studies have already been initiated by the supervisor of
this study. For example, Celik and Bayazit [51] measured the outlet air
pressure of two types of blankets with air holes drilled on the patient contact
surface and discussed which blanket would be more efficient. In another
study by Bayazit and Sparrow [52], which also inspired this study, various
blanket types were compared in terms of their energy efficiency. Brauer et
al. [16] measured the temperature changes on the inanimate model, also
called patient surrogate, using various blankets. At this stage of the study,
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extensive research has been carried out especially in the light of the 3 cited
studies, and the stages followed are given below;

Firstly, blankets with hot air coming out of the holes were analysed
in terms of system pressure and air outlet velocity. Instead of conducting
experiments on real patients, an aluminium plate set up in the laboratory,
heated from the bottom under constant temperature conditions, was used.

1. Several different models of blankets, which are not forced air heated,
but heated by direct contact conduction, that is, not perforated, but
only partially or completely covered on the patient with hot air or
other heating system inside, were tested on the installed plate assembly
and compared in terms of energy consumption.

2. Although values such as pressure and velocity were measured with the
set-up, heat transfer calculations could not be performed accurately.
Therefore, some calculations were performed using ANSYS-CFX
programme. While performing the calculations, the different
geometries of the holes were also compared.

3. Finally, different models of blankets were tested on the same plate
assembly, this time in terms of the temperature they caused on the
surface.

3.1. System Pressure in Air Blown Blankets

As already emphasised, some surgical blankets with forced heating have
some holes under the inner chamber. Through these holes, hot air hits the
patient during the operation. A disadvantage of such blankets is that the
exhaust of the heated air around the patient may cause the surgical team to
overheat. In this case, the air conditioner consumes more energy.

In this part of the study, the effects of opening the air holes with two
different methods on the working pressure of the system are analysed. Then,
the effects of opening the holes in two different geometries on the working
pressure of the system are analysed. The flow rate provided by the blower
fan is closely related to the operating pressure. The pressure at the outlet of
the fan and the velocity at the inlet of the blanket are the tested parameters
of the system.

3.1.1. The Effect of the Shape and Geometry of the Air Blowing
Holes on Pressure

The blanket used in the experiments has a length of 185 cm and a width
of 90 cm. The mass of the blanket is 135 g. In fact, the blanket considered



Sertan Yildwim / Celal Kistak / Nevin Celik | 145

is a forced air heating type that does not blow air, only hot air is sent into
it. In order to obtain a blanket that blows air on the surface in contact
with the patient, various processes were applied to the blankets. It will be
useful to state immediately that such perforated blankets are available in
the market. However, in our study, our aim is to test whether the existing
holes are efticient. For this reason, circular holes were first drilled under the
inner chamber of the blanket sewn with a simple duvet cover technique.
The diameter of each hole is 1 mm. The distance between two holes is 3
cm along both length and width. The holes were obtained in two ways: by
hot burning and punching. In hot burning, a 1 mm diameter rod heated
to a glowing ember was pressed onto the wire fabric and pulled. Air was
blown through the hole formed by the burning parts. In the second type,
i.e. punching, holes with a diameter of 1 mm were formed with a punching
device, which is a textile tool. It was examined whether there was a difference
in the pressure and speed of the air blown from the blanket in terms of the
formation of the hole.

The geometry of the holes is as important as the way they are formed.
Because sending hot air to the patient’s body is a real impact jet application.
In impinging jets, the geometry of the nozzle or pipe from which the air
comes out is an important factor parameter. For this reason, blankets were
tested in three different situations such as triangular, square and circular
holes. Triangular and square holes were drilled with a hydraulic diameter
of 1 mm at 3 cm intervals, just like the circular hole. Thus, their sizes were
equalised.

In the experiments, the air from the air-blowing blanket was impinged
on a smooth fixed plate called a surrogate patient (manikin) instead of real
patients. The use of this plate, schematically illustrated in Figure 3.1, as a
surrogate patient was investigated for compliance with the standards. It was
found to be accepted by ASTM (F2196-02, 2002) and TS (60601-2-35,
1996) [53].
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Figure 3.1. Plane designed as human body a) Front View b) Top View

The plate is made of aluminium sheet 6 mm thick, 1.5 m long and 1
m wide, whose upward facing surface is painted with matt black paint to
provide a radiation equal to that of human skin (¢=0.90-0.95). A total of
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16 strings of water-carrying copper tubes were placed under the downward
facing surface of the plate. In the pressure and velocity experiments, no
attention was paid to heating measurements; in the thermal tests to be
described later, the constant body temperature condition was ensured by the
hot water passing through these pipes. Figure 3.2 shows a photograph of
the blanket on the plate. Both pressure and velocity were measured using a
small diameter Pitot tube.

Hot air from fan

Figure 3.2. Tested Blanket

The first motivation for the pressure measurements was the determination
of the operating point of the system when making air outlet measurements
from the blower fan. The operating point represents the intersection point of
the fan curve and the system curve. The variation of the operating pressure
in combustion-formed perforated blankets compared to puncture-formed
perforated blankets is due to the change in flow resistance.

Measuring the static pressure at the outlet of a blower is a challenging
task. This is because the fluid flow lines at that location are by no means
straight and mutually parallel. Two approaches have been used to deal with
this complexity. One is to place a Pitot tube with the pulse opening facing
the direction of flow. The measurement of the pressure at the pulse opening
was expected to be a reasonable estimate of the static pressure. The second
approach is to measure the pressure in the static orifices of the Pitot tube
while the pulse aperture is positioned facing downstream.
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The results of the pressure measurements are presented in Figure 3.3.
The static pressure measured at the blow opening facing the flow direction
was 0.05334 mSS for the blanket with holes formed by puncture and
approximately 0.03556 mSS for the blanket with holes formed by burning.
These numbers were then checked by removing and replacing the Pitot tube
at the blower outlet. Although the numerical values were not reproduced per
se, the relative differences between the two cases are negligible. The static
pressures at the hole mouths were 0.04572 mSS in the case of holes formed
by spotting and 0.03048 mSS in the case of holes formed by burning.

The pressures measured in the static holes of the Pitot tube reinforced
the trend described in the previous paragraph. In fact, the results are not
surprising. Before the experiment, it was observed that the perforated
blanket created by combustion produced more regular holes. Problems such
as small crumbs on the edges and uneven hole perimeter were observed
while drilling holes in punching. For this reason, lower pressure drop was
expected for the perforated blanket formed by burning compared to the
perforated blanket formed by punctuating. Since this expectation is a visual
assumption, it is useful to measure the air velocities at the inlet of the blanket
to be sure of the results.

The average velocity calculated from the pitot tube impact pressures are
9.4488 m/s and 10.0584 m/s for the puncture-formed perforated blanket
and the burn-formed perforated blanket, respectively. Statistically speaking,
the difference between these two numbers should not be considered. This is
because the measurements are limited to a single diameter. Since the holes
created by burning are smoother, they do not block the air flow, so it is
expected that the air velocity will be higher in the blanket with holes created
by burning, just like the result of low pressure loss.
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Figurel 3.3. Measuved pressures at the impact opening and in the boves

Although the types of holes created by burning gave better results among
the circular perforated blankets, spotting has been a more preferred method
as a textile processing method. For this reason, in this part of the study, air
pressure and velocities were measured from the triangular and square hole
blankets by spotting method as well as the circular holes. The data were
summarised in a single graph. Figure 3.4 shows the pressure drop.
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Figure 3.4. Static pressuves measuved in holes accovding to geometry type
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In the pressure drop tests, the highest pressure difference was detected
in the square pipe, then in the circular pipe and finally the lowest pressure
difference was detected in the triangular pipe. Similarly, velocity values are
given in Figure 3.5.
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8,40000
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Figure 3.5. Outyoing air velocities by geometry type

As can be seen in the figure, the highest velocities were measured in the
square tube, then in the circular tube and then in the triangular tube. This
was confirmed by Celik [54], who had previously performed impinging jet
studies with three different geometries. The highest velocity and momentum
were obtained with square geometry. This was followed by circular and
triangular tubes.

4. Temperature And Heat Transfer Estimates Obtained By
Numerical Analysis

At this stage of the study, the air jet hitting a flat surface was modelled
from a plate with holes drilled on it. The holes were designed as circular,
triangular and square. For each geometry, the hydraulic diameter was taken
equal to 1 mm. A specific cross-section through the fabric was considered.
Figure 4.1a shows the surface (orifice plate) where the circular holes based
on the numerical model are located. Figure 4.1b shows the free jet shape
between the surface with the holes and the surface that replaces the patient’s
body. Since the hot air hitting the plate through the holes of the blanket
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can leak out of the gaps on the edges, the jet stream is considered free, that
is, the edges between the opposite orifice plate and the impact surface are
open. Figure 4.2 shows the position of the holes and the impact surface from
another point of view.
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Figure 4.1. Schematic vepresentation of the modelled dvilled surface
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Figure 4.2. Illustration of the impact surface with holes from various angles

The problem was solved under laminar flow conditions using ANSYS-
CFX commercial package programme used in computational fluid dynamics
studies. The boundary conditions are defined as the mass flow rate of
the air entering through the holes “inlet”, the impact surface “wall” with
constant 35°C temperature, the edges “opening”, the part of the blanket
outside the holes “wall” without thermal condition. The problem was
solved as time dependent. In this way, it will be possible to find out how
long the temperature will become constant in the patient’s body. A starting
temperature of 35°C was chosen. The total time was determined as 300
s, 1.e. 5 min. The initial temperature of 35°C was chosen on the grounds
that the patient was about to enter hypothermia. Mass flow rate values are
the reference values obtained in the experiments. It was assumed that there
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was a 6 mm gap between the holes and the impact surface. Since the flow
is laminar according to the flow rate values, the following equations were
solved under laminar flow conditions:

Continuity equation:

du;
—_ 1 — D
9 (4.1)

Reynolds averaged Navier-Stokes momentum equation:

p(ui%]=_:_:+aiq@%{i) i=1,2,3 (4.2)

where p is the fluid viscosity. Its value at the appropriate temperature
for air was found from the tables. Finally, CFX energy equation was used to
solve the thermal problem.

e, (ue;—;) = % (k;Tr) (4.3)

where k % is thermal conductivity, p is density, Cp is specific heat.

The appropriate network structure for the solution domain was found
by comparing the temperatures and velocities after several trials. When the
results of the tested network structures were close to each other by 0.5%, the
tinal network structure was used. Figure 4.3 shows the network structure.

improved mesh

]

Figure 4.3. Solution avea mesh structuve
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The results will be shown graphically below. However, it should be noted
that local values are given by selecting some measurement points on the
plate. The 6 cm long plate was assumed to have a line passing through the
centre of the plate at a level distance and points were determined at 1 cm
intervals on this line. These points are given in Figure 4.4.

o IO o T v = I -

nl

=

Figuve 4.4. Local points

The results will be shown graphically below. However, it should be noted
that local values are given by selecting some measurement points on the
plate. The 6 cm long plate was assumed to have a line passing through the
centre of the plate at a straight distance and points were determined on this
line at 1 cm intervals. These points are given in Figure 4.4.
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Figure 4.5. Time-dependent tempevature change
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Table 4.1 shows the variation of temperatures at local points A, B, C,
D, E, F when the flow rate of the hot air coming out of the blower fan is
increased in case of using a circular hole. The flow rate increase is shown
in terms of Reynolds number. In Figure 4.6, the variation of temperature

values with Reynolds number is shown graphically.
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Table 4.1. Reynolds number dependent temperatures of local measurement points for o
civeular hole

Re A B C D E F

96.76096 36.27778 36.33333 36.33333 36.38889 36.27778 36.33333

105.0534 36.61111 36.66667 36.72222 36.83333 36.66667 36.61111

111.6172 36.72222 36.77778 36.77778 36.88889 36.77778 36.66667

143.5665 36.83333 36.88889 36.94444 37.16667 36.94444 36.77778

175.5732 37.16667 37.22222 37.33333 37.44444 37.22222 37.16667

182.9526 37.27778 37.38889 37.44444 37.72222 37.38889 37.22222

238.6707 37.66667 37.72222 37.77778 37.83333 37.66667 37.61111

245.2231 37.72222 37.77778 37.88889 38.11111 37.83333 37.66667

312.1753 37.88889 37.83333 38.05556 38.27778 38.05556 37.94444

392.1013 37.83333 37.94444 38.22222 38.33333 38.27778 38

436.1178 37.88889 38.11111 38.38889 38.5 38.33333 38.27778

450.819 38.05556 38.27778 38.44444 38.55556 38.33333 38.33333

523.8972 38.38889 38.38889 38.66667 38.77778 38.44444 38.44444

561.6035 38.77778 38.83333 38.88889 38.94444 38.77778 38.77778

667.8714 38.88889 38.94444 39.05556 39.11111 38.88889 38.94444

669.02 39 39.22222  39.11111 39.22222 39.27778 39.33333

689.4064 39.11111 39.11111 39.16667 39.38889 39.11111 39.44444

700.1 39.33333  39.72222 39.44444 39.72222 39.55556 39.5

Circular perforated blanket
41
40
39

38

Heat, {C)

37
36

35
0 100 200 300 400 500 600 700 800

Reynolds Number

——A —8—F —8—C D —@—E —8—F

Figure 4.6. Variation of Reynolds number with temperature in case of using civcular
perforated blanket
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It is useful to remember that the temperature here is the constant 35C
temperature on the impact surface before the hot air is blown. Accordingly,
the temperature rises to a maximum of 39.5°C in the range of approximately
97 to 700 Reynolds number as shown below in the circular perforated
blanket. This value may lead to a change from hypothermia to hyperthermia.
According to the table, the temperatures corresponding to the values of the
Reynolds number between 97 and 500 are within the tolerance limits.

As for the local points, A and F are at the ends, that is, they are closer
to the free current called “opening”. Points C and D are more in the centre.
Therefore, the highest temperatures were obtained at C and D and then at B
and E. The lowest temperatures were found at A and E

Table 4.2 shows the temperatures varying with Reynolds number at the
local measurement points for the triangular hole. Similarly, Figure 4.7 shows
the graphical representation of the table. As can be seen, the values here
are close to the values of the circular hole. However, the temperatures are
slightly lower at each point compared to the circular hole. This means that
heat transfer is less.

Table 4.2. Reynolds number dependent temperatures of local measurement points for o
triangular hole

Re A B C D E F

96.76096 36.12568 36.25479 36.29652 36.30214 36.25123 36.12258

105.0534 36.52121 36.60156 36.70198 36.69845 36.60145 36.51465

111.6172 36.61237 36.69878 36.71249 36.78254 36.69725 36.61789

143.5665 36.73223 36.77658 36.84322 36.83387 36.77554 36.73145

175.5732 37.06557 37.25152 37.36298 37.38456 37.22362 37.07897

182.9526 37.16878 37.43567 37.45944 37.51254 37.42791 37.16978

238.6707 37.58967 37.61489 37.77778 37.78324 37.61112 37.57894

245.2231 37.61232 37.69158 37.70889 37.80154 37.69222 37.59781

312.1753 37.78689 37.71233 37.98716 38.96778 37.75513 37.79258

392.1013 37.72153 37.83159 38.01222 38.09833 37.85778 37.70175

436.1178 37.73149 3798795 38.39450 38.46664 37.93978 38.01551

450.819 37.99156 38.13597 38.45844 38.44156 38.10145 38.10155

523.8972 38.21589 38.28889 38.66667 38.68554 38.29444 38.35895

561.6035 38.56838 38.67893 38.73322 38.73124 38.65898 38.61245

667.8714 38.78229 38.84788 38.95518 38.99781 38.80889 38.71254

669.02 38.97821 39.00212 39.01166 39.01546 39.02712 38.92891

689.4064 39.00153 39.10122 39.15467 39.38889 39.10250 39.10054

700.1 39.22293 39.50782 39.56328 39.72222 39.60158 39.23548
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Figure 4.7. Vaviation of Reynolds number with temperature in a tviangular perforated
blanket

Table 4.3 shows the temperatures of the local measurement points for
the square hole varying with Reynolds number. Figure 5.8 shows the data
graphically.

Table 4.3. Reynolds number vavying temperatures of local measuvement points for
square hole

Re A B C D E F

96.76096 36.381212 36.40785 36.45673 36.45789 36.3727  36.35478

105.0534 36.73884 36.70667 36.72222 36.73333 36.72452 36.71652

111.6172 36.85112 36.98425 36.97456 36.98889 36.85122 36.84458

143.5665 36.92312 37.01248 37.14444 37.16667 36.92128 36.92148

175.5732 37.23357 37.34582 37.44548 37.46878 37.35445 37.23455

182.9526 37.38764 37.45769 37.64545 37.66789 37.78929 37.44667

238.6707 37.78555 37.91245 37.92545 3792154 37.83137 37.75445

245.2231 37.98454 37.99238 38.10045 38.10011 37.91245 37.76454

312.1753 38.01245 38.01984 38.10556 38.10725 38.10524 38.08478

392.1013 37.83333 38.12533 38.24544 38.24978 38.36787 38.21555

436.1178 38.10454 38.20111 38.56889 38.55121 38.43158 38.45178

450.819 38.21544 38.36645 38.67244 38.6756  38.34578 38.39971

523.8972 38.48889 38.69458 38.76667 38.79778 38.49551 38.49754

561.6035 38.89454 38.90122 38.91240 39.00012 38.81234 38.81245

667.8714 39.10545 39.12544 39.05556 39.10123 39.01889 38.94444

669.02 39.45878 39.51298 39.12545 39.25787 39.43258 39.48981

689.4064 40.01455 40.10111 39.36667 39.38381 39.25445 39.24454

700.1 40.32455 40.42128 39.54648 39.54789 39.34555 39.38785
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Figure 4.8. Varviation of Reynolds number with tempevature in case of using square hole
blanket

Itis obvious from both tables and figures that the highest body temperature
values in terms of temperature were obtained from the square hole blanket.
A serious temperature increase was observed in the square hole blanket,
especially at Reynolds number values above 500, which could damage
healthy tissues and even put the body into an unwanted hyperthermia.

The relationship between heat transfer coefticient and Reynolds number
is shown in Figure 4.9, which is drawn to make a comparison in terms of
heat transfer in the system. It is seen that the highest heat transfer is observed
tor the blanket with square holes. However, it should be remembered that
the thermal problem considered here is not a problem where continuous
increase in temperature is desired. After a certain temperature, increasing
temperature is not beneficial but harmful.
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Figure 4.9. Vaviation of the Reynolds number with the coefficient of heat transfer

5. Results

This work is believed to be one of the pioneering investigations
considering the energy efticiency of therapeutic heating devices. An operating
room has several energy-using apparatus and their energy inefficiencies are
compounded by the need to remove energy from the operating room that is
not used for therapeutic purposes.

The equipment used to extract the wasted energy is itself highly energy-
intensive. At a time when energy saving issues are being taken seriously,
considerations such as the one made here are important. Indeed, there is
considerable interest in whether new technologies in the operating room
are cost-effective from society’s perspective [12]. For the specific heating
devices studied here, which serve to defend against hypothermia, the
experimental results show a wide range of energy efficiency among the
various products investigated. In order to achieve a level playing field, care
was taken to study two commercial versions of each of the selected categories
of heating devices, convection heating using preheated air and direct contact
conduction heating, respectively. The primary expectation was that direct
contact conduction devices as a category would be more energy efficient
than convective air heating as a category. The experimental data reveal that
the characteristics of the individual devices play a greater role in terms of
energy efficiency than the category. In particular, the most efticient device
was a direct contact heating device, the second most efficient device was a
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convective heating device, the third device was a direct contact device and
the last was a convection heating device. These findings suggest that the use
of appropriate insulation and the suppression of external heat loss pathways
should be considered in the design of patient heating devices. It is these
factors that create significant differences in the energy use efficiencies of the
analysed devices in the same category.
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Bolim 9

Sera Gazlarinin Azaltilmasinda Biyokiitlenin
Rolii ve Coziim Onerileri

Kamil Kaygusuz'

Ozet

Uzerinde yasadigimiz yer kiirenin iklimi son yarim vyiizyilda atmosfere
salinan insan kaynakli sera gazlarinin dogal sera etkisini artirmasindan
dolayr 1sinmaktadir. Sera gazi emisyon salinim senaryolarina dayanan
farkli iklim modelleri, 21°nci yiizyilda yagadigimiz yerkiirede 6nemli iklim
degisikliklerinin olacagini 6ngérmektedir. Bu iklim degisikliklerini 6nlemenin
ve bu degisikliklerin, dogal ekosistemler ve insan saghig: iizerindeki olumsuz
etkilerini en aza indirmenin en iyi yolu ise, insan kaynakl sera gazi salinimlarini
azaltmak ve ormanlar gibi karbon tutucu ortamlari gogaltmaktir. Insan kaynakl
sera gazi salimmlarmm 6nemli bir boliimii enerji tiretimi ve kullanimryla
iliskili oldugu i¢in, yeni teknolojilerin ¢ogu, fosil yakit yakan sistemlerin
verimliliginin iyilestirilmesine, enerji tasarrufunun arttirilmasina ve diigiik ya
da sifir karbonlu enerji kaynaklarinin gelistirilmesine odaklanmaktadir. Bu
baglamda basta ormanlar olmak tizere canlilar i¢in hayati 6neme sahip tiim
biyokiitle kaynaklarinin etkili ve verimli bir sekilde artirihp kullanilmas: sera
gaz1 emisyonlarinin azaltilmasinda da 6nemli bir rol oynayacaktir.

1. GIRIS

Enerji, canlilar i¢cin her zaman vazgecilmez bir unsur olmustur.
Giiniimiizde ihtiyaglarin arttig1 ve ¢agin getirdigi yeni alanlara iligkin titketim
aliskanliklarinin  degistigi  bilinmektedir. Yiiksek tiiketim aligkanligina
dayali ihtiyaglarin tiretim yoluyla piyasa tarafindan kargilanmasi 6nem arz
etmektedir. S6z konusu iiretimin ise en temel iki girdisi hammadde ve enerjidir.
Enerjinin, titkenme tehlikesi altinda olan yenilenemeyen enerji kaynaklari

tarafindan tiretilmesinin yarattig1 ¢evresel tahribat, sosyo-ekonomik sorunlar
ve 1973 Birinci Petrol Krizi olarak tabir edilen enerji darbogazinin yikic

1 Karadeniz Teknik Universitesi, Fen Fakiiltesi Kimya Boliimii, 61080 Trabzon, Tiirkiye
E-mail: kamilk@ktu.edu.tr
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etkileri sonucunda, enerjiye duyulan ihtiyacin karsilanmasi igin diinyada
alternatif enerji kaynaklarinin geligtirilmesi bir zorunluluk haline gelmigtir.
Fosil yakitlara alternatif olabilecek enerji kaynaklar: arayigi ise zaten gesitli
sekilde kullanilmakta olan ancak fosil yakitlar ile rekabet edemediginden arka
planda kalan yenilenebilir enerji kaynaklarini tekrar giindeme getirmistir
(Akova, 2008; Acaroglu, 2013).

Enerji talebinin artmasi ve beraberinde fosil yakitlarin kullaniminin
arttirlmast sonucunda kirletici gazlarin atmosfere salinimi artmustir. Tklim
degisikligi ve sera gazi etkisinin kiiresel 1sinmaya yonelik duyarhligin arttigy
giiniimiizde uluslararas1 gergeve anlagmasi Kyoto Protokoliinii ve bunu
takip eden Paris anlagmasini imzalayarak karbondioksit ve sera gazi salinimi
azaltmay1 taahhiit eden iilkeler i¢in en azindan iiretim agamasinda atmosfere
sera gazi emisyonu vermeyen yenilenebilir enerji kaynaklar1 ¢6ziim olarak
goriilmektedir. Higbir iiretimin ¢evreye etkisi olmadan vyiiriitiilemeyecegi
gercegiyle yenilenebilir enerji kaynaklarinin da gevreye etkileri olacagi goz
ard1 edilmemelidir.

Devletlerin ekonomik biiytime hedefleri, sanayilesme, niifus artigi,
teknolojinin yayginlagmasi ve refah seviyesinin yiikselmesi ile dogru orantili
olarak enerji tiiketiminde artigin kargilanmas1 amaciyla Tiirkiye gibi fosil yakit
rezervinin enerji ihtiyacini kargilayamadigi ekonomilerde enerji talebinin
ithalat yoluyla giderilmesi gerekmektedir. Ithalat ise 6demeler bilangosu
tizerinde baski olugturmakta ve cari agiga neden olmaktadir. Yenilenebilir
enerji kaynaklarinin ise enerjinin yerlilestirilmesi ve enerji giivenliginin
saglanmasi noktasinda biiyiik 6neme sahip oldugu bilinmektedir (ETKB,
2022).

Giiniimiizde Tiirkiye bagta olmak tizere kiiresel olgekte biitiin iilkeler
yenilenebilir enerji kaynaklarindan elde edilen enerji miktarini ve gesitliligini
arttirma stratejisi igerisindedir. Yenilenebilir enerji kaynaklarindan olan
biyokiitle enerjisi yeryiiziinde en yaygin bulunan ve insanlik tarihi kadar eski
bir enerji kaynagi durumundadir. Bununla birlikte biyokiitle enerji kaynag:
materyalleri elektrik, 1s1 ve yakit ihtiyacimin kargilanmasi, depolanabilir
olmasi, enerji liretiminde iklimsel kogullardan diger yenilenebilir enerji
kaynaklarina gore daha az etkilenmesi ve atiklarin bertaraf edilmesi basta
olmak tizere diger birincil enerji kaynaklarma gore bir¢ok Ustiin tarafi
bulunmaktadir (EIGM, 2020 ve 2022).

2. SERA GAZI EMISYONLARI VE SERA ETKISI

Atmoster gesitli gazlarin karigimindan olugur ve buna ek olarak da daha
kiigiik miktarlarda asal gazlar bulunur. Atmosferi olugturan ana gazlar, Azot
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(% 78.08), Oksijen (% 20.95) ve Argondur (% 0.93). Bunlara gore daha
kiigiik bir orana sahip olan diger bir 6nemli gaz ise Karbondioksittir (%
0.03). Yeryiiziiniin termal dengesi igin, giinesten aldig1 enerji kadar enerjiyi
uzaya vermesi gerekir. Giines enerjisi yeryiiziine kisa dalga boyuna sahip
radyasyon (151n1m) olarak ulagir ve gelen radyasyonun bir boliimii yeryiiziiniin
ylizeyinde, bir boliimii troposferde, bir kismi ise atmosfer tarafindan tekrar
uzaya yansitilir (Giiler, 2020).

Atmosferdeki gazlar yerytiziindeki 1sinin bir kismini tutar ve yeryiiziiniin
1s1 kaybina engel olur. CO, havada en ¢ok 1s1 tutma o6zelligi olan gazdur.
Atmosferin, 15181 gegirme ve 1s1y1 tutma Ozelligi vardir. Atmosferin 1siy1
tutma yetenegi sayesinde sularin sicakhigi dengede kalir. Boylece nehirlerin
ve okyanuslarin donmasi engellenmis olur. Bu sekilde olusan atmosferin
1sitma ve yalitma etkisine sera etkisi denir. Atmosfer cam seralara benzer bir
ozellik gosterir (Giiler, 2020).

Atmosfer de 1s1y1 tutan gazlar, sera gazlar1 olarak adlandirilirlar. Bazi sera
gazlar1 dogal olarak olusur fakat insan faaliyetlerinden dogrudan veya dolayl
olarak etkilenir. Diger baz1 sera gazlari ise tamamen insan faaliyetleri sonucu
(antropojenik) meydana gelir. Dogal olarak olugan sera gazlarindan bazilart
sunlardur:

* Su buhar1 (H,0),

* Karbon dioksit (CO,),
* Ozon (O,),

* Metan (CH,),

* Nitrit oksit (N,O)

Insan faaliyetleri sonucu olugan sera gazlari ise; kloroflorokarbon (CECs),
hidrokloroflorokarbon (HCFCs), hidroflorokarbon (HFCs) (hepsine genel
olarak halokarbonlar da denir) ve florid bilesigi olan kiikiirt hekzaflorid
(SF,) gazlaridir.

Sanayi devrimi ile birlikte, 19. yiizyil ortalarindan itibaren, 6zellikle fosil
yakitlarin kullanimu, yanls arazi kullanimi ya da siiregelen arazi kullaniminin
degisimi, ormansizlasma, sanayilesme gibi insan kokenli ekinliklerin
sonucunda atmosferde sera gazlari oraninda hizli bir artis goriilmiistiir.
Kiiresel bazda ortalama hava sicakliklari, gegen yiizyilda 0,4-0,8 °C arasinda
artmistir. Bu 1isinma gegen 1000 yilin herhangi bir donemindeki artigtan daha
biiyiik ve dikkat ¢ekicidir. Kiiresel iklimde gozlenen 1sinmanin yani sira, en
gelismis iklim modelleri, kiiresel ortalama yiizey sicakliklarinda 1990-2100
doneminde 1,4-5,8 °C arasinda bir artig olacagini 6ngormektedir. Kiiresel
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sicakliklardaki artiglara bagl olarak da, hidrolojik dongiiniin degismesi,
kara ve deniz buzullarinin erimesi, kar ve buz Ortiisiiniin alansal daralmasi,
deniz seviyesinin yiikselmesi, iklim kugaklarinin yer degistirmesi ve ytiksek
sicakliklara bagli salgin hastaliklarin ve zararlilarin artmasi gibi diinya
Olgeginde sosyo-ekonomik sektorleri, ekolojik sistemleri ve insan yagamini
dogrudan etkileyecek ©6nemli degisikliklerin olugacagr beklenmektedir

(Nelson, 2011; Giiler, 2020; IPCC, 2022).
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Sekil 1. Sera etkisinin sematik olavak izah.

Kiiresel sicakliklardaki artiglara bagh olarak da, hidrolojik dongiiniin
degismesi, kara ve deniz buzullarinin erimesi, kar ve buz ortiisiiniin alansal
daralmasi, deniz seviyesinin yiikselmesi, iklim kugaklarinin yer degistirmesi ve
yiiksek sicakliklara bagl salgin hastaliklarin ve zararhlarin artmasi gibi diinya
Olgeginde sosyo-ekonomik sektorleri, ekolojik sistemleri ve insan yagamini
dogrudan etkileyecek Onemli degisikliklerin olusacagi beklenmektedir.
Sekil 2 de son 250 yilda bazi sera gazlarinin konsantrasyonlarindaki artig
goriinmektedir.
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Sekil 2. Son 250 yddan itibaven bazi seva gazlar: konsantrasyonlavmdaki artis (IPCC,
2022).

Kiiresel sicakliklardaki artiglara bagl olarak da, hidrolojik dongiiniin
degismesi, kara ve deniz buzullarinin erimesi, kar ve buz ortiistiniin alansal
daralmasi, deniz seviyesinin yiikselmesi, iklim kugaklarinin yer degistirmesi ve
yiiksek sicakliklara bagl salgin hastaliklarin ve zararhlarin artmasi gibi diinya
Olgeginde sosyo-ekonomik sektorleri, ekolojik sistemleri ve insan yagamini
dogrudan etkileyecek o6nemli degisikliklerin olusacagi beklenmektedir.
Diger taraftan, iklimbilimciler tarafindan diinyanin ikliminde bir bozulma
oldugu kabul edilmektedir ve gerekli tedbirler alinmadan dogal dengenin
bozulmasina sebep olan etkinliklerin devam etmesi neticesinde, sonucun
diinya igin ¢ok olumsuz sonuglar dogurabilecegini agik¢a belirtmektedir.
Begeri nedenlerden dolayr atmosferde sera gazi birikimi ve partikiil madde
miktarinda meydana gelecek olan artigin, kiiresel 1sinma ile sonuglanacag:
diisiiniilmektedir (Kaygusuz, 2010; Sozen ve dig. 2017; Giiler, 2020; IEA,
2022; Ayan, 2022).

Iklim sistemi i¢in 6nemli olan dogal etmenlerin baginda sera etkisi
gelmektedir. Bitki seralar1 kisa dalgali glines 1sginimlarini gegirmekte, buna
kargilik uzun dalgali yer (termik) 1smniminin biiyiik boliimiiniin kagmasina
engel olmaktadir. Sera iginde tutulan termik 1sinim seranmn isinmasini
saglayarak, hassas ya da ticari degeri bulunan bitkiler i¢in uygun bir yetisme
ortami olugturmaktadir. Benzer gekilde CO, ortiisii, yerkiireden yansiyan
uzun dalga radyasyonunu tutar. Uzun dalga radyasyonunun yakalanmasi
kuantum mekanigi tarafindan belirlenir. CO,’deki Oksijen atomu, merkezde
bulunan Karbon atomu ile titregir ve bu titresimin frekanst uzun dalga
radyasyonunun kizilotesi dalga boylarnin bazilar1 ile ¢akigir. Diinya
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yiizeyindeki ve atmosferdeki radyasyonun frekansi, CO, titresim frekansi
ile cakigtiginda, radyasyon CO, ile emilir ve diger hava molekiilleriyle
carpigarak 1s1tya doniistiiriiliir ve daha sonra yiizeye geri verilir. Bu emilimin
bir sonucu olarak, giden uzun dalga radyasyonu CO,’yi arttirarak azaltilr.
Net gelen giines radyasyonunu dengelemek igin fazla 1s1 kaybedilmez. Bu
da gezegende fazla 1s1 oldugu anlamina gelmektedir, yani sistemdeki enerji
dengesiz durumdadir. CO, zaman igerisinde arttikga, bu kizilotesi katman
kalinlagmakta ve Diinya bu enerji fazlahigini biriktirmektedir (Giiler, 2020).

Ortalama kogullarda, uzaya kagan uzun dalgali yer 1gmnim1 gelen Giineg
isginimi ile dengede oldugu igin, Yerkiire/atmosfer birlesik sistemi, sera
gazlarimin bulunmadigr bir ortamda olabileceginden daha sicak olacaktir.
Atmosferdeki gazlarin gelen Giines 1g1nimina kargi gegirgen, buna kargilik
geri salman uzun dalgal yer 1gmnimina kargt ¢ok daha az gegirgen olmasi
nedeniyle Yerkiire’nin beklenenden daha fazla isinmasini saglayan ve 1s1
dengesini diizenleyen bu dogal siire¢ sera etkisi olarak adlandirilmaktadir
(Giiler, 2020).

Diinyanin enerji dengesindeki degisime kiiresel 1sinma denmektedir.
Dogal etmenlerden ¢ok insan faaliyetleri sonucu atmosferdeki miktarlar1 hizla
artan sera gazlari, kiiresel 1s1nma ve buna bagl olarak da iklim degisikligi
problemini 6nemli hale getirmigtir. Yaklagik 30 yil 6nce, hava kirliliginden
dolay1 troposferik ozonun artmast ile (NOx, CO ve digerleri) bunun 6nemli
bir sera gazi etkisi donemi oldugu fark edilmigtir. Modern iklim degisikligi,
dogal degiskenligin smurlarin1 asacak kadar biiyiik olan insan etkileri
tarafindan kontrol edilmektedir. Ozellikle atmosferdeki birikimi ve yasam
siiresi dikkate alindiginda, bu sera gazlar1 arasinda CO, 6ne ¢ikmaktadir
ciinkii sera gazlari arasinda 1s1y1 en fazla tutma ozelligine sahip olan gaz

CO,dir (IPCC, 2022).

Sera etkisinin %20’sini meydana getiren diger bir gaz ise Metandir.
Karbondioksite nazaran 20 misli daha 1s1 tutucu bir rol oynamaktadur.
Metan gazi, organik ariklarin anaerobik ortamlarda pargalanmasi sonucu,
tosil yakitlarin tam olarak yanmamasi durumlarinda, komiir, dogalgaz ve
petroliin {iretim ve taginmasi sirasinda atmosfere salinabilmektedir. Diger
Metan kaynaklar1 ise ¢opliik, bataklik piring tarlasi gibi diisiik oksijen
seviyesine sahip ortamlar ile giibrelerdir. Azot oksitleri i¢inde en 6nemlisi
diazot monoksittir. Sera etkisinin %15’inin bu gazdan kaynaklandig:
diigtiniilmektedir. N, O, tarim, enerji, endiistriyel ve atik yonetimi gibi
alanlarinda, topraktaki ve sudaki biyolojik prosesler ve gesitli antropojenik
faaliyetlerle tiretilir (IPCC, 2022).
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Diger taraftan N,O {ireten insan kaynakli faaliyetler, tarimsal toprak
yonetimi, sabit yakma, motorlu tagitlarda yakma, giibre yonetimi ve nitrik
asit iiretimidir. Toplam N,O emisyonlar1 CO, emisyonlarindan ¢ok daha
diistik olmakla birlikte, N,O, atmosferde olugabilecek 1sinmada CO,’den
yaklagik 300 kat daha giigliidiir. Hiikiimetlerarast Iklim Degisikligi Paneli
(IPCC), gesitli sera gazlarmin sera etkisi kapasitelerini karsilagtirabilmek
amact ile Kiiresel Istnma Potansiyeli (GWP) kavramini geligtirmigtir. Burada
referans gaz olarak CO, kullanilmaktadir ve GWP agirlikli emisyonlar CO,

esdegeri olarak verilmektedir.

Ulkemizde ise TUIK (2020) verilerine gore 2018 yilinda gergeklesen
toplam 521 Metrik ton diizeyindeki sera gazi emisyonu, 1990 yilina gore
%138 artig ve 2017 yilina gore %0,5 diisiis gerceklestigini isaret etmektedir.
2018 yilinda kati yakitlarin elektrik tretimindeki paymndaki farklilagma
sonucunda emisyonlar, nemli olmayan bir diizeyde azalmugtir. Ayrica Sekil
I’de goriildiigii tizere 1990 ve 2018 yillar1 arasinda CO, emisyonlar ile
birlikte toplam emisyonlarda da artig egilimi s6z konusuyken, CH,, N,O
ve Florlu gazlarin (F-gases) emisyonlarinda 6nemli ol¢iide bir degisiklik
gozlenmemektedir. Bu durumun yani sira 1990 yili ile karsilagtirildiginda
2018 yilinda toplam CO, emisyonlar1 %176,7, CH, emisyonlar1 %35,8 ve
N,O emisyonlar1 %56,8 diizeyinde artmug gostermigtir. Sekil 3, Tiirkiye’de
sektorlere gore gergeklesen sera gazi emisyon degerlerini gostermektedir
(TUIK, 2020).

mEnperji mIPPU mTanm mAak

Sekil 3. Tiirkiye'de sektoriere gove gerceklesen sera gaze emisyonlary (CO, esdegeri) TUIK
(2020).

Diine kadar yenilenebilir enerji yatirimlarinin en biiyiik dejavantaji ilk
kurulum maliyetlerinin yiiksekligi idi. Fakat son yillarda maliyetlerdeki
diigiis yenilenebilir enerjiden elektrik tiretimini fosil kaynaklara gore daha
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avantajli hale getirmistir. Birde buna gevresel etkiler ilave edildiginde
yenilenebilir ve temiz enerji kaynaklar1 6ntimiizdeki yillarda ¢ok daha 6nemli
ve kullanigh hale gelecektir. Bu maliyetlerin kargilanmasinda finansman ve
destekleme mekanizmalarinin tercihi 6nem arz etmektedir. Globallegen
diinyada yenilenebilir enerji kullanim trendi hizli bir sekilde yiikselmeye
devam etmektedir. Bu yiikselig trendi 6zellikle giines enerjisi, riizgar enerjisi
ve biyokiitle enerjisinde yogunlagmustir.

3. BIYOKUTLE ENERJISI

3.1. Giris

Biyokiitle, yasayan ya da yakin zamanda yagsamig canlilardan elde edilen
fosillesmemis tiim biyolojik malzemenin genel adidir. Yiiz senelik bir
donemden daha kisa ya da bir insan 6mrii siiresince kendisini yenileyebilen,
icerisinde hidrokarbon barindiran, yetigen bitkiler, tarimsal atiklar, hayvan
atiklari, gida endiistrisi, orman atiklar1 ve kentsel atiklar igeren tiim organik
maddeleri igerir. Glines 15181 vasitasiyla fotosentez yapan yesil bitkilerin
trettikleri kimyasal enerjiyi depolamasi sonucu meydana gelen biyolojik
kiitle ve buna bagh organik madde kaynaklar1 bitkisel biyokiitle olarak
tanimlanmaktadir. Sekil 4°de iirtin olarak karbon igerikli seker olusumunu
veren fotosentez reaksiyonu goriilmektedir.

GUONES ENERJISI

CO, + H,O =l C.H,.O,6 + O,
%ﬂ- Su :%'mnﬁi _c:_;m Oksuen

Sekil 4. Seker olusumunu gosteven fotosentez veaksiyonu. Bu reaksiyon endotermik
(Arsaridan st alan) bir reaksiyon olup gevekli enerji giines tavafindan saglanmaktadw:

Biyokiitle; biyolojik kokenli, fosil olmayan organik madde kiitlesidir.
Biyokiitlenin kimyasal igeriginde karbonun yani sira hidrojen (H), oksijen
(O), azot (N) ve daha kiigiik oranlarda alkali, alkali toprak ve agir metaller
igeren atomlar vardir. Ana bilesenleri, karbonhidrat bilesikleri olan bitkisel
veya hayvansal kokenli tiim dogal maddeler biyokiitle enerji kaynagi, bu
kaynaklardan elde edilen enerji ise, biyokiitle enerjisi olarak tanimlanir.
Diger bir ifadeyle, yiizyilllik donemden daha kisa siirede yenilenebilen,
karada ve suda yetisen bitkiler, hayvan artiklari, besin endiistrisi ve orman
triinleri ile kentsel atiklari igeren tiim organik maddeler biyokiitle olarak
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tanimlanabilir. Biyokiitle madde kaynaklar1 ¢ok gesitli olmakla beraber genel
anlamda karasal, su kaynakli ve atiklar olmak {izere ii¢ farkhi kategoride
siniflandirlabilirler. ekil 5’de biyokiitle hammaddelerinin siniflandirilmasi
gosterilmistir (S6zen ve dig., 2017).

Biyokiitle madde kaynaklari
Karasal Suda yasayan Atiklar
-Orman bitkileri -5u yosunlar -Endstriyel atikiar
-Cimenler -Algler -Sehir attklari
-Enerji bitkileri -Hayvansal atrkiar
~Diger bitki artikian

Sekil 5. Biyokiitle madde kaynaklavinm simiflandwilmas:.

Biyokiitle, gelismekte olan iilkeler igin uygulama alaninin genis olmasi
ve yerel bazli kaynaklar igerisinde yer almasindan oOtiirii enerji ihtiyac
konusunda disa bagimlhiligi azaltabilecek 6nemli bir unsurdur. Biyokiitle,
sadece yenilenebilir enerji kaynag olmasi degil, ayni zamanda hammaddenin
her yerde yetigtirilebilmesi, gevrenin korunumuna destekte bulunmasi, sosyo-
ckonomik geligim saglamasi ve Ozellikle motorlu tagitlar igin yakit eldesi
vermesi nedeniyle de 6nem arz etmektedir. Biyokiitle canlilarin yagaminda
hayati 6neme sahiptir. Sekil 6°da biyokiitleden enerji tiretiminde alternatif
yontemler gosterilmektedir.

Hammadde Kaynag

Tarm Auklan

Hayvan Atklan Kat
Biyokutle
Orman Atiklan

Endiistriyel
Atiklar

Ekinler

Islak
Biyokite

Ligno:
RETMINELGES

Sekil 6. Biyotkiitle den enerji tivetiminde alternatif yontemler (Acarvoglu, 2013).
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Biyokiitle; biyolojik kokenli, fosil olmayan organik madde kiitlesidir.
Biyokiitlenin kimyasal igeriginde karbonun yani sira hidrojen (H), oksijen
(O), azot (N) ve daha kiigiik oranlarda alkali, alkali toprak ve agir metaller
iceren atomlar vardir. Ana bilegenleri, karbonhidrat bilegikleri olan bitkisel
veya hayvansal kokenli tiim dogal maddeler biyokiitle enerji kaynagi, bu
kaynaklardan elde edilen enerji ise, biyokiitle enerjisi olarak tanimlanir.
Diger bir ifadeyle, yiizyilhk donemden daha kisa siirede yenilenebilen,
karada ve suda yetigen bitkiler, hayvan artiklari, besin endiistrisi ve orman
trtinleri ile kentsel atiklari igeren tiim organik maddeler biyokiitle olarak
tanimlanabilir. Ayrica 5346 sayili Yenilenebilir Enerji Kaynaklarinin Elektrik
Enerjisi Uretimi Amagh Kullanimma Tligkin Kanun’da “Organik atiklarin
yami sira bitkisel yag atiklari, tarimsal hasat artiklar1 dahil olmak tzere,
tarim ve orman tiriinlerinden ve bu tiriinlerin iglenmesi sonucu ortaya ¢ikan
van triinlerden elde edilen kati, sivi ve gaz halindeki yakitlar olarak” da
tanimlanmustir (Tirink, 2022).

Biyokiitle enerjisi giines ve riizgar gibi kesintili degil, siirekli enerji saglayan
titkenmez bir enerji kaynagidir. Her yerde yetigtirilebilmesi, 6zellikle kirsal
alanlar i¢in sosyal ve ekonomik geligmelere yardimcr olmasi nedeniyle uygun
ve onemli bir enerji kaynagidir. Biyokiitle madde kaynaklar: ¢esitli olmakla
beraber genel kapsamda karasal, su kaynakli ve atiklar olmak tizere g farkl

kategoride siniflandirilabilirler (Ayan, 2022).

Biyokiitle dogrudan yakilarak veya gesitli siireglerle yakit kalitesi arttirilip
mevcut yakitlara esdeger Ozelliklerde alternatif biyoyakitlar (biyodizel,
etanol, biyogaz) elde edilerek enerji teknolojisinde degerlendirilmektedir.
Biyokiitleden elde edilen yakitlardan en g¢ok kullanilani biyodizel; kanola,
aygigegi, soya, aspir gibi yagh tohum bitkilerinden elde edilen yaglarin ya da
hayvansal yaglarin bir katalizor egliginde kisa zincirli bir alkol ile (metanol
ya da etanol) reaksiyonu sonucunda agiga ¢ikan ve yakit olarak kullanilan
bir iriindiir. Evsel kizartma yaglar1 ve hayvansal yaglar da biyodizel
hammaddesi olarak kullanmilabilmektedir. Karigtirma oran1 2005 yilinda %2
olarak gergeklesirken, 2030 yilina kadar %30’ ¢ikarilmasi hedeflenmistir.
Ayrica ililkemizde 16.06.2017 tarihli ve 30098 sayili Resmi Gazete’de
yayimlanan Enerji Piyasast Diizenleme Kurumu (EPDK) Motorin Tirlerine
Biodizel Harmanlanmas1 Hakkinda Tebligin 5. Maddesinde “Dagitici lisansi
sahipleri tarafindan, bir takvim yili igerisinde, ithal edilen ve kara tankeri
dolum {initeleri hari¢ rafinericiden temin edilen motorininin toplamina,
en az %0,5 (V/V) oraninda yerli tarim iiriinlerinden ve/veya bitkisel atik
vaglardan iiretilmis biodizel'in harmanlanmig olmasi zorunludur.” ibaresine
yer verilmig olup, s6z konusu teblig 01.01.2018 tarthinde yiirtirliige girmistir
(Resmi Gazete, 2017; EPDK, 2018).
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3.2. Biyokiitle Enerjisi Olusumu

Bitkiler dogal denge ve ekosistemin yagamsal dongiisii igerisinde besin,
enerji ve endiistriyel hammadde kaynagidir. Yesil bitkiler her daim bir enerji
kaynagdir.

Solar Radyasyon Enerjisi
Besinler

Seker, yag, nizasta, selilez, lignin, protein

Biomass |

3
Yanma
6C0, + 6H,0 =D 60, + CHi,05 —) 6CO, + 6H,0 + ENERJ + KUL
Carbondicksit  Su Klorofil  Oksijen  giikgs
4\ (Bitki Ortlisi L T |

T

1S ENERJISI

Sekil 7. Yoars agik bir ckosistemde biyokiitle den enerji sivetimi (TOB, 2021).

Yesil bitkiler ekosistemdeki yagamsal dongiiniin saglanmasi, her daim
besin, endiistriye] hammadde ve enerji kaynagi olarak kullanilmasi Sekil
7de goriildiigii gibi glines yardimu ile 151k enerjisinin kimyasal enerjiye veya
organik maddeye doniigiimii ile gergeklestirilmektedir. Bu doniigiim sirasinda
gerceklesen tepkime ise fotosentez tepkimesidir. Fotosentez tepkimesi
ile olusan organik yapili molekiiller tretilirken, solunum igin zorunluluk
durumundaki O, atmosfere saliur. Biyokiitle enerji kaynag: materyallerin
biiylimesi ve gelisimini siirdiirebilmesi i¢in 131tk miktar1 ve klorofil katalizori
bagta olmak iizere bir¢ok parametre onemli etki gostermektedir. Giines
191g1n1n biyoenerji kaynagi materyal tarafindan tutulma miktart maksimum
%1 diizeyinde oldugu ongoriilmektedir (Ayan, 2022). Biyokiitle, organik
madde yapili tanecilleri kapsayan bir terim olarak kullanilir. Biyokiitle
tanim1 ormansal atiklar, tarimsal atiklar, kentsel atiklar, endiistriyel atiklar,
su i¢inde veya toprakta yetigen biitiin bitkiler, enerji ormanlar1 ve enerji
bitkiler vb. organik yapili maddeler ve atiklar bu tanimlamanin icerisindedir.
Biyokiitle enerji kaynagi envanter ve atiklarin hepsinin ortak 6zelligi yiiz
seneden daha az bir zaman diliminde tekrardan yenilenebilir olmasidir. 150
yil 6ncesine kadar en 6nemli biyokiitle enerjisi kaynagr odun olmugtur. 19.
yy. da biyokiitle enerjisinden yararlanma sadece odun, gali-girpr yakilmasi
ile kargilanmaktaydi. Sanayi devrimi ile 20. yy. ortalarinda biyokiitle enerji
kaynag1 olarak odunun yaninda seker pancari, misir bagta olmak tizere birgok
tarimsal iriinlerden de yararlamlmugtir. Giiniimiizde ise biyokiitle enerji
kaynaklari elektrik, yakit ve 1stnma ihtiyacinin kargilanmasi noktasinda gerekli
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modern doniisiim teknolojilerinde gergeklesen gevirim teknikleri yardimu ile
gerceklestirilmektedir (Toklu, 2017; Kandemir ve Sarptag, 2022).

3.3. Biyokiitle Enerji Kaynaklar1

Biyokiitle, bir canli tiiriine ait veya ayrigik canli tiirlerinden meydana
gelen bir topluma mensup hayatin1 devam ettiren organizmalarin muayyen
bir zamanda sahip oldugu toplam kiitle olarak ifade edilir (ETKB, 2022).
Biyokiitle enerjisini olugturan organik etmenler bitkisel ve hayvansal
kokenli molekiillerden olusan etmenlerdir. Bu biyokiitle enerjisini olusturan
materyaller ormanlardaki agaglar, zirai, kentsel ve endiistriyel kokenli
atiklar basgta olmak tizere bir¢ok bitkisel ve hayvansal kokenli organik yapili
bilesiklerden biyokiitle enerjisi tiretilmektedir (Toklu, 2017; Yildirim ve
Koger, 2022).

Literatiirde yapilan biitlin tanimlamalara bakildiginda  bitkilerin
totosentez yapmasi neticesinde dolayl veya dogrudan olugan organik karbon
yapisina sahip 6zlerin oldugu ifade edilebilir. Bitkisel ve hayvansal materyaller
dogrudan olusan biyokiitle enerji kaynagi olarak Ornek gosterilebilir.
Biyokiitle enerji kaynaklar1 yenilenebilir enerji kaynaklari arasinda diinyada
her noktada bulunabilen ¢ok genis bir yayilis alan1 olan enerji kaynaklaridir.

Biyokiitle enerjisinin en kiigiik ve basit metotlarla kullanimi yemek
pisirmek, evlerin sicak su ihtiyacini kargilamak hedefiyle yakilan ateglerdir.
Ortaya ¢ikan klasik teknoloji yapili biyokiitle enerjisini daha etkin ve
verimli bir bi¢imde kullanabilmek i¢in ¢evirim ve doniigiim teknolojileri
bulunmaktadir. Bu modern doniigiim ve gevirim teknolojilerinin etkin ve
verimli kullanilmasi sonucunda hem daha fazla enerji tiretimi hem de havaya
birakilacak sera gazlar1 miktarinda 6nemli 6lgiide bir azalig 6n goriilmektedir
(Rosillo-Calle et al., 2007).

3.3.1. Bitkisel Kokenli Biyokiitle Enerji Kaynaklar
Bitkisel kokenli biykiitle enerji kaynagi materyalleri su sekildedir;
* Yag degeri yiiksek tohumlu bitkiler (aygigegi, ¢igit, soya, yerfistigi,v.b.)

e Scker degeri yiiksek ve nigasta bazli bitkiler (bakla, piring, seker
pancari patates mercimek v.b.)

¢ Lif degeri oldukga yiiksek elyaf bitkileri (pamuk, keten, kenevir, jiit,
rami Hindistan cevizi v.b.)

* Biyokiitle enerji kaynagi protein bitkileri (karabugday Dbezelye,
mercimek, kinoa v.b.)
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* Bitkisel kokenli ve tarimsal biyokiitle enerji potansiyeli yiiksek
artiklardir (saman, giibre, yaprak, ot vb.).

3.3.2. Orman Biyokiitle Kaynaklar:

Odun ve odun digi orman iiriinlerinden elde edilen kaynaklardir. Bu
kaynaklar aga¢ ve ormanda yapilan silvikiiltiirel islemler sonucu ortaya ¢ikan
atiklardir (biyokiitle enerji potansiyeli yiiksek agaglar, biyokiitle enerjisi
yiiksek ozellikle olusturulan ormanlar ve enerji bitkileri).

3.3.3. Hayvansal Biyokiitle Enerji Kaynaklar:

Hayvansal kokenli biyokiitle enerji kaynagi saglayan materyaller elektrik
ve 1s1 ihtiyacini kargilanmasi noktasinda olduk¢a 6nemli yer tutmaktadir.
Biiytikbag hayvan digkilari, kiiglikbag hayvan digkilar1 ve kiimes hayvanlarinin
digkilar1, mezbahane atiklar1 vb. atiklar hayvansal kokenli biyokiitle enerji
kaynag olarak kullamlmaktadir (EIGM, 2022).

3.3.4. Atuklardan Elde Edilen Biyokiitle Enerji Kaynaklar:

Plastikler, karigik kagit, mukavva kanalizasyon atiklari, dip ¢amurlari,
sanayi ve gida sanayi atiklari, makinelerden arta kalan yaglar, ciiruf ve maden
atiklari, belediyeye ait tesislerin atiklar1 ve biiytik 6lgekli sanayi tesislelerine
ait atiklar 6rnek olarak gosterilebilmektedir (EIGM, 2022).

3.4. Biyokiitle Enerji Teknolojileri

Elektrik, 1s1 ve yakit iiretimi amagh kullamilan biyokiitle, kullanim yeri
ve misyonuna gore, klasik ve modern biyokiitle olarak ikiye ayrilir. Klasik
biyokiitle, yemek pisirmek, evlerin sicak su ihtiyacint kargilamak gibi insanin
temel ihtiyaglarin1 kargilamaya yonelik gelisjmemis veya gelismekte olan
tilkelerde ¢ok daha yaygin biyokiitle enerjisi tiretim yontemidir. Modern
biyokiitle enerjisi gerekli dontistim ve gevirim teknolojileri ile daha biiytik
Olgekte kullanilan, ortaya ¢ikan enerjiyi daha etkin ve verimli kullaniimasini
saglayan biyokiitle enerji iiretim yontemleridir (Ayan, 2022). Bunlar orman
atiklari, tarimsal atiklar, sehirsel atiklar, enerji bitkileri, endiistriyel atiklar
ve biyogaz gibi biyoyakitlar1 kapsar. Ayrica son zamanlarda trend olan
modern biyokiitle enerjisi tiretim kaynaklarindan birisi de uygulamalarda,
odun ve atiklarin yani sira “enerji bitkileri” olarak adlandirilan enerji tiretimi
misyonuyla hasat edilen bitkileri de kapsamaktadir (Karayilanlar ve dig.
2011; Basu, 2011; Acaroglu, 2013).

Geleneksel olarak biyoenerjiden faydalanma neredeyse insanlik tarihinin
baslangici olarak kabul edilen ¢aglara kadar gitmektedir. Insanligin atesi
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buldugu siire¢ten sonra 1sinmak ve yemek pigirmek igin biyokiitle enerjisi
kaynag1 olan odunu kullanmislardir. Modern biyoenerji tiretimi anlaminda
Pers Imparatorlugunun ve Asurlularin yikanma yerlerinin 1sitilmasinda
biyogaz bigimimde biyokiitle enerjisinden faydalandigi bilinmektedir
(Akavo, 2008). Biiyiik Britanya’da 1800’li yillarda lagim gazlarinin cadde
ve sokaklarin igiklandirilmasinda degerlendirildigi belirtilmektedir (Basu,

2011).

[ Yogh Tobum Bitlei | [ Esterifkesyon Biyodizel
Sekerli Bitkiler
Nisastal Bitkiler 1 — —] Etanol
~ = | Hidroliz/
S—| R
!":_; Gazlastima -
Chasiomecie | §_ ] P
Ci |
(I SR FE i Piroliz enzini
] Hidroj
Atk Yemeklk Yaglar : ojen
Omuan Atiklan T 1| Karbonizasyon
Er Lm
Sehirsel ve Metanasyon -
Endustriyel Atiklar g!wﬂ“m-
iyogaz
3 Organik Atklar Fotofermentasyon
¢ Bakferiler - Algler

Sekil 8. Biyokiitle Diniigiim Teknolojileri (Illeez, 2020).

Biyoenerji kaynaklari, biyokiitle enerjisi ¢evirim ve doniigiim prosesleri ve
son {irlin olarak elde edilen biyoyakitlar yukaridaki Sekil 8°de detayli olarak
belirtilmigtir. Modern dénem biyoyakit teknolojileri ile tiretilip kullanima
hazir hale getirilen bu yakitlar arasinda en genis kapsama sahip ve ticari olanlar;
biyodizel, biyogaz, biyoetanol ve odun hammaddesi kaynakli komiirdiir.
Sekil 8’de goriildiigii gibi atik yag orani yiiksek yemeklik yaglardan ve soya,
aycigegi, ¢igit gibi yag orami yiiksek tohumlu bitkilerden esterifikasyon
yontemi ile biyodizel tiretilmektedir. Glikoz orani yiiksek bitkiler, kentsel ve
endiistriyel atiklar, orman atiklari, saman, enerji bitkileri, nigasta igerigi yiiksek
bitkiler, enerji ormanciligi vb. biyokiitle enerjisi kaynaklardan fermantasyon
veya hidroliz ile biyoetanol iiretilmektedir. Kentsel atiklar ve endistriyel



Kamil Kaygusuz | 179

atiklardan ekzotermik bir reaksiyon olan metanlagtirma ile biyometan ve
biyogaz tiretilmektedir. Biyokiitle enerji kaynagi olarak yetistirilen enerji
bitkileri kuvvetli asit ¢ozeltisinden gegirilip 1s1nin etkisini kullanarak yakma
yani karbonizasyon yontemi ile odun komiirii elde edilmektedir. Algler,
biyobozunur atiklar ve bakterilerin biyohidrojen iiretimi i¢in kullanilan
fotofermantasyon ile biyolojik kokenli yakitlar elde edilebilmektedir.

Birbirinden farkli biyoenerji kaynaklarinin rutubet, kiil ve gorecegi 1s1l
islem degerlerinin farkliik gostermesi, biyokiitlenin enerjiye gevirim ve
doniigiim proseslerinde zamansal kayiplar bagta olmak iirere birgok problem
ortaya gtkmasina neden olmaktadir. Biyoenerjinin gevirim ve doniiglimiinde
fiziki olarak ortaya konulan firina siirme, fiziki form kiigiiltme, yogunlagtirma
ve kurutma vb. iglemlerin, termokimyasal reaktor ve doniisiim veya biyotiriin
olusumu i¢in mikrobiyal ¢evirim prosesleri oncesinde gergeklestirilmesi
gergeklesen doniigim  iglemlerinin uygulanabilirligini kolaylagtirmaktadir
(Karaca, 2009; Avcioglu, 2011).

Biyoenerjiden elde edilecek enerjinin niceligini ¢ogaltmak igin biyokiitle
kaynagindan nemi biiyiik Ol¢iide kaldirma yani kurutma iglemine bazi
durumlarda ihtiya¢ duyulabilmektedir. Biyokiitleden nemi biiyiik olgiide
kaldirma iglemi bulutsuz bir giinde giineg igiklarinin destegi ile diigiik
maliyetlerle yapilabilecegi gibi; cok yiiksek 1s1ya sahip firinlar ile endiistriyel
kurutma proseslerinde ¢ok kisa zaman diliminde, daha etkin ve verimli bir

bicimde de yapilabilmektedir (Kaputhan, 2014; Demir, 2017; Ayan, 2022).

Biyoenerjinin  yakit formu olarak degerlendirilmesinde, pelet ve
briketlerin iiretilmesinde fiziki olarak form kiigiiltme hemen hemen her
zaman gereksinim duyulan bir metottur. Biyokiitle enerji kaynaklarinin
boyutlarinin kiigiiltiilmesinin depolama boyutu ve tagima maliyetlerinin
azaltllmasina da olumlu etkisi bulunmaktadir (Isik ve Yavuz, 2022).

3.4.1 Biyokiitle Déniigiim Islemleri ve Teknolojileri

Biyokiitle yeryliziinde bulunan en yaygin yenilenebilir enerji kaynagidir.
Modern ¢evirim ve doniigiim teknolojileri ile biyokiitle 1s1, elektrik ve yakit
ithtiyacini kargilama noktasinda daha etkin ve verimli olarak kullanilabilir.
Giiniimiizde biyokiitle doniigiim islemleri ve teknolojileri ile modern
biyokiitle enerji tiretimi anlayigina katki sunmaktadir. Bu prosesler fiziksel
prosesler, termokimyasal prosesler ve biyolojik ve kimyasal proseslerden
olugmaktadir (Ayan, 2022).
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3.4.1.1. Fiziksel Prosesler

Bu prosesler 6giitme, kurutma, pelletleme ve biriketleme iglemlerini
kapsamaktadir.

1. Kurutma: Kurutmanin temel hedefi, biyoenerji kaynaginin ¢iirlimeden
veya enerji degerini kaybetmeden uzunca bir zaman dilimince saklanabilir
ve depolanabilir olmasina imkan saglamaktir. Biyokiitle enerji kaynagini
kurutma iglemi; sicak hava ile kurutma, giineste 1ginlari ile belirli bir zaman
diliminde biyokiitle enerji kaynagimin kurumasini bekleme ve vakum ile
kurutma gibi fiziksel bir proses olarak da uygulanabilir. Endiistriyel firin,
mikrodalga, rotari kurutma gibi modern teknolojiler ile biyokiitle enerji
kaynaginin fiziksel olarak nemini alarak yapilan kurutma metotlar1 da vardir
(Uggiil & Akgiil, 2010).
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Sekil 9. Biyokiitle Kurutma Sistemi (MMO, 1999).

Odunun gazlagtiricr sistemde kullanilabilmesi i¢in odun i¢indeki nem
miktarinin ayarlanmasi gerekir. Bu da ancak kurutma islemi ile gergeklesir.
Enerji yogunlugunu birim hacim bagmna artirmak igin biriketleme islemi
yapilir. Boylece daha kolay tagima ve stoklama saglanir. Sekil 9°da basit bir
biyokiitle kurutma sistemi verilmistir. Burada kapali bir hacimde bulunan
biyokiitle pargalarinin iizerine sicak hava gonderilerek biyokiitlenin
kurutulmasi saglanmaktadir (OGM, 2020).
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2. Ogiitme: Kuru biyoenerji kaynagmin tanecik boyutu, kullanildig
proses oncesinde amaglanan gekil ve boyuta getirilene kadar miller, bigaklar,
bilyeler vb. yontemlerle kirilarak prosese hazir hale getirilme iglemidir.

3. Pelletleme ve Biriketleme: Pellet, ormansal biyokiitle enerji kaynag:
olan odun artiklarinin igindeki nem miktarinin klasik veya modern biyokiitle
enerjisi yontemleri ile talag halini alincaya kadar kirilip yiiksek basingla
sikigtirilmast ile olugturulan maddedir. Boyutlar1 6-10 mm arasinda bir
capa sahiptir. Briket ise yine aym uygulamalarla olusturulan pelletten
¢ok daha biiyiik boyutlarda ¢apa sahip maddelerdir. Boyutlar1 5-20 cm
arasindadir. Tarim ve orman artiklarinin heterojen olmalar1 ve boyutlari
itibari ile ¢ok fazla yer kaplamalar1 sebebiyle dogrudan yakit ihtiyacinin
kargilanmasi seklinde degerlendirilmesi olduk¢a zordur. Bu sorun, bu tiir
biyoenerji kaynaklarinin boyutlarinin kiigiiltiiliip ve sistematik bir bigimde
madde yogunlugunun fazlalagtirilmasiyla ¢oziilebilir. Bir bagka ifade ile
biriket veya pellet uygun boyut degerlerine getirilmesiyle biyokiitle enerji
kaynag: olarak etkin ve verimli bir bi¢imde kullanilmig olabilmektedir.
Tarim ve orman artiklarinin istenen biriket veya pellet boyutlarina piston
yardimu ile yiiksek basing altinda presslenmesi, bu fiziksel prosesin temel
ilkesini olusturmaktadir. Odun pelletleri direkt olarak yiiksek basinca
maruz birakilarak meydana getirilir. Bu islem sirasinda kimyasal baglayic
kullanilmaz. Biyoenerji kaynag igerisinde bulunan bagta regine olmak iizere
kendiliginden bulunan molekiiller baglayici islevi de gormektedir. Pellet veya
biriket haline dontistiiriilmiis tarim ve orman artiklarindan yakilarak 1sinma
amagli da faydalanilabilmektedir (Uggiil & Akgiil, 2010). Yakacak oduna
kiyasla odun briketi esit agirlikta olacak gekilde yakildiginda gevreye daha
fazla 1s1 veren bir kaynak olugturmaktadir. Aym1 zamanda yakacak gevreyi
daha az kirletir ve daha uzun zaman dilimi boyunca yanar (Ayan, 2022).
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Sekil 10. Helezon () Ve Piston Presli (b) Ve Hidvolik (c) Birviketleme Makinas: (TOB,
2021).

Sekil 10°da farkl tipteki biriketleme islemi yapan teknolojik makinalar
goriilmektedir.  Briketleme fiziki prosesi ile; biyoenerji kaynaginin
karakteristik Ozelliklerinde olumlu yonde degisim, boyutsal 1s1 degerinde
artig, transport ticretlerinde diigiig, saklama maliyetlerinde azalma, boyutsal
olarak kiigtildiigiinden dolay1 sobalarda rahatlikla yakilabilme olmak iizere
bir¢ok avantaja sahiptir (Ayan, 2022). Yeryiiziine yayilan tanecik emisyonlari
azalmakta ve ayn1 zamanda hacimsel formu itibari ile yakit elde edilmektedir.
Yagadigimiz zaman diliminde biyoenerji kaynaklarinin briketlenmesi amaciyla
helezon tipi biriketleme, piston tipi biriketleme ve hidrolik tip biriketleme
teknolojileri kullanilmaktadir (Ayan, 2022).

(a)

Sekil 11. Diiz Kalwly (a) Ve Cember Kalwls (b) Pelletleme Teknolojisi (TOB, 2021).
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Modern pelletleme teknolojileri olarak diiz ve ¢ember bigimli basingl
pelletleme teknolojisi kullanilmaktadir (Sekil 11). Diiz bigimli basingh
pelletleme teknolojisinde disk iizerinde arka arkaya birden ¢ok sikigtirma
silindiri bulunmaktadir. Busikistirmasilindirleri 2 m/s ile 3 m/s hizindadénme
hizina sahiptir. Diskler sayesinde biyokiitle enerji materyali deliklerinde
sikigtirilmaktadir. ~ Sikistirilan  biyoenerji  kaynagi istenen pelletleme
boyutunun geklini almaktadir. Cember bigimli pelletleme teknolojisinde
delikli ¢gemberin gevresinde iki veya ii¢ tane sikigtirma silindiri mevcuttur.
Bu silindirler devamli hareket halinde olup biyokiitle enerji materyallerini
istenen kalipta sikigtirarak elde etmis olur (Ayan, 2022).

3.4.1.2. Tevmokimyasal Prosesler

Termokimyasal proseslerin  baghcalar1 yakma, piroliz (6n 1sitma,
yavag piroliz ve hizli piroliz) ve gazlagtirma ve hidrotermal proseslerden
olugmaktadir.

1. Yakma: Biyoenerji kaynagindan enerji iretmek amaciyla kullanilan en
eski ¢evirim metodudur. Teknolojinin gelismesi ile enerji tiretmek amaciyla
en eski termokimyasal proses olan yakma 1s1, yakit ve elektrik iiretiminde
kullanilmast igin uygulanan doniigiim teknolojisidir. Termokimyasal
doniigiim teknolojisi olan yakma iglemi yiiksek 1s1l randiman saglama ve
etkin ve randimanli bir yanma ile 1s1nin geri kazandirilmasi bagta olmak iizere
birgok avantaja sahiptir. Modern yakma teknolojileri sadece agag¢ kabuklar:
gibi ormansal ve tarimsal kat1 biyoenerji kaynaklarinin yakmanin otesinde,
kentsel atiklarin ve endiistriyel atiklarin yakilabilecegi yoniinde gelistirilmistir
(Tirmnk, 2022). Orman kaynakl biyokiitle enerji kaynaklari, termokimyasal
yakma iglemi sonucunda ortaya ¢ikan enerji miktari ile petrol ve komiire
oranla daha diigiiktiir. Bundan dolayr ormansal biyoenerji kaynaklari
diger yenilenebilir ve yenilenemeyen enerji kaynaklari ile karigtirilarak
da yakilabilmektedir. Orman kaynakli biyokiitle enerji kaynaklar1 komiir,
tarimsal ve kentsel atiklar bagta olmak tizere karistirihp yakilarak istenen
enerji degerini elde etmesi amaglanmaktadir. Orman kaynaklarinin diger
enerji kaynaklar1 ile beraber yakma proseslerinin en temel amaci yenilenebilir
olmayan enerji kaynaklarinin olugturdugu bagta NOx, SOx ve CO, gazlarimin
atmosfere salimmlarini azaltmaktr (Kandemir ve dig., 2022).
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Sekil 12. Biyokiitle Enerjisi Yakma Teknolojileri (Karaca, 2009).

Sabit yatakli yakma, kabarcikli akigkan yatakli yakma, dolasgimli akigkan
yatakli yakma ve yakit piiskiirtmeli yakma prosesleri Sekil 12°’da detayli olarak
gosterilmigtir. Sabit yatakli yakma teknolojileri 1zgarali ocaklar ve alttan
yakit beslemeli proseslerdir. Sabit bir yatak boglugundan birincil hava akigt
saglanmaktadir. Bu yatakta yanma, biyokiitle enerji kaynaginin nemini alma,
ve gazlagtirma iglemleri gerceklesmektedir. Gergeklestirilen islemde sonra
yanma karakteristik ozelligi yiiksek olan gazlar sekonder hava ilave edilmesi
stirecinin ardindan yanma iglemi gergeklesmig olur. Akigkan yatak yakma
termokimyasal biyokiitle enerjisi teknolojilerinde biyoenerji kaynaginin
yakiti, gazin kendi bilegsiminin iginde ve yanma gazinin dip kisimdan prosese
giren kat1 biyokiitle enerji materyali iginde yanar. Sivilagtirma hizina gore,
dolagimli akigkan yatakli termokimyasal biyokiitle enerji teknolojisi veya
kabarcikli akigkan yatakli termokimyasal biyokiitle enerji teknolojisi yakma
teknolojisi uygulanmaktadir. Boyutu 2 mm’den ufak tanecikler igin yakit
piiskiirtmeli yakma biyokiitle termokimyasal enerji teknolojisi kullanilir.
Yakit bilegimi yanma odasina aktarilir. Bununla birlikte primer yanma havasi
da yanma odasina aktarilir. Daha sonrasinda sekonder havanin ortama girigi
ile yanma iglemi gergeklesir (Karaca, 2009). Biyokiitle termokimyasal yakma
isleminin ardinda kalan kat1 atiklar yiiksek sicaklik altinda eritilip bertaraf
edilebilir. Yine yakma isleminin ardinda kalan atiklar ¢imento kullanarak,
gesitli kimyasal maddeler kullanarak bertaraf edilebilir.

2. Piroliz: Piroliz (Pyrolysis) sozcligii etimolojik olarak yunanca bir
sozciik olup pyr sozciik kargilig olarak ates; olysis sozcligli meydana gelmek
anlamini tagimaktadir. Piroliz, biyoenerji kaynaklarinin anaerobik ortamda
organik molekiillerin ayrigip gaz haline doniistiirme islemidir. Organik
maddeler anaerobik ortam kogullarinda 600 °C’a kadar yapilan termal
1sitmada; odun komiirii, gaz partikiilleri ve kiil gibi maddeler agiga ¢ikar.
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Sekil 13. Piroliz Reaktirii Ve Kurutucu Unite (Uggiil & Akygiil, 2010).

Piroliz prosesinin gergeklestirildigi piroliz g¢evirim initesi reaktor ve
kurutma tinitesinin tam donanimli bir sekilde goriiniigii Sekil 13°de verilmistir.
Odun komiirii iiretimi diinya tizerinde en ¢ok bilinen piroliz iglemidir.
Piroliz igleminin neticesinde kati, siv1 ve gaz halinde maddeler elde edilir.
Diinya iizerinde giiniimiizde piroliz iglemi ile biyoenerji kaynagi organik
maddeler sivilagtirilarak biyolojik kokenli yaglara doniigtiirtilmektedir. Yakit
tiirii, reaksiyonun gergeklesme zaman dilimi, sicaklik, press, 1sitma hiz,
vb. parametrelerin bir araya gelmesiyle meydana gelen iiriiniin niceligi ve
cesidi de etkilemektedir. Piroliz termokimyasal prosesi sonucunda meydana
gelen iiriiniin randiman1 ve kompozisyonu; sicaklik tolerans degerleri,
piroliz reaktoriinde gegirilen zaman dilimi, tanecik fiziksel formu, maruz
kaldig1 basing gibi parametrelere bagli olarak farklilik gostermektedir. Piroliz
reaktoriinde diigiik 1sitma hizinda meydana gelen ¢ar miktar: fazlalagir. Bu
proses yavag piroliz olarak isimlendirilir. Piroliz reaktoriinde ise siv1 {irtin
meydana gelmesi ve miktarinin fazlalagmasi yiiksek isitma hizi ile dogru
orantilidir (Ulu, 2011).

Flag Piroliz
—_—
Hizli Piroliz
_ —
Yavas Piroliz
(Karbonizasvon )
—_—
| | | |
0.01 1 100 1000
Isima Hiz (°C/s)

Sekil 14. Isstma Hizma Dayaly Pivoliz Cesitleri (Ayan, 2022).

Sekil 14°de organik maddelerin oksijensiz ortamda 1sitma hizina bagh
olarak gergeklestirilen karbonizasyon, hizli piroliz ve flag piroliz gesitleri
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gosterilmektedir. Odun koémiirii ve turba basta olmak {izere organik yapil
maddeler anaerobik kogullar altinda ve termokimyasal biyokiitle sabit
yatak reaktorlerinde, 300 °C diizeyindeki ortam sartlarinda, uzun isitma
stiresi boyunca yavag piroliz yontemiyle kati ve sivi maddelere gevirimi
gergeklesmektedir. Akiskan yatak reaktorlerde hizhi piroliz yontemi ile
biyoenerji kaynag, yiiksek sicakliklarda ¢ok hizli bir bi¢gimde maddenin
gaz haline getirilmektedir. Meydana gelen gaz, akiskan yatak reaktoriiniin
reaksiyon sistemi yardimui ile uzaklagtirthir. Daha sonrasinda akigkan yatak
reaktoriinde olusan gaz sogutulur. Isis1 diigen gaz yogusarak yogunlugu
akigkan olmayan bir sivi olusturur. Bu sivi, aldehidler, fenol, halojen ve
halojenli bilesikler vb. yapidaki maddelerce oldukga zengindir.

3. Gazlastirma ve Hidrotermal Prosesler: Gazlastirma cok eski
donemlerden beri kullanillan bir teknolojidir. Gazlagtirma  tekniginin
biyoenerji kaynaklar1 tizerinde uygulanmasi, klasik biyokiitle enerjisi tiretim
yontemlerine gore daha az dogaya zararli, daha temiz ve farkli amaglar igin
kullanilabilen gaz iiretimi oldugu i¢in giiniimiizde sik¢a kullanilmaktadir.
Biyoenerji kaynaginin termokimyasal olarak gazlagtirilmasi, 1slak (giibre,
meyve sanayi atiklart vb.) ve kuru (nemli olmayan kiitiik, aga¢ kabuklarr)
biyoenerji kaynagr i¢in uygulanan bir islemdir. Organik madde 800-900
°C tolerans degerindeki sicakliklarda gergeklesen yiiksek sicakliktaki
boliimsel yiikseltgenme tepkimesi ile yanip maddenin gaz formuna donmesi
saglanmaktadir. Kuru olmayan biyoenerji kaynag en az 220 atm basingta ve
en az 300°C sicaklikta termokimyasal igleme tabii tutulursa gazlagma islemi
gergeklegmis olur (Uggiil & Akgiil, 2010). Bu yiiksek sicakliklarda gergeklesen
kismi oksidasyon tepkimesi sonucu biiytik miktarda CO ve H, elde edilirken,
kismi diizeyde CH,, CO, ve su buhar1 elde edilmektedir. Bununla birlikte
hizli piroliz termokimyasal prosesi ile tiretilen komiir, gazlastirma teknigi
kullanilarak da maddenin gaz haline doniistiirtilebilmektedir (Kalayci, 2011).
Boylece basta 1slak ve kuru biyoenerji kaynaklart da maddenin gaz haline
doniigtiirtilerek enerji kaynagi olarak kullanimina olanak saglamaktadir
(Ayan, 2022).

Biyokiitle termokimyasal prosesinin gazlagtirma iglemini gergeklestiren
bilesenler; biyoenerji kaynaginin uygun ortamda saklanmas, biyokiitle enerji
kaynaginin neminin alinmasi, biyoenerji kaynaginin gazlagtirma igleminin
yapildig1 ortama aktarilmasi, katran ve kiiliin gazlagtirma isleminin yapildig:
mekanizmadan alinmasi, gazin prosesten alinmasi, gazin temizlenmesi,
gazin yakilmasi, yakitin kiitle debi miktarinin degeri, basing farki ve kontrol
tinitesi $ekil 15°da verilmistir ve ayni1 zamanda komple gazlagtirict 6zelligi
de tagimaktadir. Zaman zaman gaz kagaklar1 ve siv1 sizintilar1 sebebiyle
biyoenerji kaynagr materyalinin gazlagtirma igleminin yapilacag: {initeye
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aktarilmasi esnasinda sorunlar olugabilmektedir. Sanayi atiklar1 ve tarimsal
kat1 yakitlarin gazlagtirma igleminin yapilacagi prosese aktarimi igin titrestirici,
biyokiitle enerji kaynaklarini birlestirici, tarakli ve digli mekanizmalar tercih
edilir. Biyoenerji kaynagi materyalin standart atmosfer basinci kogullarinda
bekletilmesi ve kapali depolarda korunmasi gerekmektedir. Biyokiitle enerji

kaynagi materyali her tiirlii dig faktor ve yagistan korunmasi saglanmalidir
(Basu, 2011).
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Sekil 15. Gazlasturics Sistem Unitesinin Sematik Goriindisii (MMO, 1999).

Diger taraftan, giicii 10 kW’dan kiigiik gazlagtirici reaktorlerde yakitin
aktarilmasi el ile transfer edilebilir. Otomatik aktarilma teknigi kiigiik
Olgekli sistemlerde uygulanmaz. Daha biiyiik gazlagtirma teknolojilerinde
biyokiitle diizensiz bir aktarimla yiikleme hunisinden agag: yavasca ilerler.
Biyoenerji kaynagi organik madde yakit1 bitigik veya dikey olarak bir kayis
veya digli tagima diizenegi ile hareket ettirilebilir. Gazlagtirma iglemi hava
ile gazlagtirma, oksijen ile gazlagtirma, buhar ile gazlagtirma bagta olmak
tizere birgok farkli teknikte kullanilmaktadir. Hava ile gazlagtirma maliyet
agisindan uygun ve ayni zamanda en yaygin yontemdir. Oksijen iiretmek
zorunda kalmadig1 i¢in ¢ok yiiksek ¢evirim verimi imkani sunmaktadir.
Reaktor tepkimesi sonucunda 4-6 MJ/Nm? 1s1l degere sahip triinler ortaya
ctkmaktadir (Basu, 2011). Oksijen ile gazlastirma hava ile gazlagtirmaya
gore daha kaliteli gaz tretimi gergeklestirmektedir. Reaktor sicakliginda
1000-1400 °C sicaklig arasinda olup 1s1l degeri 10-15 MJ/Nm?* degerleri
arasindadir. Pahalidir ve giivenlik agisindan biiyiik sorunlara da sebebiyet
verebilmektedir. Buhar ile gazlagtirma isleminde ise H,, CH, ve komiir
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basta olmak iizere reaktorden iriinler elde edilebilmektedir. Dezavantaji
ise zehirlenme vakalarinin yaganmasidir. Buharla gazlastirmada temel hedef
hidrojen elde etmektir (Ayan, 2022).

4. ORMANLARIN SERA GAZI AZALTIMINDAKI ROLU

Yapilan bilimsel ¢aligmalara gore diinyadaki ormanlar tim CO,
emisyonlarinin %30’unu emmektedir. Ormansizlagma, bu dogal karbon
yutagini agindirir ve ormanlarda depolanan karbon, agaglar oldiigiinde
salindig1 igin emisyonlarin artmasina neden olur. 2019-20 yillar1 arasinda
tropik orman kaybi, 570 milyon arabanin yillik emisyonlarina egdeger 2,6
milyar metrik ton CO, yaydi. Kiiresel Orman Finansmani Taahhiidii, 12
iilkenin ormanlar1 korumak ve restore etmek i¢in 2021 — 2025 yillar1 arasinda
12 milyar dolarlik kamu fonu olusturma taahhiidiinii igeriyor. Buna ek olarak,
7,2 milyar dolarlik 6zel sektor yatirnmi harekete gegirilecek. Finansman
taahhiidii veren 12 iilke; Birlesik Krallik, Norveg, Kore Cumbhuriyeti,
Hollanda, Belgika, Danimarka, Japonya, Fransa, Amerika Birlesik Devletleri,
Kanada, AB ve Almanya’dan oluguyor. $ekil 7 de ormanlar insan akcigerine
benzetilmistir.

Sekil 16. Biv dilkenin ovman kaynag demek onun akcigerleri demektir.

Ormanlar tizerinde radikal 6nlemler alinmadan kiiresel 1sinma artigint
1,5°C'nin altinda tutulmasi miimkiin degil. Hiikiimetler arasi Iklim
Degisikligi Paneli (IPCC)‘ye gore, bu ylizyilda 1sinmay1 2°C ile sinirlamaya
yonelik tiim senaryolar, ormansizlagma ve orman bozulmasinin azaltilmasina
dayaniyor. Ayrica, mevcut ormanlari korumanin, kiiresel iklimi stabilize
etmenin yeni agaglar dikmekten daha hizli, daha iyi ve daha ucuz bir yol
oldugunu ortaya koyuyor. Ormanlar ayni zamanda yerel ve bolgesel hava
diizenlerini diizenleyerek iklim degisikligine kars: bir tampon gorevi goriiyor.
Diinyanin en yoksul kesimlerinin %90’ 1indan fazlas1 ge¢imlerini ormanlardan

saghyor (IPCC, 2022).


https://ecf.apms5.com/anywhere/m?s=ecf&m=s_1a10ee82-e6c6-4ed7-9d23-365903ca690c&u=e1jq4wvfdtfk2d9k6mrmcc1r5mv32d255mu42ctr5n130hj55mum4e2168wm4chn68t44&r2=d1u78w3k78qjyrbkedjq8wteehgpptbkd1gq0t9ed5qjye1pcdjkjd9j6mppcdb668pk8t9t6wpkgcb2c4pkad3571hpae9k6dj62dtfchjqcbtr6gtk6c336wwjuc36cdhjud3265hjurb46cwjuthpccwp2d1pcth6cr9q5x0n0gu18wjk4c25f1jp6xbmd5v6a99j61174ub5crjk4c1h5mt34b9j60t32bkgchk0&n=4
https://ecf.apms5.com/anywhere/m?s=ecf&m=s_1a10ee82-e6c6-4ed7-9d23-365903ca690c&u=e1jq4wvfdtfk2d9k6mrmcc1r5mv32d255mu42ctr5n130hj55mum4e2168wm4chn68t44&r2=d1u78w3k78qjyxvqewq6jw33ccq66u1fedt66rvc5w&n=5
https://ecf.apms5.com/anywhere/m?s=ecf&m=s_1a10ee82-e6c6-4ed7-9d23-365903ca690c&u=e1jq4wvfdtfk2d9k6mrmcc1r5mv32d255mu42ctr5n130hj55mum4e2168wm4chn68t44&r2=d1u78w3k78qjyxv5chqp6wteenq6aw1edxt6ebv2d5u76x3jcngpubv8c5q68v355wt30bhn60r2wc9h70t34btj6ru3jc1fah2magjz9tgq8ubfdtgprqu9dtu6awkec5u6jvvec5p2ww34crzq6tbhenjpwrv57mrjcubk85p6rvvqcnj3uy8&n=6
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Orman Mutabakati, ormansizlagmayr durdurmak iizere 6nemli bir
kiiresel ¢abay1 temsil ediyor. Bu anlagma, ormanlarimizi korumaya yonelik
onemli ilk adim niteligi tagtyor ve ormansizlasmadan armndirilmig temin
zincirlerinin giiniimiizde norm haline gelmesi gerekliligine isaret ediyor.
Uluslararas1 camia, uzun vadeli ¢oziimler gelistirirken, orman ekosistemleri
igerisinde ve gevresinde yagayan insanlarin sosyo-ekonomik ihtiyaglarinin
ve taleplerinin kargilanmasini da ele almali. Kiiresel 1sinmayr 1.5°C ile
siirlandirmayr ongoren bir gelecek, ancak ormanlarin korunmasini ve
doganin restorasyonunu kapsadigr kosulda miimkiin gortinmektedir.
Birlesmis Milletler Paris Tklim Degisikligi Konferansi, 2015 yilinda Paris’te
gergeklesti. Tklim Zirvesi sonucunda iizerinde mutabik kalinan metin olan
Paris Anlagmasi, herhangi bir baglayicilik tagimamakla birlikte hiikiimetlerin,
iklim degigikligini 6niimiizdeki donemde siklikla giindem edecegi anlamina
geliyor. Ulkemizde 2021 yilinin son aylarinda bu anlagmay1 imzaladi. En son
Ingiltere de yapilan iklim zirvesi 2050 yilina kadar emisyonlarin tamamen
yok edilmesini (yani sifir emisyon) hedeflemektedir (IPCC, 2020).

Iklim degisikligi ile miicadele siireci birgok sektor gibi ormanciligi da
kiiresel olgekte hareketlendirmistir. Bu siire¢te ormancilik, hem yeni proje
tipleri, hem diger sektorlerle entegrasyon, hem de kapsam bakimindan
zenginlesmistir. Tklim degisikligi ile miicadelede ormanciligin Gnemi yiiksek
oranda karbon tutma ve iklim degisikliginin etkilerine uyum bakimindan
sagladigy pozitit etkilerdir. Dahas1 ormanlarin azaltim ve uyum kapasiteleri
baz1 iyi yonetim uygulamalari ile artirilabilir. Tklim degisikliginin ve iklim
degisikligi ile miicadelenin ekonomi genelinde etkileri s6z konusu olmakla
beraber her sektorii ayni derecede etkiledigi veya etkileyecegi sdylenemez.
Ormancilik ve tarimin, dogaya agik isletme sekilleri olmalar1 ve atmosferik
olaylarla dogrudan iligkileri nedeniyle diger sektorlere nazaran daha gegitli ve
ciddi risklere maruz kalmalarr olasidur.

Ote yandan iklim degisikligi ile miicadelede genellikle sadece agaglandirma
caligmalarinin giindeme geliyor olmasi sektor ve sektor diginda konunun
yeterince bilinmedigi gercegini ortaya koymaktadir. Tklim degisikligi ile
ormancilik sektoriinii uyumlulagtirmaya doniik kavramlardan birisi “iklim
destekli ormancilik” olup ormanlardan ve ormancilik sektoriinden iklim
degisikligi ile miicadele siirecinde diger ekosistem hizmetleri ile sinerji
yaratacak gekilde daha fazla katki saglamay1 hedefleyen, Avrupa Ormancilik
Enstitiisii (EFI) tarafindan da desteklenen yeni bir yaklagimdir. Bu kapsamda
uyum ve karbon tutma kapasitesi yiiksek orman ekosistemleri geligtirilmesi
hedeflenmektedir. Ormancilik sektoriine yeni bir motivasyon kaynagi olma
potansiyeline sahip bu kavram {i¢ temel dayanak iizerine yapilanmaktadir.
Bunlar; (1) sera gazlarinin tutumu veya salimmin azaltilmasi, (2) iklim
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degisikliginin etkilerine kargi daha adaptif ve direngli ormanlar olugturmaya
yonelik planlama ve yonetim, (3) karbon dahil tiim ekosistem hizmetlerini
artirmaya yonelik aktif veya adaptif ormancilik. Kisaca azaltim ve uyumu
on plana gikarmaya yonelik, bunun yaninda diger ekosistem hizmetlerini de
dikkate alan bir ormancilik konseptinden s6z edilmektedir.

5. SONUC VE ONERILER

Enerji, insanlarin yagamindaki ihtiyaglarmin kargilanmasi ve yasamin
stirdiirebilirligi i¢in hem yerel hem kiiresel 6lgekte en 6nemli vazgegilmez
gereksinimler arasindadir. Sanayi devriminden sonra yasanan hizli teknolojik
gelismeler, teknolojinin insan yagaminda daha etkin kullanilmaya baglanilmasi
ve hizli niifus artigr ile her gegen giin bireyler ve iilkeler i¢in enerjiye olan
gereksinim artarak devam etmektedir. Fosil yakitlarin dogaya vermis oldugu
zararlar ve yakin gelecekte de titkenme ihtimali, enerji gereksiniminin
yenilenebilir kaynaklardan kargilama anlayigini giintimiizde gegerli kilmistir.
Tiirkiye ve diger iilkeler enerji ihtiyaglarini kargilama noktasinda enerji
temin kaynaklarin1 ¢egitlendirmeye, yenilenebilir kaynaklardan enerji
gereksinimini kargilamaya ve enerji konusunda diga bagimliig: azaltma
stratejisi izlemektedir. Tam da bu noktada biyokiitle enerjisi insanlik tarihi
kadar eski ve yeryiiziinde en yaygin bulunan enerji kaynagi olma ozelligi ile
dikkat ¢ekmektedir. Biyokiitle enerjisi sadece 1sinma amagh degil, elektrik
tretimi, yakit olarak kullanimi ve aydinlatma gereksiniminin kargilamasi
sebebi ile ok yonlii kullanilabilen birincil enerji tiiriidiir. Kentsel, hayvansal,
ormansal ve tarimsal atiklar baglica biyokiitle enerji kaynaklar1 arasindadir.

Giintimiizde biyokiitle enerji teknolojileri yemek pigirme, soba ateginde
1sinma gibi geleneksel yontem ve ¢esitli doniigiim teknolojilert ile elektrik,
yakit ve 1sinma ihtiyacin kargilanmasinda yararlanilan modern yontem olmak
iizere biyokiitleden enerji elde edilmesinde iki temel yontem bulunmaktadir.
Modern biyokiitle doniigiim iglem ve teknolojileri; fiziksel prosesler,
termokimyasal prosesler, biyolojik ve kimyasal proseslerden olugmaktadir.
2019 yihinda kiiresel olgekte yenilenebilir enerji kaynakli enerji tiretimi en
tazla biyokiitle enerjisinden saglanmugtir. Biyokiitle, biyoyakit ve atiklardan
tiretilen enerji degeri 56,539 EJ degerindedir. Biyokiitle enerji materyallerinin
depolanabilir olmasi, her zaman temin edilebilir olmasi ve ayn1 zamanda
yeryiiziinde en yaygin bulunan yenilenebilir enerji kaynagi olmasi sebebi
ile en fazla enerji tiretimi, ithalati ve ihracati gergeklesen yenilenebilir enerji
kaynag1 pozisyonundadir. 1980 ile 2000 yillar1 arasinda diinya birincil enerji
kaynaklar: titketimindeki payr %10,5 diizeyindeyken 2000°li yillardan sonra
azaliga ge¢mig olup 2018 yilindaki pay1 %9,5 olarak belirlenmistir. 2035 yilinda
ise bu paymn %9,3’e inecegi 6n goriilmektedir. Bu azalisin baglica sebepleri
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modern biyokiitle enerjisi teknolojisindeki geligmeler, diger yenilenebilir
enerji yatinm ve teknolojilerinde olan gelismeler ve ayni zamanda kiiresel
istnma ve iklim degisikliklerinin getirdigi sonuglar oldugu 6ngoriilmektedir.
Kiiresel olgekte birincil enerji kaynaklar1 titketimi kapsaminda biyokiitle
kaynakl1 enerji tiiketim miktar: giiniimiize kadar siirekli artmig olup, gelecekte
2035 projeksiyonuna kadar da artacag 6ngoriilmektedir.

Tiirkiye dort mevsimi belirgin bir gekilde yagayan, geng niifusu oldukga
fazla, biyogesitlilik agisindan zengin kaynaklara sahip, Akdeniz, Karadeniz ve
karasal iklimin hiikiim siirdiigii zengin biyokiitle enerjisi materyaline sahip
tilke durumundadir. Cegsitli kaynaklarda yapilan ¢aligmalarda Tirkiye’nin
enerjisi potansiyeli 14 MTEP ile 32 MTED arasinda oldugu belirtilmistir.
Bu farkliligin sebebi hesaplama yonteminin farklilik gostermesi ve biyokiitle
enerjisi potansiyelinde goriilebilecek materyal segimindeki farkliliklar bagta
gelen nedenler arasindadir. Tahil iiretim ve gesitliligi agisindan Tiirkiye’nin
I¢ Anadolu bolgesi oldukca zengin olup biyokiitle enerji potansiyeli 8
Milyar kWh diizeyinin iizerindedir. Benzer sekilde Tiirkiye’nin Marmara,
Giiney Ege, Giiney Anadolu’nun dogusu ile Akdeniz’in dogusu biyokiitle
enerji potansiyeli agisindan zengin 6zellikler tagimaktadir. Tiirkiye her gecen
yil biyokiitle enerji santralleri kurulu giiciinii ve elektrik tiretim miktarin
arttirmugtir. 2020 yilinda Tiirkiye’nin biyokiitle enerjisi kurulu gii¢ miktar:
1.485 MW diizeyindedir. 2020 yilinda yenilenebilir atik ile atik 1sidan
toplam 5.736,6 GWh elektrik iiretmis olup toplam elektrik tiretimindeki
pay1 %1,87 diizeyinde ger¢eklesmistir.

Biyokiitle enerji santrallerinin ilk yatirim maliyeti 4.114 $/kW diizeyinde
ger¢eklesmektedir. Diger yenilenebilir ve yenilenemez enerji kaynaklarina
gore ortalama bir ilk yatirnm maliyetine sahiptir. Sabit igletme maliyeti
anlaminda biyokiitle enerji santralleri tiim enerji kaynaklari arasinda 105,63
$/kW ile yillik en fazla maliyete sahip enerji kaynagi durumundadir. Bununla
birlikte degisken isletme maliyeti olarak da 5,26 $/MWh ile en fazla maliyete
sahip enerji santrali yine biyokiitle enerji santralleridir. Bu yliksek maliyetlerin
azaltilmasi igin biyokiitle enerji santrallerinde kullanilacak makinelerin
ve eckipmanlarin Tiirkiye’de vyerli olarak iiretilmesi g¢aligmalarina hiz
verilmelidir. TIk yatirim maliyetini azaltmak igin enerji santralinin kurulacag
saha ¢ok daha hassas bir gekilde incelenmeli ve tiim fizibilite galigmalar
dikkatli bir bicimde yapilmalidir. Tlk yatirim maliyetini arttiracak gereksiz
harcamalardan kagimilmalidir. Periyodik yenileme gerektiren makine ve
ckipman degisimi zamaninda yapilmalidir. Bununla birlikte bakim gerektiren
islemler zamaninda yapilip enerji santralinde meydana gelecek arizalarin ve
ariza siiresinin igletmeyi zarara ugratmasinin Oniine gegilmelidir. Bununla
birlikte enerji santraline saha tahsisi, makine ve ekipman alimu ile birlikte
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her tiirlii harcama igin tesvik, vergi indirimi, vergi muafiyeti imkani ve nakdi
destek miktarlar1 arttirilmalidir. Ekonomik omrii diger yenilenebilir enerji
kaynakli santrallere ortalamanin {izerinde olan ve teknik 6mrii en uzun ikinci
yenilenebilir enerji kaynagi olan biyokiitle enerji santralleri igin her tiirli
omriinii uzatacak tedbirler ve destek donatilarin satin alinmasi, igletmenin
kar1 ve tiretilecek enerji miktar agisinda oldukga 6nemli kriterler olup dikkat
edilmesi gerekmektedir.

Giiniimiizde iilkeler baltalik orman igletme seklinden koru orman igletme
sekline gecig stirecini hizlandirmigti. Bu kapsamda Tiirkiye’de 2000’
yillarin bagindan itibaren bu politikayr uygulamaya hiz vermistir. Boylelikle
agac endiistrisi ve enerji hammaddesi elde edilmesinde daha etkin, verimli
ve siirdiiriilebilir bir strateji izlemigtir. Tiirkiye 2005 yilinda 1.439.595 ha
baltalik orman alanina ve 5.749.152 ha koru ormanina sahipken 2020 yilinda
1.276.634 ha baltalik ormanina ve 21.656.366 ha koru ormanina sahiptir.
Bu anlayig degisikligi ile birlikte Tiirkiye’nin de orman alani artmig olmasi
karbon ayak izi miktarinin azaltilmasinda 6nemli rol oynamugtir. Son on yilda
orman ve orman endiistrisinden elde edilen atik miktar1 artig gostermistir. Bu
veriler dogrultusunda Tiirkiye’nin verimliligi oldukga diigiik makilik ve ¢alilik
alanlarin enerji bitki yetigtiriciliginde degerlendirilmesine, ormansal kaynakl
biyokiitle materyalinden enerji iiretim miktarinin arttirilmasina, ormansal
kaynakli atiklarin siniflandirilmasinin detaylandirilmasina, ormansal kaynakl
atik miktarinin arttirilmasina ihtiyag bulunmaktadir.

Fiziksel prosesler, termokimyasal prosesler, kimyasal prosesler ve biyolojik
prosesler ile orman biyokiitlesi elektrik, konut 1sinmasi ve yakit ihtiyacinin
kargilanmas1 noktasinda 6nemli rol oynamaktadir. Bazi biyokiitle kaynaklar1
ve komiiriin 1s1 degerleri, odunun 1s1 degeri materyalin kaynagina gore 10 MJ/
kg ile 20 MJ/kg, bag bozumu ile ortaya gikan kalintilarda 14 MJ/kg ile 18 MJ/
kg, piring kabugunda 12 MJ/kg ile 14 MJ/kg degerleri arasindadir. Talagin 1s1
degeri 12 MJ/kg, ahsap peletlerin 20 MJ/kg, yosunun ise 33 MJ/kg degerine
sahiptir. Odun peletinin enerji yogunlugu komiire gore daha az olmasina
kargin bir aile igin yillik maliyeti daha diigiik olup atmosfere birakilan zararh
gaz miktar1 daha az durumdadir. Bu yiizden Tiirkiye’de odun peleti tiretimi
oldukga az miktardadir. Tiirkiye’de odun peleti iiretiminin arttirilmasina,
ormanda kalan biyokiitle enerji materyallerinin {iretim sahasindan ¢ikarilip
pelet halinde tiretilip 1sinma ihtiyacinin kargilanmasinda 6nemli rol oynamasi
olduk¢a 6nemlidir. Bununla birlikte karasal ve deniz kaynakli yosundan enerji
tretimi ok daha yeni kavram durumundadir. Tiirkiye bu konuda gereken ar-
ge caligmalarina ayrica hiz vermesi yararh olacaktir. Giderek artan sera gazi
emisyonlarinin azaltilmasi i¢in bazi ¢6ziim onerileri agagida verilmektedir:

* Enerjiyi tasarruflu ve verimli kullanmak;
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* Elektrikli tagitlarin kullanimini yayginlagtirmak;
* Binalarda 1s1 yalitumi uygulamak;

* Mevcut ormanlarin  korunmasi ve yeniden ormanlagtirmanin
arttirilmast;

* Ormansizlagmanin ve meralarin yok edilmesinin 6nlenmesi;
* Bozulan tarim arazilerinin ve ¢ayir/meralarin onarilmasi;

* Tarimsal ormanciligin 6zendirilmesini igeren gelismis orman, gayir/
mera ve tarim arazisi yonetiminin desteklenmest;

 Uriin ve hayvan artik ve atiklarinin degerlendirilmesi;

* Toprak ve bitki gereksinimini dikkate alan azotlu giibre kullaniminin
saglanmast;

* Gevig getiren hayvanlarin 1slah1 ve yem kalitesinin iyilestirilmest;
* Yeni teknolojilerin gelistirilmesi ve kullaniminin arttirilmasi;

* Bilimsel ve teknolojik gelismelere yonelik olumlu degisikliklerinin
desteklenmesi

* Toplu 1sitma ve sogutma sistemlerinin tegvik edilmesi.

* Alternatif Yakitlarin Komiir Yerine Kullanilmasi.

* Mevcut Konutlarda Enerji Verimliligi Standardinin Arttirilmast.
* Kamu Aydimnlatmasinin Kalitesinin ve veriminin Arttirilmast.

* Akilli Enerji Uygulamalarinin yayginlagtirilmasi

* Belediye binalarinda enerji verimliliginin arttirilmasi

* Siirdiiriilebilir Kat1 Atik Yonetimi

* Atk yonetimi i¢in yeni teknolojilerden yararlanilmas:

* Biiylikbag hayvan ciftliklerinde metan emisyonlarini azaltmak amaciyla
biyogaz tesislerinin kurulmasini yayginlagtirmak.

* Atk su aritma tesisleri ve ¢gamur yakma tesisinin enerji verimliliginin
arttirilmasi

* Belediyelerin su temini yapisinda enerji verimliliginin arttirilmasi
* Karbondioksitten kimyasallar iireten tesisleri yayginlagtirmak.

Tesekkiir: Bu boliimiin yazilmasinda maddi katkilarindan dolay: Tiirkiye
Bilimler Akademisi (TUBA) ya tesekkiir ederim.
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Boliim 10

Gorme Engelli Yol Tasarimlarinin YOLOVS ile
Segmantasyonu

Omer Kaya'
Muhammed Yasin Codur?

Ozet

Ozel gereksinimli bireylerin toplum ile i¢ ige entegre yasamasinin temel
islevlerinde bir tanesi de kentsel altyapinin uygun olmasidir. Ozellikle gorme
engeline sahip bireyler igin yiiriime yiizeyi isaretleri yani gorme engelli
yollarin durumu son derece 6nemlidir. Bireyleri yonlendirme agisindan
kolaylik saglayarak seyahatlerinin giivenli olmast amaglanmaktadir. Ayrica bu
bireylerin topluma entegresini daha da artiracak teknolojik gelismelere ihtiyag
vardir. Kafa tstii ve gozliik yani entegre kamere veya sensorler yardimiyla
ylriime yiizeyi isaretleri hakkinda yonlendirme ve uyarida bulanabilecek
sistemlerin gelistirilmesi bu bireylere avantaj saglayacaktir. Bu teknolojinin
uygulanmas: dikkate alindiginda ¢aliygma kapsaminda gorme engelli
yollarin 6rnek segmantasyon siireci YOLOVS nesne algilama algoritmast ile
gerceklestirilmistir. Farkli bolgelerden elde edilen veriler ile egitim siiregleri
tamamlanmig ve yliksek giiven degerleri elde edilmistir.

1. Giris

Karayolu giivenli sistem yaklagimi tiim yol kullanicilari igin giivenli bir
ulagim sistemi saglamayr amaglamaktadir. Bu yaklagim, insanlarin trafik
kazalar1 nedeniyle ciddi yaralanmalara karsi savunmasizligini goz oniinde
bulundurmakta ve sistemin insan hatasini azaltacak gekilde tasarlanmasi
gerektigini gostermektedir. Bu yaklagimin temel taslar1 giivenli yollar,
giivenli hizlar, giivenli araglar ve giivenli yol kullanicilaridir. Buna ragmen
Diinya Saglik Orgiitii (WHO) [1], diinya apinda her yil 1,25 milyon kisinin
trafik kazalarinda oldiiglinii bildirmektedir. Bu Oliimlerin yaklagik %50%si

1 Erzurum Teknik Universitesi, ORCID: 0000-0003-1037-5546, omer.kaya@erzurum.edu.tr

2 Erzurum Teknik Universitesi — American University of the Middle East,
ORCID: 0000-0001-7647-2424, mycodur@erzurum.edu.tr
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korunmasiz yol kullanicilarindan olugmaktadir. Oliimlerin neden oldugu
sebeplerin detayll gosterimi Sekil 1’de verilmektedir. Sekil 1, ilk 10 6lim
nedeninin bir listesini sunmakta ve 2004 yilina kiyasla 2030 yilina kadar
trafik kazalar1 sonucu 6liimlerin konumundaki degisimi gostermektedir [1].

2004 2030
1 Ischaemic heart disease 1 Ischaemic heart disease
2 Cerebrovascular disease 2 Cerebrovascular disease
3 Lower respiratory infections 3 Chronic obstructive pulmonary disease
4 Chronic obstructive pulmonary disease 4 Lower respiratory infections
5[t 5 p——
6 HIV/AIDS 6 Trachea, bronchus, lung cancers
7 Tuberculosis 7 Diabetes mellitus
8 Trachea, bronchus, lung cancers 8 Hypertensive heart disease
9 Stomach cancer
Prematurity & low-birth weight 10 HIV/AIDS

Sekil 1. En yiiksek 10 oliim nedeni, 2004 ve 2030

Trafik kazalarindan sonra bir¢ok bireyin engelli olarak hayatina devam
ettigi bilinmektedir. Hem kazalar sonucunda olusan engellik hem de kalitsal
olarak kazanilan engellik durumlari mevcuttur. Ozellikle gorme engelli
bireylerin toplumsal katiliminin saglanmasi ve sosyo-Kkiiltiirel iligkilerinin
gelistirilmesinde uygun fiziksel diizenlemeler 6nem tagimaktadir. Diinya
niifusun yaklagik %10u engelli bireylerden olugmaktadir [2]. Bu bireylerin
aileleri de bu engel durumundan etkilenmektedir. Diinya Saghk Orgiitii
(WHO) 2021 verileri dikkate alindiginda diinya tizerinde 1 milyar gérme
engelli birey bulunmaktadir. Bu bireylerin gérme engel durumlar farkl
kategorilere ayrilmugtir. Aile, Calisma ve Sosyal Hizmetler Bakanliginin
2020 yilinda sagladigr ¢aligma neticesinde iilkemizde gorme engelli birey
sayisinin yaklagik 1 milyon oldugu ifade edilmistir [3].

Bu 6zel kigilerin toplumdan kopuk, eve kapanik yagamamasi agisindan
ozellikle gevresel altyapr diizenlemelerinin ¢ok 6nemli oldugu bilinmektedir.
Bu bireylerin ihtiyaglarina yonelik kentsel mekan diizenlemeleri, yapay zeka
tabanli teknoloji kullanimi, baston veya rehber kopek kullanimi ile sinirh
gormeninsaglanmasi toplumsal esitlik saglayacaktir. Kentsel altyapi aligmalar:
ilk olarak 1965 vyilinda Japonya’da gergeklestirilmigtir. Hissedilebilir
yiizeyler olarak tasarlanmug tiriinler “Tenji blocks” olarak adlandirilmustir.
Tlerleyen yillarda Japonya’nin diger kentlerinde de kullanimi saglanmustir
[4]. Bu iirtinlerin maliyet yoniinden uygun olmast gorme engelliler igin
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en verimli altyapr elemani olarak goriilmiistiir. Bu altyap: elemanlar1 gorme
engelli bireyler i¢in uyarict ve yonlendirici blok olarak farkli anlamlar
ifade etmektedir. Bu elamanlarin kullanim renkleri ¢ogunlukla sar1 olarak
dizayn edilmis olsa da kirmizi renk olarak da kullanilmaktadir. Ulkemizde
2012 yilinda TS 1SO 23599 sayili Gorme Orziirlii veya Az Gorenler Igin
Yardimct Mamuller - Hissedilebilir Yiiriime Yiizeyi Isaretleri isimli standart
hazirlanmugtir. Bu standardin temel amact gérme engeli bulunan bireylerin
hissedilebilir yiiriime yiizeyi isaretleri yardimu ile istedikleri bolgeye giivenli
sekilde ulagilmasidir. Ancak iilkemizdeki uygulamada yetersizlik, yanlg
uygulama bigimi, gerekli bakim ve onarmm siireglerinin saglanmamasi
verimsiz ve giivensiz bir siire¢ olugturmaktadir.

Yapilan bu ¢aliyma da gelisen teknoloji ve gorme engelli bireylerin
hareketlilik istegi de dikkate alinarak nesne algilama tabanli bir 6rnek
segmentasyon saglanmugtir. Yiiriime yiizeyi isaretlerinin 6rnek segmantasyon
ile algilanarak farkli teknolojiler igin altyapi hazirhgi tamamlanmustir. Tki
asamali ¢oziim yaklagimi 6nerilmistir. Tlk olarak yiizey isaretlerinin goriintii
verileri elde edilmistir. Son olarak en yeni teknoloji algilama modeli olan
YOLOVS ile 6rnek segmantasyon siireci yiiriitiilmiigtiir.

2. Literatiir Taramasi

Yiiriime ylizeyi isaretleri gorme engelli bireylerin topluma baglanmas:
ve giivenlikleri agisindan son derece 6nemli kentsel altyapr elemanlaridir.
Bu kisimda gorme engelli bireyler ve yiizey isaretleri hakkinda saglanan
caligmalar yer almaktadir. Kog [2], gorme engelliler igin biiyiik 6neme sahip
hissedilebilir yiizeylerde olmasi gereken ozellikler ve uygulama alanlarini
ele almuigtir. Bu kapsamda uluslararast literatiir ve TS ISO 23599 standardi
incelenmigtir. Diinyadaki ve tilkemizdeki uygulamalar ele alinarak Diyarbakir
kentindeki hissedilebilir ylizey kullanimi degerlendirilmistir [2].

Ibanez ve arkadaglar1 [5], engelli yayalar ile siirticiisiiz araglar arasindaki
etkilesimi kolaylagtiracak, derin 6grenme ve 802.11p kablosuz teknolojisine
dayanan bir mimari Onermektedir. Yardimci teknolojinin uygulanmasi
yoluyla engelli yayalarin karayolu trafik ekosistemi igerisinde yerinin tespit
edilmesi ve engelli kisilerin el hareketlerinin tanimlanmasina yonelik bir
dizi iglevsellik tanimlanmistir. Bu islevler, engelli yayalarin niyetlerini ifade
etmelerine olanak taniyarak kargidan karsiya ge¢mek gibi yol ekosistemi
i¢indeki gorevlerde giiven ve giivenlik seviyelerini artirmaktadir [5].

Bai ve arkadaglar1 [6], gorme engelli kullanicilart hedefe yonlendirmek ve
ayni zamanda engelleri agmalarina yardimci olmak igin dinamik bir alt hedef
segme stratejisi kullanan yeni bir gema 6nerdiler. Bu gema, gorme engelli
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insanlarin giinliik ytiriyiislerinde kullanim kolaylig saglamak amaciyla bir
cift giyilebilir optik seffaf gozliik tizerine yerlestirilen eksiksiz bir navigasyon
sisteminin temel bileseni olarak hizmet etmektedir. Onerilen navigasyon
cihazi bir grup kisi tizerinde test edilmig ve i¢ mekan navigasyon gorevlerinde
etkili oldugu kanitlanmugtir [6].

Cao ve arkadaglar1 [7], gorme engelli yollarin ve yaya gegitlerinin
tanimlanmasinda yiiksek dogruluk elde etmenin engelli bireyler igin gevredeki
ortami algilamasina yardimc olabilecek ekipman tasarimi agisindan 6nemli
oldugunu vurgulamigti. Agin segmentasyon dogrulugunu saglamak
amacryla farkli agilardan 6zellik bilgilerini ve baglam 6zellik modiillerini
¢tkarmak i¢in yogun sekilde bagh bir atrous uzamsal piramit havuzlama
modiilii kullanilmigtir. Deneysel sonuglar, bazi son teknoloji yaklagimlarla
kargilagtinldiginda Onerilen yaklagimin daha iyi veya benzer dogruluk elde
ederken segmentasyon hizini biiyiik 6lglide arttirdigini gostermektedir [7].

Literatiirdeki  galigmalar incelendiginde gorme engelli bireylerin
kullanildigr  yiiriime yiizeyi isaretleri hakkindaki ¢aliymalarin  sayis
oldukga azdir. Son zamanlarda gelisen teknoloji ve otonom arag¢ hedefleri
aragtirmacilarin savunmasiz trafik bilegsenlerine ilgilisini artirmaktadir. Bu
caligma ile literatiirde var olan bu boglugun doldurulmasi hedeflenmektedir.
Bildigimiz kadariyla yiirtime yiizeyi isaretlerinin 6rnek segmantasyon ile
algilanmasi ve farkli teknolojiler igin altyapi hazirligr saglanmasi ilk defa
gergeklestirilmistir.

3. On Hazrliklar

Engelli bireylerin toplum hareketliligine katilmasi igin kentsel altyap:
elemanlarimin eksiksiz olarak sunulmast gerekmektedir. Ozellikle yiiriime
ylizeyi isaretleri gorme engeline sahip bireyler i¢in hayati oneme sahiptir.
Yol gosterici ve uyarict anlami tagtyan bu isaretler standartlara uygun olarak
cadde, sokak, metro, sosyal alanlar, kamu kurumlar1 gibi birgok alanda
bulunmaktadir. Ancak bazi durumlarda yiizey isaretlerinde kopma ve
dagilma olugmaktadir. Bu durum goérme engelli bireyler agisindan zorluk ve
yon kaybi problemlerine neden olmaktadir. Ayrica bireylerde korku, panik
ve giivensizlik hissiyat: olusturacag igin toplumdan kopuklarin baglamasina
neden olabilir. Boyle bir olusumun 6niine gegilmesi sorumlu kisilerin yiizey
isaretlerini siki bir denetimden gegirilmesi ile miimkiindiir. Ancak denetimin
ger¢ek zamanl olmadig dikkate alinirsa yiizey igaretleri bakim ve onariminda
aksakliklar olusacaktir.

Caliyma kapsaminda yiizey isaretlerinin goriintiileri toplanmugtir. Hem
internet kaynaklarindan hem de yazarlarin mobil telefon ile topladig:
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goriintiiler 6rnek segmantasyon  siirecinde  degerlendirilmistir. Ornek
segmantasyon islemi YOLOVS ile yiirtitiilmiigtiir. 172 adet yiizey isaret
goriintiisiine veri gogaltma iglemleri uygulanmistir. Uygulanan veri gogaltma
islemleri ile goriintii sayist 477°ye ulagmistir. Sekil 2’de uygulanan veri
gogaltma iglemlerinin ornekleri yer almaktadir.

(a)

ariginal

b) & (d) [

(f)

Sekil 2. Veri cofgaltma teknikleri

(a) orijinal goriintiiyii, (b) dondiirme, (c) perspektif degisikligi, (d)
kismi1 dondiirme, (e) renk tonu degistirme, (f) parlakhigr degistirme, (g)
kesme ve (h) bulaniklik islemini ifade eden veri ¢ogaltma tekniklerini
simgelemektedir. Ornek segmantasyonun yapilmasinin temel amact gergek
zamanli algiyacimin saglanmast igin gerekli altyapinin olusturulmadir. Ornek
bir prototipin elde edilmesi durumunda sistemin kargilagsacag: bazi zorluklar
bulunmaktadir. Bunlar; yiizey isaretlerinde kopukluk, gorme engelli bireyin
diigmesi, bireyin farkli agilardan yiizey isaretlerini aramasi, olumsuz hava
durumu olarak siralanabilir. Tiim bunlar da dikkate alinarak farkli a¢ilarda
dondiirme, kirpma, renk tonu degisimi, keskinlik, bulaniklik ve parca kesimi
veri ¢ogaltma teknikleri veri kiimesine uygulanmugtir.

4. Yontem

Nesne algilama siireci 2012 yilindan itibaren hiz kazanmugtir [8]. Birgok
sektor temsilcisinin sorunlarina ¢oziim aramasi ve ¢oziim Onerilerinin derin
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Ogrenme tabanli olmasini istemesi bu siireci daha da hizlandirarak giiniimiize
ulagmasini saglamistir. Mevecut durumda bircok aragtirmaci nesne algilama
algoritmalarin1  literatiire  kazandirmuglardir.  Ancak bu  algoritmalarin
birgogu yiiksek dogruluk sunmasina kargin gergek zamanl algilamada
(>30FPS) vyetersiz performans sergilemektedir. Bu durum algoritmalari
tek ve ¢ift agamali olarak ikiye ayirmigtir. Tek agamali olarak isimlendirilen
algoritmalarin ger¢ek zamanli algilama yapma yetenegi bulunmaktadur.
Ayrica dogruluk oraninda da oldukga iyi sonuglar vermektedir [9]. Tiim bu
stiregler ve ¢aligmanin amaci dikkate alindiginda son teknoloji nesne algilama
modeli olan YOLOVS8 ¢aligma kapsaminda kullanilmistir.

4.1. YOLOvVS

Ultralytics tarafindan 2022 yilinda gelistirilen ve YOLO ailesinin son
tyesi olan YOLOVS sektor temsilcileri ve gelistiriciler tarafindan siklikla
kullanilmaktadir [10]. YOLOvVS8, onceki YOLO siiriimlerinin bagarisini
temel alan, performansi ve esnekligi daha da artirmak i¢in yeni Ozellikler
ve lyilestirmeler sunan son teknoloji {irtinii bir modeldir. YOLOv8
hizli, dogru ve kullanimi kolay olacak gekilde tasarlanmugtir. Bu 6zelligi
aragtirmacilarin amaglart dogrultusunda ¢esitli nesne algilama ve izleme,
ornek segmantasyon, goriintii siniflandirma ve poz tahmin gorevleri igin
miikemmel bir se¢im haline getirmektedir. YOLOV8’in diger bazi YOLO
modellerine gore sagladig: iistiin performans sagladigi grafiksel gosterim
Sekil 3’de verilmektedir.

65
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Sekil 3. YOLOvS modelinin diger YOLO modelleri ile karsilasturilmase

YOLOVS beg adet farkli varyantlara sahip olmakla birlikte diger algilama
modellerine ait varyant tiirlerine gore de dogruluk ve ¢ikarim oraninda
daha istiin performans sergilemistir. Cikarim hizi arttik¢a dogruluk
oraninda da artig olmast normal bir siiregtir. Bu durum tek ve gift agamal
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dedektorler arasindaki temel farki olusturmaktadir. Ozellikle gergek zamanlt
algilama  stireglerinde tek asamali dedektorlerin  kullanilmasinin - temel
amaci budur. Hizli ¢ikarim siiresi ve kabul edilebilir dogruluk orani gergek
zamanl algilayicilar igin tercih sebebidir. Ornek segmentasyonu, nesne
tespitinden bir adim daha ileri gider ve bir goriintiideki nesnelerin tek tek
tanimlanmasini ve bunlarin gortintiiniin geri kalanindan segmantasyonunu
icerir. Ornek segmentasyon modelinin giktisi, goriintiideki her nesnenin ana
hatlarint gizen bir dizi maske veya konturun yani sira her nesne igin siif
etiketleri ve giiven puanlaridir. Ornek segmentasyonu yalnizca nesnelerin bir
goriintiide nerede oldugunu degil ayn1 zamanda tam seklinin ne oldugunu
da bilmeniz gerektiginde kullanighdir. Bu ¢aliyma kapsaminda YOLOv8x-seg
varyant1 kullanilmigtir. mAPbox ve mAPmask degerlerini diger varyantlara
gore oldukga yiiksektir. Yiiksek parametre igerdigi i¢in algilama hizi diger
varyantlara gore biraz daha diigiiktiir.

5. Arastirma Bulgular:

Gorme engelli bireylerin topluma entegresinin oniindeki en biiyiik
engellerden birisi olan kentsel altyapr elemanlardan yiiriime yiizeyi
isaretlerinin Ornek segmantasyon islemi yapilmistir. Gelisen teknoloji ile
kafa iistii, gozlitk baglantili kamera yardimiyla yiiriime yiizeyi isaretlerinin
nerede oldugu ve nasil gidilecegi yonlendirilmesi son derece 6nemlidir. Bu
teknolojinin saglanmasi igin ilk olarak yliriime yiizeyi isaretlerinin 6rnek
segmentasyonu yapilmalidir. Bu amagla YOLOv8x-seg varyant1 dikkate
alinmugtir. Mevcut altyapr olanaklar1 da dikkate alinarak bu ¢aligmada farkl
bolgelerdeki goriintiilerinden faydalanilmistir. Bu veri kiimesinde toplam
172 yiiriime yiizeyi isaretlerinin goriintiisii bulunmaktadir. Tlk olarak
Roboflow tool'u ile engelli yollar1 etiketlenmigtir. Egitim iglemlerinden
once veri seti %90 egitim ve %10 dogrulama olarak ayrilmigtir. Egitim
stireci Google Colab Tesla T4 GPU destegi tizerinden saglanmigtir. Ancak
yazarlar bu sistemin gergeklegsmesi durumunda mevcut veri seti ile bazi
olumsuzluklar yaganacagini 6n gormiiglerdir. Gorme engelli bireyin olasi
bir diigmesi, hava durumunun kotiilesmesi ve oniindeki bazi engellerin
ylriime yiizeyi igaretlerini kapatmast gibi durumlarda dikkate alinarak veri
cogaltma iglemi yuriitiilmiistiir. Yaganilabilecek olumsuzluklar miimkiin
oldugunca modelimize tanimlanmugtir. Ham veri (n_veri) ve veri ¢ogaltma
islemi uygulanmug veri kiimesi (aug_veri) tizerinden iki farkli egitim analizi
saglanmigtir. Tablo I’de YOLOvV8 modeline ait hiper parametreler yer
almaktadir.
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Tablo 1. YOLOVS igin hiper parametrelerin degerleri

ik Agirlik
Model ogrenme Batch Size Momentum Azalmasi Epoch
orani
YOI;eOgVSX' 0,01 8 0.8 0,0005 30

YOLOVS algilama modeli ile saglanan egitim siireci sonunda elde edilen
sonuglar detayl olarak Tablo 2°de verilmektedir. Precision, Recall, mAP
ve F1 skor degerleri nesne algilama modellerinde degerlendirme kriterleri
olarak kullanilmaktadir [11]. Tablodan da anlagildig1 tizere tiim degerlerde
diizenlenmis aug_veri kiimesi daha iyi performans sergilemigtir.

Tablo 2. Model degerlendirme kriterlevinin analiz sonuclar:

Sinif Precision Recall

n_veri aug_veri n_veri aug_veri

Box Mask Box Mask Box Mask Box Mask

0,832 |1 0872 (0873 0,700 |0,845 |1 1
disabled- | MAPS0 mAP50-95
Way  In_veri aug_veri n_veri aug_veri

Box Mask Box Mask Box Mask Box Mask

0,727 10,925 (0,960 (0,960 [0,543 [0,702 [0,733 |0,751

Degerlendirme kriterlerinin daha iyi anlagilabilmesi i¢in agagida esitlikleri
verilmektedir. Denklemlerdeki ifadeler; TP (Dogru Pozitif), dogru sekilde
tespit edilen gorme engelli yol olusumunu, FP (Yanls Pozitif), géorme engelli
yol olarak tespit edilen diger nesnelerin sayisini ve FN (Yanlig Negatif), tespit
edilmemig/gozden kagan gorme engelli yol olusumunu temsil eder [11].

p . s _ _TF
recision = ——— (0
TP
Recall = P 2)

(Precizion x Recall)
(Precizion+Recall ) (3)

F1 score = 2x
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mAP = 2EXZ7 4P, )

Esitliklerden de gortildiigii tizere TP, FP ve FN olusumlar1 degerlendirme
kriterlerinin temelini olugturmaktadir. Bu degerler egitim analizleri
sonucunda elde edilen karigiklik matrisinde sunulmaktadir. Sekil 4’de n_veri
ve aug_veri veri kiimesine ait karigiklik matrisleri yer almaktadir. aug_veri
veri kiimesine gore yapilan analiz sonuglarinda dogruluk oranin daha yiiksek
oldugu goriilmektedir.

(a) (b)

i

Sekil 4. Karisiklik matvisleri, (a) n_veri, (b) ang_veri

Degerlendirme kriterlerinin grafiksel gosterimleri Sekil 5 ve Sekil 6’da
sunulmaktadir. Ozellikle Precision ve Recall degerlerin anlami algilanan
nesneye gore degiskenlik gostermektedir. Precision, TP ve FP’ye baglh iken
Recall, TP ve FN’ye baghdir. Eger bir diigman savas ugagini algilayan sistem
inga ediliyorsa FN olugumun olmast asla istenmez. Yani Recall degerinin
kesinlikle 1 degerine ulagilmas istenir. Farkli bir 6rnekte ise kanserli hiicre
tespitinde de FP olugumu istenmez. Ancak gorme engelli yollar algilamak
ciddi bir siireg gerektirse de hata olugumlart geri doniilemez sonuglar
dogurmamaktadir.
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n_veri ve aug_veri olarak adlandirlan iki farkli veri kiimesi {izerinden
yapilan analiz sonuglarinin detaylar1 incelendiginde veri gogaltma igleminin
basarili oldugu gortilmektedir. Model degerlendirme kriterlerinden F1 puani
literatiirde siklikla degerlendirme agamalarinda kullanilmaktadir. aug_veri
kiimesine ait F1 puani daha yiiksek degerlere ulagmaktadir. Ayrica diger
degerlendirme kriterleri olan Precision, Recall ve mAP degerlerinde de aug_
veri kiimesi daha iistiin performans sergilemistir.

YOLOVS ile ger¢eklesen egitim iglemlerinden sonra her iki veri kiimesi
iginde test siiregleri gergeklestirilmistir. Farkli bolgelerden elde edilen gborme
engelli yol goriintiilerine ait test iglemleri modelin saglamligini ispat etmek
igin 6nemlidir. Test islemlerinde giiven degeri 0,25 olarak belirlenmistir. Bu
deger FN ve FP olugumlarinin en diigiik oldugu durumdur. Sekil 7°de test
sonuglar1 yer almaktadir.

disaobled—way 0.91
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disabled—way 0.48

Sekil 7. YOLOv8x-sey test sonuglar:

Test sonuglar1 incelendiginde gorme engelli  yollarimin  6rnek
segmantasyonlari yiiksek giiven oranlari ile elde edilmistir. Yiirtime yiizeyi
isaretlerinde kopma olmasina ragmen o alaninin model tarafindan ayri
tutulmasi olduk¢a 6nemlidir. Bu durum model de agir1 uyum olmadigin
yeterli uyum oldugunu gostermektedir.

6. Sonuglar

GoOrme engeline sahip bireylerin yiiriime yiizeyi isaretlerinin yonlendirmesi
ile hayatlarini daha rahat ve giivenli olarak siirdiirdiigii bilinmektedir. Ancak
bazi durumlarda yiizey isaretlerinde kopma ve dagilma yasanmaktadir.
Bakim ve onarimda yaganilacak gecikme gorme engelli bireyler igin
giivensiz bir ortam olusturur. Ayrica gelisen teknoloji ile birlikte kamere
ve sensor donanimlarinin kafa tstii ve gozliik yaninda kullanilmas: engelli
bireye yonlendirme yapilabilir. Bu teknolojinin uygulanmasinda 6rnek
segmantasyon anahtar rol oynamaktadir. Bu amagla galiyma kapsaminda
gorme engelli yollarin 6rnek segmantaston siireci YOLOVS ile ylirtitilmiigtiir.
Bu teknolojinin kullanilmast durumunda yasanilacak olumsuzluklar dikkate
alinarak farkli veri gogaltma islemi yiriitiilmistiir. Bu durum modelin
saglamligini artirmigtir. Test gortintiilerinden elde edilen sonuglar yiiksek
giiven orantyla segmantasyon ¢ikarimi yapildigini gostermektedir.
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Tavuk Stirtisii Optimizasyon Algoritmasiyla
Amazon Miisteri Yorumlar1 Uzerinde Duygu
Analizi

Nagihan Yagmur'

Ozet

Internet kullamminin artigtyla birlikte gesitli platformlarda duygusal ve
tikirsel ifadelerin paylagilmasinin 6nemini vurgulanmakta ve bu baglamda
metin madenciligi ve makine 6grenmesi tekniklerinin duygu analizi
tizerindeki etkileri incelenmektedir. Internet tizerindeki kullanict yorumlari,
riinler; filmler ve hizmetler hakkinda geri bildirim saglamak amaciyla
yaygin bir sekilde kullanilmaktadir. Bu ¢aliyjmanin odak noktasi, UCI
Machine Learning Repository’den elde edilen 1000 Ingilizce Amazon
miigteri yorumlar1 {izerinde Tavuk Siiriisti Optimizasyon Algoritmasi (TSO)
kullanarak duygu analizi gerceklestirmektir. Kelime ¢antasi (Bag of Words)
ozniteligi ve metasezgisel algoritma kullanilarak yapilan siniflandirma iglemi,
dogrusal ve karesel modellerle gergeklestirilmistir. Caligmanin sonuglart,
onerilen yontemin her iki model igin de yiiksek basar1 gosterdigini ve TSO
algoritmasinin metin madenciligi ¢alismalarinda etkili bir ara¢ olabilecegini
gostermektedir. Gelecekteki ¢alismalarda, daha fazla 6znitelik kullaniminin
daha iyi sonuglara yol agabilecegi ve TSO algoritmasinin metin madenciligi
alaninda daha sik kullanilacag: diistiniilmektedir.

1. Giris

Internet kullaniminin - son  yillarda artmasi, insanlara duygu ve
diisiincelerini farkl platformlarda ifade etme konusunda genis bir imkan
sunmaktadir. Internet, bilgi kesfi ve erisim konusunda kullanicilara biiyiik
Olgiide katkida bulunmaktadir. Tatil veya otel rezervasyonu yapmak, bir
triin hakkindaki duygularini diger potansiyel kullamicilara iletmek, film
izlemeden Once yapilan yorumlar1 okumak gibi faaliyetler ©6ncesinde,
insanlar genellikle bagkalarinin diigiincelerini 6grenmek amaciyla interneti ilk

1 Kiitahya Dumlupinar Universitesi, nagihan.yagmur@dpu.edu.tr, 0000-0002-6407-4338
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bagvurduklari kaynak olarak kullanmaktadirlar. Insanlar, internet araciligiyla
aldiklar1 hizmetlerle ilgili deneyimlerini paylagarak, olumlu veya olumsuz
diisiincelerini digerleriyle internet ortaminda paylagma egilimindedirler.
Kullanicilar tarafindan yapilan bu yorumlardan elde edilen faydal bilgiler,
hem tiiketiciler hem de {ireticiler igin biiyiik 6nem tagimaktadir. Bir iiriin
satin almay diigiinen bir kisinin tiim yorumlar1 okumasi zaman alic bir stireg
oldugundan, iirtinle ilgili bilgileri ¢ikarmak i¢in metin madenciligi ve makine
Ogrenmesi yontemleri 6nemli bir rol oynamaktadir. Metin madenciligi,
yapilandirilmamig metinlerden anlamli bilgiler ¢ikarma stirecini ifade eder.
Bu baglamda, miigteri etkilesimlerini kayit altina almak, kullanicilarin
yorum ve goriiglerini incelemek igin gesitli duygu analizi yontemlerinin
gelistirilmesi biiyiik bir 6neme sahiptir. Duygu analizi, bir metnin duygu
igerip igermedigini ve igeriyorsa bu duygunun olumlu veya olumsuz olup
olmadigini belirleme siirecini ifade eder [1]. Bu veri analizi yontemi,
metindeki kelimeleri ve kelime ©beklerini kullanarak metnin duygusunu
¢tkarmaya odaklanir. Duygu analizi problemine dair literatiirde birgok
galiyma bulunmaktadir. Farkli makine 6grenmesi tekniklerinin uygulandigi
bir duygu analizi ¢aligmasinda, IMDB platformundan alinan film yorumlari
olumlu ve olumsuz olarak simiflandirilmistir [2]. Bagka bir ¢aligmada ise
Tiirkge dokiimanlardaki sik gegen kelimeler (stop words), 2 ve 3-gram’lar,
istatistik ve dilbilgisi nitelikleri kullanilarak 6zellik vektorleri ¢ikarilmugtir
[3]. Bagka bir metin simiflandirma g¢aligmasinda ise Anadolu Ajansr’'ndan
alinan 2600 haber verisi ile ekonomi, saglik, spor ve politika kategorilerindeki
makaleler siniflandirilmugtir. Bu ¢alismada KNN ve naive Bayes siniflandirma
algoritmalari, bit frekansi ve TE-IDF agirliklandirma yontemleri kullanilarak
test edilmig ve sonuglar kargilastirilmigtir. Bu karsilagtirmada en iyi bagari
TF-IDF kelime agirhklandirma metodunu kullanan naive Bayes modeli
tarafindan elde edilmistir [4]. Twitter platformunda “Torku” kelimesi ile
ilgili paylagimlarin incelenerek, kullanicilarin duygusal tepkileri TextBlob ve
VaderSentiment kiitiiphaneleri kullanilarak yapilan bir ¢aligmada etiketlenmig
veri seti lzerinde dort farkli makine 6grenmesi modeli egitilerek, duygu
agirhiklart belirlenmistir [5]. Bu modeller daha sonra karsilagtirilarak,
“Torku” kelimesiyle ilgili genel goriisleri en iyi sekilde ifade eden model
tespit edilmeye ¢aligilmistir. Bu siire¢ sonucunda, kullanicilarin “Torku”
hakkindaki duygusal egilimleri oranlariyla birlikte ortaya ¢ikarilmigtir. Destek
vektor makineleri, naive Bayes ve yapay sinir aglari kullanilarak Arapga
metin simiflandirilmast yapilan bir ¢aligmada 1400 Arapga dokiimandan
veri seti olugturulmug ve en yiiksek performans yapay sinir agindan elde
edilmigtir. Bagka bir caligmada makine 6grenmesi ve kelime dizilimi (lexical
sequence) kullanilarak metinlerin polaritesini otomatik bir gekilde ifade eden
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algoritmalar gelistirilmistir [6]. Yapilan bagka bir ¢alismada www.hepsiburada.
com adli web sitesinden alinan tiiketici yorumlar1 tizerinden ¢alisilmistir
[7]. Yorumlarin morfolojik analizinin yapilmasindan sonra, sozciik tiirleri
ve aldiklar1 ekler belirlenmigtir. Metinlerden negatif veya pozitif anlamlar
tagtyan bilginin ¢ikarilmasr igin, iiriin 6zelligini belirten kelimeler ile bunlar
niteleyen sifatlar onceden tespit edilmigtir. Yorum ciimleleri igin  climle
dizilisine ve Tiirk¢e dilbilgisi kurallar1 gore agag¢ yapisi olusturulmustur.
Istenilen ozelliklerin tespit edilmesi igin olusturulan bu agag yapsi iizerinde,
Derinlik Oncelikli Arama (DES) algoritmastyla arama yaparak sonuca ulagan
bir yazilim geligtirilmistir. Bir arastirmada, Twitter kullanicilarinin Tyi Tarim,
organik tarim ve siirdiiriilebilir tarim konularindaki duygu ve diistinceleri
duygu analizi yontemi kullanilarak incelenmistir [8]. Toplam 15,984 tweet,
tarimla ilgili Gi¢ farkli hashtag grubunda metin madenciligi teknigiyle
degerlendirilmigtir. Duygu analizi sonuglari, kullanicilar arasinda bu tarim
teknikleri hakkinda anlamli farkliliklar oldugunu ortaya koymustur. Iyi Tarim
uygulamasinin Twitter kullanicilart arasinda en popiiler ve giivenilir tarim
uygulamasi oldugu belirlenmistir. Miisteri yorumlarinin polarizasyonunu
hedefleyen bir analizin yapildig1 ¢alismada Destek Vektor Makineleri, Naive
Bayes, Maksimum Entropi, C4.5 ve Yapay Sinir Aglar1 gibi makine 6grenimi
algoritmalar1 kullanildig1 bir ¢aligmada ve performanslart kargilagtirilmugtir
[9]. Bagka bir galiymada ise yapay sinir aglar1 kullanilarak Bitcoin fiyatlar
ve sosyal medyadaki beklentilerin analizi gergeklestirilmigtir [10]. Toplam
2,819,784 tweet kullanilarak siniflandirma algoritmalar1 uygulanmistir.
Yapilan degerlendirmeye gore, Yapay Sinir Aglarr’min metin simiflandirma
konusunda %90’lik bir dogruluk oranma sahip oldugu belirlenmistir.
Avrupa’daki otellerin incelendigi ve otel yorumlarinin siniflandirildigy bir
caliymada 12,500 otel yorumu olumlu ve olumsuz kategorilere ayrilmistir.
[11]. Metinler TEF-IDF matrisi ile temsil edilmis ve Rastgele Orman, Naive
Bayes, DVM, Karar Agaglar1 gibi algoritmalar kullanilarak simiflandirilmistur.
Amazon’dan alinan iirlin yorumlar: veri seti kullanilarak makine 6grenimi
metodlariyla duygu analizi siniflandirma performanslart analiz edilmistir
bagka bir galigmada 12,500 otel yorumu olumlu ve olumsuz kategorilere
ayrilmugtir.  [12]. Bu ¢aligmanin amaci, yorumlarda duygu bulunup
bulunmadigini tespit etmek ve duygu igeriyorsa bu duygunun olumlu,
olumsuz veya tarafsiz olma durumunu belirlemektir.

Bu ¢aliymada, analizde kullanilan veri kiimesi UCI Machine Learning
Repository’nin agik erisimde bulunan sitesinden indirilmis 1000 adet ingilizce
Amazon miigteri yorumlarini igermektedir [13]. Alinan yorumlar tizerinde
kelime ¢antast (Bag of Words (BoW)) Oznitelikleri ile metasezgisel bir
algoritma olan Tavuk Siiriisii Optimizasyon Algoritmast (TSO) kullanilarak
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dogrusal ve karesel formda modelleme ile simiflandirma islemi yapilarak
siniflandiricilarin - performanslart  kiyaslanmigtir. - Sonug  olarak  6nerilen
yontemin her iki model igin de bagarili sonug gosterdigi goriilmiistiir.

2. Yontem

Metin Onisleme, Oznitelik Cikarimi, Ozellik Segimi, Veri Madenciligi ve
Degerlendirme adimlarindan olugmaktadir [14].

2.1. On Islemler

Metinler iizerinde 6n igleme yapmak, metin analizi siiregleri igin
gerekli olan bir adimdir. Metinleri analiz edebilmek ve metinsel verilerin
saysallagtirlmasini kolaylagtirmak igin verilerin tutarli hale getirilmesi
islemleri 6n isleme agamasi olarak adlandiriimaktadir. Metinlerin analizinde
veri setinin toplanmasinin ardindan bir sonraki agama metin 6n isleme
agamasidir. Bu agamanin amaci, metini sayisallagtirmak igin uygun bir
formata getirebilmektir. Asamalar genel olarak, metinin kelimelere ayrilmast,
metin igindeki kelimelerin biiyiik/kii¢lik harf doniigiimlerinin saglanmast,
metin iginde gereksiz noktalama isareti veya rakamlarin temizlenmesidir.
Daha sonra metin iginde anlamsiz olarak tabir edilen durak kelimelerin (stop
words) ¢ikarilmasi saglanarak metnin gereksiz kelimelerden temizlenmesi
saglanmaktadir. Sonraki agamada kelimelerdeki eklerin (zaman, iyelik
vb.) ¢ikarilarak kok bulma iglemleri yapilmaktadir. Boylece metinler,
sayisallagtirilarak, analiz edilmeye uygun formata doniistiiriilmiis olur.

Tablo 1’de UCI Machine Learning Repository’den alman 1000 adet
ctiketli miisteri yorumlarimni igeren veri setinden ilk 10 yorum gosterilmigtir.

Tablo 1. Veri setinden alman titketici yorumlar: ornegi.

Sira | Yorumlar Sonuglar

1 | So there is no way for me to plug it in here in the US unless I go by 0
a converter.

2 | Good case, Excellent value. 1

3 | Great for the jawbone. 1

4 |Tied to charger for conversations lasting more than 45 minutes.
MAJOR PROBLEMS!!

5 | The mic is great. 1

6 | Ihave tojiggle the plug to get it to line up right to get decent volume.

7 | If you have several dozen or several hundred contacts, then imagine 0
the fun of sending each of them one by one.

8 |Ifyou are Razr owner...you must have this! 1

9 | Needless to say, I wasted my money. 0

10 | What a waste of money and time!. 0
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Metin On igleme siirecinde, veri seti tizerinde ilk olarak metinler kelimelere
ayrimigtir. Daha sonra ciimleler noktalama igaretlerinden temizlenmigtir.
Kok indirgeme iglemi yapilarak her bir kelime koklerine indirgenmigtir. En
son agamada da metin i¢inde bulunan durak kelimeler metinden atilmugtir.
Tablo 1’de goriilen ilk 10 climle i¢in 6n isleme sonucu Tablo 2’de verilmistir.

Tablo 2. On isleme sonucu ille 10 ciimle.

Sira Yorumlar
wal plug unless convert
2 |good case excel valu
3 | great jawbon
4 |charger |convers |last minut major problem
5 |mic great
6 |jiggly plug get line right decent volum
7 |sever dozen hundr contact  |imagin  |fun send
8 |razr owner thi
9 |needless |sai wast monei
10 | wast monei time

2.2. Oznitelik Cikarim

Oznitelik gikarimi, veri setinden ilgili 6zniteliklerin segilerek ilgisiz
ozniteliklerin veri setinden ayrilmasini igerir. Oznitelik segiminde amag, ele
alinan veri setini en iyi ifade eden alt kiimeyi olugturmaktir [15], [16].Yani
Oznitelik ¢ikarimi sayesinde, veri setinde ilgili olmayan veriler ¢ikarilmig
olup, veri kiimesi sayis1 azaltilir. Boylece daha az veriyle algoritmalar daha
hizli ¢alisir ve elde edilen anlaml veriler ile modelleme basarisi da artar.

Literatiirde bir ¢ok 6znitelik se¢im yontemi bulunmaktadir [17]. Fisher
Skor, Ki- Kare Testi, BoW, Fasttext, Word2Vec, Terim Siklig1 — Dokiiman
Siklig1 (TF-IDF), Glove, LSA, N-gram bunlardan bazilaridir. Bu galigmada
oznitelik vektor olugturmada BoW yontemi kullamilmistir. BoW’da metin
igerisindeki tiim kelimelerin dokiimandaki kullanim siklig1 hesaplanarak bir
cantada toplanir [18].
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Tablo 3. Negatif ciimlelevdeki 10 kelime i¢in BoW ozniteliginin ¢ikaruna.

Sira 1 |2 3 4 5 6 7 8 9 10

Kelimeler |wai |plug |unless [convert [charger |convers |last |minut|major [problem

Sayt 5 |12 |3 1 12 |4 15 2 |15

Tablo 4. Pozitif ciimlelerdeki 10 kelime igin BoW ozniteliginin ¢iharuma.

Sira 1 2 3 4 5 6 7 8 9 10

Kelimeler [good |[case [|excel |value |great |jawbon |mic |razr |owner |thi

Say1 61 23 28 5 92 3 2 3 1 105

Tablo 4’e gore, “good” kelimesi pozitif climlelerde 61 kere, Tablo 3’e gore
“problem” kelimesi negatif ctimlelerde 15 kere ge¢mistir.

Tablo 5°te veri setindeki 10 yorum igin, her bir yorumun pozitif ve negatif
olmak tizere 1x2 boyutunda Bag of Words’ii olusturulmugtur.

Tablo 5. Verisetindeki ilk 10 ciimle icin BoW degevieri.

Sentences Row Positive BoW Negative BoW Result
(PBoW) (NBoW)
1 5 21 0
2 117 26 1
3 95 5 1
4 23 49 0
5 94 7 1
6 30 48 0
7 8 16 0
8 109 99 1
9 6 42 0
10 14 54 0

2.3. TSO Yonteminin Duygu Analizi Problemine Uygulanmasi

Tavuklarin, horozlarin ve civeivlerin yiyecek arayisgindaki davraniglarini
modellemek amaciyla gelistirilen doga tabanli bir algoritma olan TSO, 2014
yilinda Xianbing Meng, Yu Liu, Xiaozhi Gao ve Hengzhen Zhang tarafindan
literatiire kazandirilmugtir [19], [20]. Bu algoritma, tavuklari siirii halindeki
dogal davraniglarina dayanarak kategorize eden bir modeli temsil etmektedir.
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HSO algoritmasi, siirlide horozlar, tavuklar ve civcivlerden olugan
gruplara dayanmaktadir [19], [20]. Horozlar, en yiiksek uygunluk degerine
sahip bireyler olarak belirlenir ve ayn1 zamanda siiriide lider olarak hareket
ederler. Civcivler ise siiriideki en diigiik uygunluga sahip bireyler olarak
tanimlanir. Geriye kalan bireyler ise tavuk olarak adlandirilir. Her alt gruptaki
tavuklar, yiyecek arayisinda lider konumundaki horozlar: takip ederler. Arada
sirada, diger tavuklardan yiyecek ¢alma durumlar1 da yaganabilir. Civcivlerin,
diger bireyler tarafindan bulunan yiyecekleri rastgele calabilecegi ve her
civcivin yiyecek arama sirasinda annesini takip ettigi varsayilir. Siirii igindeki
hiyerargik diizen, rastgele segilen tavuklara, rastgele segilen civcivlerin annesi
rolii verilerek korunur [19], [20].

Pozisyon degistirme iglemleri, yiyecek arama siirecinde 6nemli bir
rol oynar. Bu islemler, horozlar, tavuklar ve civcivler igin farkh sekillerde
gergeklestirilir. TSO algoritmasinin hiyerarsik yapisi, Sekil 2°de gosterilmistir.

Algoritmada kullanilan denklem 2, denklem 1’e bagh olarak horozlarin
konum degistirme formiiliinii ifade etmektedir. Bu formiil, horozlarin en
iyl uygunluk degerlerine dayanarak yiyecege ulagma stratejilerini belirler.
Horozlar, en yiiksek uygunluk degerlerine sahip olduklar1 igin, yiyecege
ulagma konusunda 6ncelikli konumlandirilirlar ve bu durum daha genig bir
alan1 kapsamalarin saglar [21].

1, if pfit; = pfity.
= (pfity— pfit;) 3 EelLNLk=1t
7 { (—l_ﬂ;l'[‘l'l+-5 ) otherwise ' [19]’ [21] (1)
xE}-L = xEJ- * {1 + Randn{ﬂ,a]} [19]3 [21] (2)

Denklemde, xE i sembolii, 7. tiyenin # zamanindaki konum bilgisini
temsil eder. Horoz grubundan rastgele se¢ilmig bir horoz, % ile gosterilir ve
uygunluk degeri pfit'e sifira bolme probleminden kaginmak amaciyla sabit
bir deger () ile diizeltlir [19], [21]. r1 ve 2 ise stiriden segilen rastgele
bir tavugu veya horozu temsil eder.

_ (pfiti—pfitry) 3
S51=e (cbg[_ﬂfl’tl-+s| ) [19]’ [21] ( )
52 = explpfit, —pfit) [19], [21] )

§,, iki tavugun uygunluk degerleri arasindaki farki ifade eden bir olgiidiir;
yani, tavuklarin konumlari arasindaki mesafenin biiyiik oldugunu belirtir.
Bu durum, tavuklarin diger tavuklardan kolayca yiyecek galamayacaklar
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anlamma gelir. S$y’nin kiigiik olmasi, siirli igindeki bireyler arasindaki
uzakhigin arttigini ve rekabetin azaldigini gosterir. §; formiilii, §,’den farklt
bir 6lgiidiir ¢iinkii grup iginde rekabet s6z konusudur. Eger $,’nin degeri 0
ise, bu durum tavugun kendi bolgesinde horozu takip ettigi anlamina gelir,
yani yiyecek arama stratejisinin daha bagimsiz oldugu bir durumu ifade eder.
Tavuklarin hareketi, Denklem 5°te belirtilen bir formiil ile ifade edilir.

xfjl = xEJ- + 5, = ﬂmri{xf.u - xEJ-} + 5, * rand {x,t,!_j - xEJ-} [19], [21] (5)

Bu formiil, tavuklarin mevcut konumlarina ve siirii lideri olan horozun
konumuna dayanarak, yiyecek arama sirasinda izledikleri yolun matematiksel
bir ifadesini sunar.

Yiyecek arama siirecindeki civcivlerin konumlandirilmasi, algoritmada
Denklem 6 ile belirtilmigtir. Bu denklem, civcivlerin anneleri etrafinda nasil
hareket edeceklerini ve yiyecek arama stratejilerini ifade eder. FL sembolii
ise bir civcivin annesini ne kadar hizli takip edecegini gosteren temsili bir
parametreyi temsil eder [21].

xft =xl; + FL s (xhommer; — x5;)[19]. [21] (6)

Veriler, Model-1TSO dogrusal formu ve Model-2TSO karesel formu iki
farkli formda modellenmis ve test edilmistir. Bu modellerin her biri, duygu
analizi veri setini siiflandirma konusundaki performanslarini belirlemek
amactyla ¢egitli formiillerle ifade edilmistir.

Tiblo 6. TSO’nun wygulandyj modeller.

TSO uygulanan Model Ismi Model Tipi
Model-1TSO Coklu Lineer Form
Model-2TSO Coklu Karesel Form

Tablo 6°da gosterildigi gibi, Model-1TSO dogrusal formu ve Model-
2TSO karesel formu her birinin kendi igerisinde benzersiz bir matematiksel
ifade ve modelleme sekline sahiptir. Bu modeller, TSO algoritmasinin
kullanct yorumlarint simiflandirmak igin farkli matematiksel formiilleri
nasil kullandigini ve bu formiillerin hangi durumlarda daha etkili oldugunu
anlamak amaciyla olugturulmustur.

Elde edilen negatif ve pozitif BoW 6znitelikleri Denklem 7°de sunulmustur.
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Q =[Q,.¢:1 (7)
Denklem 7’ye gore, ozellik vektoriintin 1. stitunu (@) pozitif BoW
sayisini verirken, 2. siitun (@, ) negatif Bow sayisin1 vermektedir.

Denklem 8de, 6zniteliklerin kombinasyonu cinsinden uygulanan ¢oklu
dogrusal regresyon modelinin denklemi sunulmaktadir. Bu denklem, duygu
analizinde siniflandirma probleminde kullanilan 6zellik vektoriiniin veri seti
degiskenleriyle olan kombinasyonunu ifade eder. Bu baglamda, NBoW ve
PBoW degiskenleri, ¢oklu dogrusal regresyon modelinde yer alir problemi
siniflandirmak igin kullanilan katsayilarla iliskilendirilir.

k
y = Qp + Q;PBoW + Q,NBoW = @, +ZQ,-I,- (8)
i=1

Duygu analizi degigkenlerinin  kombinasyonu cinsinden uygulanan
goklu ikinci dereceden regresyon modelinin denklemi, denklem 9°da ifade
edilmistir.

y = Qg + Q;PBoW + Q,NBoW
9)
+Q3PBoW? + Q..PBoW.NBoW + Q5. NBoW?

Esitlik 8 ve 9°daki degerler sirasiyla 0 =i < 2 ve 0 <1< 5 ‘tir. Bu
parametreler, Esitlik 8 ve 9 igin belirlenecek olan degerlerdir ve bunlar TSO
kullanilarak belirlenecektir.

N
_1 — 2 10
I{Q}—N;{F X,Q7) 10)

Denklem 10°da X, girdi kiimesini yani kullan1 kullanict yorumlarini, X;
ise 7. ciimle kaydindaki kayitlar1 temsil eder, climle sayis1t N, 7 ise etiket
degerlerini ifade eden g¢oklu dogrusal formdaki maliyet fonksiyonu 6rnek
olarak verilmistir.

Bu aragtirma, veri madenciligi parametre optimizasyonunu ele alarak
TSO algoritmasimi kullanarak model parametrelerini (Q) tahmin etmeyi
hedeflemektedir. Caligmanin temel odak noktasi, duygu analizi ile tiiketici
yorumlarinin siniflandirmasi yaparak veriyi analiz etmektir.
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Bu baglamda, Tablo 7’de agamalar1 verilen TSO algoritmas: kullanilarak
elde edilen model parametreleri, tiiketici yorumlarinin siniflandirilmasindaki
etkinligi degerlendirmek amaciyla optimize edilmeye gahigilacaktir.

Tablo 7. Model-1TSO igin TSO algoritmasmn asamalar:.

Adim 1 | Veri kiimesi tanitilir ve Xtrain, ytrain, xtest ve ytest olarak ayrilmistir.
Adim 2 |Popiilasyon biiyiikliigii (N), maksimum iterasyon sayist (T) tanimlanmustir.
(Calismada N=50 ve T=100 alinmustir.)
Adim 3 | Popiilasvon biiyiikliigii kadar bir Q matrisi tiretilir.
(5<@o<5ve 3<@1, Q2. Qu<3)
Adim 4 | Amag fonksiyonu Denklem 11 dikkate alinarak hesaplanir
I=§[Qn +XEim - @ x,)? (11)
Adim 5 | En diisiik hata degerine sahip amag fonksiyonuna ait Q matrisi bulunur ve
saklanir.
Adim 6 | Tavuklarin uygunluk degerleri siralanarak hiyerarsik bir diizen kurulur.
Siirii daha sonra bir¢ok gruba ayrilacaktir.
Adim 7  |1’nin degerine baglh ola
a) Horozlar i¢in ¢6ziim kiimesi denklem 2 kullamilarak giincellenir.
b) Tavuklar igin ¢6ziim kiimesi denklem 5 kullanilarak giincellenir.
¢) Yavru tavuklarin ¢6ziim kiimesi denklem 6 kullanilarak giincellenir.
Adim 8 | Elde edilen sonug saklanan sonuctan daha iistiinse, giincellenecektir.
Adim 9 | Cift yer degistirme mutasyonu uygulanacaktir.
Adim 10 | Popiilasyon optimize edilecektir.
Adim 11 |Yineleme tamamlanana kadar 5. adima geri doniin.

Tablo 8 ve Tablo 9°da gosterilen katsayilar, TSO algoritmasinin dogrusal
ve karesel modellere uygulanmasi sonucunda elde edilmistir.

Tablo 8. Model-1TSO ile bulunan parametre agwrliklars.

Parameter Agirlik
1(Qy) 0.499
PBoW (Q)) 1.699
NBoW (Q,) -1.313
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Tablo 9. Model-2TSO ile bulunan pavametrve agrliklar.

Parametre Agirlik

1 -3.308

FEoW 0.530
NBoW -0.286
PRoW?2 2.483
PBoW x NBoW 1.663
NBow?2 -0.212

3. Deneysel Calisma

Caligma kapsaminda 1000 adet veri seti %80 egitim ve geri kalan1 test
verisi olarak ayrilmig ve 2 farkli deney gergeklestirilmistir.

3.1 Veri Seti

Caliyma kapsaminda analiz edilen veri, UCI Machine Learning
Repository’nin agik erisimde bulunan sitesinden indirilmis 1000 adet ingilizce
https://www.amazon.com/ sitesinden alinan etiketli miisteri yorumlarini
icermektedir. 500 olumlu, 500 olumsuz olmak iizere toplamda 1000 adet
yorum ele alinmugtir. Bu yorumlar etiketli olup, olumlu ve olumsuz yorum
seklide 2 kategoridedir. Veri setinin %80’1 tanesi egitim seti, %20’si test seti
olarak ayrilmistir.

Bu galismada TSO algoritmast kullanilarak Bag of Words 6zniteligiyle
2 farkhi deney gergeklestirilmistir. Yapilan deneylerle ingilizce tiiketici
yorumlarini igeren ve https://www.amazon.com/ ‘dan alinan veri seti
tizerinde duygu analizi ile siniflandirma amaglanmistir. Sinuflandiricilarin
performansini kiyaslamak igin ROC analizi 6lgiittinden yararlanilmigtir. ROC
analizinin amaci, gesitli metodlar ile elde edilen sonuglarin performansini
kargilagtirabilmek igin, sonuglarin duyarlilik, ozgiilliik ve dogruluk olarak
degerlendirilebilmesini saglayan bir metottur [22]. Analizde kullanilan
ROC parametreleri TP, TN, FP ve EN’dir. TP (Dogru Pozitif); olumlu
olarak smiflandirilmig bir yorumun, analiz sonucunda olumlu olarak
tespit edilmesiyken, TN (Dogru Negatif); olumsuz olarak siniflandirilmig
bir yorumun, analiz sonucunda olumsuz olarak tespit edilmesidir. FP
(Yanls Pozitif); olumlu olarak tespit edilen bir yorumun analiz sonucu
test sonuglarinin olumsuz olarak tespit edilmesiyken, FN (Yanhs Negatif);
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olumsuz olarak tespit edilen yorumun analiz sonucu test sonuglarinin yanlig
olarak yani olumlu olarak tespit edilmesidir.

sccuracy - TPFTN a2
Y = TP Y TN + FP+ FN
TP

_ 13
Becall TP FN (13)
Specificity = —v (14)

pecificity = TN+ FP

TP
racision = ———— 15
Precision TP 1 FP (15)
TP

F1— Score = (16)

2
(2TP + FP + FN)

Denklem 11-15 ROC analizi parametrelerinin formiilasyonlar1 verilmistir.
Bu parametreler incelendiginde Accuracy parametresi, genel dogrulugu ifade
ederek, simiflandirilan yorumlardan yiizde kaginin onerilen yontemle dogru
siiflandinldigy bilgisidir. Sensitivity, ger¢ekte olumlu olarak etiketlenmig
yorumlarin yiizde kaginin Onerilen yontemle olumlu simiflandirildig:
bilgisidir. Specificity parametresi, ger¢ekte olumsuz olarak etiketlenmig
yorumlarin yiizde kaginin oOnerilen yontemle olumsuz siniflandirildigs
bilgisidir. Precision, tiim olumlu etiketlenmis yorumlardan kaginin dogru
tahmin edildigi bilgisidir. F1-Score, Precision ve Sensitivity degerlerinni
harmonik ortalamasidir. Yapilan deneylerde Sensitivity, Specificity, Precision,
Accuracy, F1-Score degerleri bulunarak Tablo 10°da listelenmistir.

Tablo 10. ROC performans analizleri.

Model .. i

Name Accuracy Precision Recall Specificity | F1-Score
Model-

1TSO 0.843 0.799 0.916 0.770 0.854
Model-

2TSO 0.845 0.928 0.748 0.942 0.828

2 farkli model i¢in elde edilen konflizyon matrisleri $ekil 1°de verilmigtir.
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(a) Confusion Matrix (b) Confusion Matrx
0 ek e 0 374 128
30.5% 1.5% 230% TN 125%
g, 42 458 2, E 4
H 42% 45.8% ] 205 a7.1%
5 ]
5 <]
B B
1 15. 15.5%
o b k=1 ~
TargetClass TargetClass

Sekil 1. Onerilen modeller igin konfiizyon matrisleri; (a) Model-1TSO igin konfiizyon
matrisi, (b) Model-2TSO igin konfiizyon matrisi.

Sekil 1 (a)’daki karigiklik matrisi degerlendirildiginde Model-1TSO ile
veri setinde toplamda 157 tiiketici yorumunun dogru siniflandirilamadig:
goriilmiigtiir. Sekil 1(b)’deki karigiklik matrisi degerlendirildiginde Model-
2TSO ile toplamda 155 tiiketici yorumunun dogru siniflandirilamadigy
goriilmiigtiir.

Bu galiymada, tiiketici yorumlarma ait bir veriseti iizerinde BoW
oznitelikleri ¢ikarilarak oznitelikler arasindaki iligkiyi daha etkili bir sekilde
modelleyebilmek amaciyla dogrusal ve karesel senaryolarda gesitli testler
gergeklestirilmistir. Bu testlerde, TSO metodu, her iki senaryo iizerinde
kullanilan farkli modellerle detayli bir sekilde incelenmigtir. Yapilan
aragtirmada, her iki modelin de siiflandirma bagarisinin yiiksek oldugu
sonucuna ulagilmistir. Bu sonuglar, parametreler arasindaki iliskinin tiiketici
yorumlarinin siniflandirilarak duygu analizi yapma problemine katkisinin
onemli oldugunu gostermektedir

4. Sonuglar

Bu galiyma kapsaminda UCI Machine Learning veri tabanindan alinan
https://www.amazon.com/” deki 1000 adet ingilizce miigteri yorumlarini
ieren veri seti lizerinde duygu analizi gergeklestirilmigtir. Ele alinan
titketici yorumlarinin %80’ egitim geri kalan %20’si egitim setine ayrilarak
metasezgisel bir algoritma olan Tavuk Siirti Optimizasyon Algoritmasi
kullanilarak goklu dogrusal form ve karesel formdamodelleme ile siniflandirma
islemi yapilarak BoW Ozniteligiyle siniflandiricilarin performanslar: test
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edilmigtir. Testler sonucunda TSO algoritmasinin uygulandig: iki modelin
de yiiksek basar1 gosterdigi gortilmiistiir.

Gelecek galigmalarda, TSO algoritmasiyla daha iyi performansta
modelleme ve simiflandirma yapabilmek igin daha gok 6znitelik kullanilmasryla
daha iyi sonuglarin alinacagr ve TSO algoritmasinin metin madenciligi
caligmalarinda siklikla kullanilacagy diistintilmektedir.
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Boliim 12

Uc Fazh Fotovoltaik Eviricinin P&O ve DQ

Tabanlh Kontrol Yontemi Kullanilarak Kontroli

Yasemin Onal!

Ozet

Giin gectikge diinyadaki insan niifusu arttik¢a kullamilan elektrik enerjisi de artig
gostermektedir. Giliniimiizde temiz enerji kullanimini hedefleyen birgok iilkede
ve liniversite kampiisiinde fotovoltaik (FV) sistemler kullamilarak yiiksek oranda
enerji tasarrufu yapilmakta ve gevreye zarar veren gaz emilimi azaltlmaktadir.
Son geyrek asirda ilk yatirnm masraflarinda saglanan diistiglere paralel olarak,
FV sistemlerin hizla artan bir kullanimi s6z konusudur. FV sistemler iiniversite
aydinlatmasi, ti¢ fazli eviriciler, sulama sistemleri, ¢iftlik evleri, sebekeden
uzak binalar, uzay araglari, askeri uygulamalar gibi bir¢ok alanlarda yaygin
olarak kullamlmaktadir. Fakat sistem tasarimlari, teknolojideki gelismeler ve
cevresel faktorler ile beraber {iretilen elektrik enerjisinde harmonik, gerilim
¢Okmesi, gerilim yiikselmesi gibi gii¢ kalitesi bozulmalari olugmaktadir. Olugan
bozulmalar FV gii¢ sistemi ¢ikisindaki giigte kayiplara neden olmaktadir. Bu
calismada, FV evirici sisteminden maksimum gii¢ elde edebilmek, elde edilen
gerilim ve akimdaki bozulmalar1 azaltabilmek ve FV sistemden elde edilen giicii
AC sebekeye aktarabilmek igin Degistir & Gozle (P&O) MPPT algoritmast
ve DQ algoritmasindan olugan akim kontrol yontemi Onerilmigtir. Sebekeye
bagli eviricilerde kullanilan referans akim sinyali, P&O algoritmasi kullamilarak
elde edilmekte ve gii¢ sisteminde kullanilan aktif anahtarlarin PWM sinyalleri
senkron DQ algoritmasi kullanilarak iiretilmektedir. Boylece eviricide elde
edilen giig 6nerilen yontem tarafindan kontrol edilmektedir. Onerilen yontemin
MPP izleme basarisi, P&O algoritmast ve DQ algoritmasinin birlestirilmesi ile
gelistirilmigti. MATLAB/Simulink programi kullamilarak degigken 1ginimli FV
beslemeli ti¢ fazh sebeke baglantili bir eviricinin simulasyon ¢aligmasi yapilmig
ve yontemin dogrulugu, simiile edilen sistemde gii¢ verimliligi ve harmonikler
analizi yapilarak test edilmistir. Onerilen akim kontrol yontemi kullanilarak elde
edilen sonuglardan gebeke akimindaki toplam harmonik bozulma degerinin
2.74% oldugu goriilmektedir. Bu deger harmonik standartlarda yer alan deger
araliginda bulunmaktadur.

1 Dog. Dr Bilecik Seyh Edebali Universitesi, Elektrik-Elektronik Miihendisligi, Giilimbe
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1. Girig

Fosil kaynaklardan elde edilen elektrik enerjisinin gevresel etkilerini
azaltmak amaciyla diinya genelinde yenilenebilir enerji kaynaklar: ve yeni
teknolojik sistemlerin kullanimi artmaktadir. Bu kapsamda giines enerjisi
sistemlerinin  kurulum maliyetlerindeki azalma, fotovoltaik (FV) panel
sistemlerinin  kullanimini yaygilagtirmugtir  (OQstergaard ve ark., 2022;
Sabo ve ark., 2022). Tiirkiye, bu kiiresel egilime paralel olarak giineg
enerjisi sistemlerinin benimsenmesinde nemli bir artig yasamaktadir. Ulke
genelinde biiyiik olgekli giineg enerjisi tesisleri bulunmasa da, Mayis 2019°a
kadar kurulan sistemlerin toplam kapasitesi 53746 MW seviyesine ulagmistir
(Akgay, 2020).

Son yillarda, giines enerjisiyle elektrik tiretimi alaninda aragtirmalar hizla
gelismekte ve Ozellikle Fotovoltaik (FV) enerji sistemleri {izerine yapilan
tasarim ve kontrol galigmalar1 artmaktadir (Zhang ve ark., 2022; Al-Shahri ve
ark., 2022). FV enerji sistemleri, dogrusal olmayan yapilariyla bilinirler. Bu
sistemlerde, tek tip giines 15181 altinda belirli bir akim-gerilim karakteristigi
ve buna bagl olarak gii¢-gerilim karakteristiginde tek bir maksimum giig
noktast (MGN) bulunmaktadir. Ayrica, bu MGN’nin konumu giines
1g1nimi ve sicaklik seviyelerine bagli olarak degismektedir. Kaynaklar ile yiik
arasindaki gii¢ farkliliklari, FV sistemlerinden elde edilebilecek maksimum
giicti kisitlamakta ve 6nemli gii¢ kayiplarina sebep olmaktadir. MGN takibi
(MGNI), FV sistemlerinden maksimum gii¢ almak igin yapilan optimizasyon
caligmalarini ifade etmektedir (Boghdady ve Mohamed, 2023).

Literatiirde, FV evirici sistemlerden maksimum giicii elde etmek igin
bircok MGNIT algoritmasi bulunmaktadir. Bu geleneksel yontemler arasinda
Degistir & Gozle (P&O) (Ahmad ve ark., 2019; Saravanan ve Babu, 2016),
tepe tirmanma (HC) (Bendib ve ark., 2015; Danandeh ve ark., 2018), artimh
iletkenlik (IC) (Kjaer, 2012), artimli diren¢ (IR) (Podder ve ark., 2019)
ve bulanik mantik (FL) (Rezk ve ark., 2017) algoritmalar1 bulunmaktadir.
Bu algoritmalar genellikle hesaplanan yeni ¢ikig giiciinii 6nceki panel gikig
giicii ile kargilagtirarak bir referans sinyali iiretmektedir. Ancak, tek tip
giineg 191n1mu1 altinda olan FV sistemler i¢in uygun olup, degisken kogullarda
verimli ¢aligmazlar.

FV sistemlerinden maksimum gii¢ ¢ikigini artirmak ve evirici sistemin
verimliligini artirmak i¢in meta-sezgisel optimizasyon algoritmalari,
yapay sinir aglar1 (ANN) ve bulanik mantik denetleyici (FLC) gibi akill
algoritmalar kullanilmaktadir (Rezk ve ark., 2017; Ali ve ark., 2021; Zafar
ve ark., 2021; Daraban ve ark., 2014; Radjai ve ark., 2014). Ancak, bu
algoritmalarin etkin kullanimi igin FV enerji sistemine dair detayh bilgiye
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sahip olmak ve 1s1n1m, sicaklik, agik devre gerilimi, kisa devre akimi gibi
panelin gesitli parametrelerini online olarak 6l¢gmek gerekmektedir. Ayrica,
FLC tabanl algoritmalar igin ilgili parametrelerin belirlenmesi uzman
bilgisini gerektirmektedir (Radjai ve ark., 2014).

Bu zorluklar1 agmak igin, uyarlamali ag tabanl bulanik ¢ikarim sistemi
(ANFIS) gibi yapay sinir aglar1 ve bulanik mantik birlesimi gibi hibrit
yontemler geligtirilmistir (Guerra, ve ark., 2022; Ibrahim ve ark., 2022).
Bu sistemler, ANN’nin paralel hesaplama ve Ogrenme yeteneklerini,
bulanik mantigin ¢ikarim ozellikleriyle birlestirerek daha etkili bir sekilde
kullanabilmektedir.

Diger yandan, sebekeye bagh FV eviricilerin gebekeye baglanmasinda
en biiyiik sorunlardan biri eviricilerden kaynaklanan harmoniklerdir. Bu
caligmada, harmonikleri azaltmak ve PWM sinyalleri iiretmek igin MGNT
tabanli bir kontrol yontemi Onerilmigtir. Tek asamali FV enerji sistemi
kullanarak, sistemin toplam maliyetini artiran iki agamali sistemler yerine
daha ekonomik bir ¢oziim 6nerilmigtir (Kumar ve Singh, 2017; Sahoo ve
ark., 2018).

Tasarlanan sistemde, bir FV panel sistemi ve MGNI tabanli DQ
yontemiyle kontrol edilen ti¢ fazli bir evirici bulunmaktadir. Evirici igin
P&O MGNIT algoritmast tarafindan bir referans akim sinyali {iretilmektedir.
Elde edilen bu referans akim sinyali, DQ kontrol yontemiyle anahtarlama
sinyallerine doniistiiriiliir ve 50 kW’lik ti¢ fazh eviriciden 380V 50Hz AC
gerilimi elde etmek miimkiin olur. Onerilen DQ kontrol yontemi, sebeke
akimindaki Total Harmonik Distorsiyon (THD) degerini %2.74 seviyesine
diigiirerek, MGN takibini siirdiirtirken FV' panelden ve eviriciden elde
edilen giicii artirmakta ve harmonikleri azaltmaktadir. Gii¢ ve kontrol
sistemi MATLAB Simulink {izerinde modellenmis ve harmonik etkileri
simulasyonlar aracihgiyla degerlendirilmistir.

2. P&O ve DQ Kontrol Yontemi

Sekil 2.1°de gosterilen sistem modeli, sebekeye bagl olan 50 kW’lik tek
agamali tig fazli bir FV eviricinin yapisini igermektedir.
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Sekil 2.1. Tek kademeli sebeke baglantils tic fazls FV evivicinin sistem modeli.

Busistem modeli, FV panelleri, AC/DC evirici ve filtre devresi bilegenlerini
icermektedir. MGNI algoritmasinin gikisinda FV panel sisteminden elde
edilen ¢ikig gerilimi ve akimi kullanilarak panel giicti hesaplanmakta ve P&O
algoritmasi ile referans akim sinyali iiretilmektedir. DQ kontrol yontemi ise
DC giicii, referans akim kullanarak bir DC/AC eviricide sebeke gerilimi ile
ayni faz ve frekansta AC giice doniigtiiriir. Devre simiilasyonu i¢in Matlab
Simulink R2019 kullanilmaktadir.

2.1. FV Giig Sistemi Ozellikleri

Sekil 2.2°de, FV modiil ekran goriintiisii gosterilmektedir. Segilen panel
parametrelerine dayanarak, istenilen gerilim ve gii¢ seviyelerini elde etmek
igin paneller seri ve paralel baglantilarla bir gii¢ sistemi olusturulmustur. FV
sisteminde panellerin seri baglanmasi, sistemin gerilim degerini artirirken,
paralel baglantilar ise sistemin akim degerini yiikseltmektedir (Onal ve
Turhal, 2022). Bu galiymada gii¢ sisteminde toplamda 231 adet panel
kullanilmig olup, bunlarin 11’1 seri olarak, 21’1 ise paralel olarak baglanmustir.
Elde edilen FV panel sistemi degerleri Tablo 2.1°de gosterilmektedir.
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Sekil 2.2. FV modiil ekvan goriintiisii

Tablo 2.1 FV panel sistemi degerlervi

Panel Sayis1 A% ) I
pv pv pv
V) (kW) (A)

21*11=231 850 53 62.48

FV sistemdeki akim-gerilim iligkisinin dinamik degigimini gozlemlemek
amacryla, farkh giines 1smmmi giddeti degerleri sabit sicaklik altinda
uygulanmaktadir. Bu degisen giines 1gimimi giddeti degerleri, Simulink
tizerindeki “builder” blogu kullanilarak uygulanmaktadir. Sekil 2.3°de, FV
modiil girisine uygulanan giineg 1s1nimminin degisim egrisi gosterilmektedir.

Giines 1s11m1

Zaman(saniye)

Sekil 2.3. FV panel givisine wygulanan giines wsimun efrisi
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FV sisteminin Tablo 2.1’de belirtilen degerleri kullamilarak, standart
test kogullarinda (STC) (1000W/m? giines 1s1n1im1 ve 25°C ortam sicakligt)
akim-gerilim ve giig-gerilim grafikleri elde edilmistir. Yapilan simulasyonlar
sonucunda simiile edilen FV panel sisteminde MGN’de gozlemlenen gerilim
ve akim degerleri sirastyla 850V ve 62.48A olarak elde edilmigtir.

FV panel esdeger devresinde bir akim kaynagi, paralel bir diyot, paralel
bir direng ve seri bir direng bulunmaktadir. Seri direng R FV panelde gerilim
diisiimiine neden olan yari iletkenin direncini temsil etmektedir. $6nt direng
R, FV paneldeki kagak direnci gostermektedir. Bir FV panelin akim ve
gerilim denklemleri Esitlik 1, Esitlik 2, Esitlik 3, Esitlik 4 ve Egitlik 5’te
verilmektedir (Nassar ve ark., 2016).

V+IR V+IR
I=1I,-1 [exp(ﬂ—ur‘s— 1)] — IR

R (1)
Ve =n (kT)/q (2)
L, = I, —Llexp((I.R./aVy) — 1] — (I.R,) /R, (3)
Io = ((Ron + R L = Vi) /(R e () @
I, = ((Rg +R,)/Ryp)1,, (5)

Burada I v foton akimi, I diyot ters doyma akimi, R_ seri direng, R_,
paralel direng, A ideal diyot faktorii, V. diyot gerilimi, g elektron yiikii, %
boltzmann sabiti, 7 seri bagl hiicre sayisi, T" ortam sicakhigy, [ kisa devre
akimidir.

2.2. DQ Kontrol Yontemi

Sekil 2.4te, ii¢ fazli bir sebeke FV eviricideki anahtarlarn PWM
sinyallerini iiretmek amaciyla tasarlanmig olan DQ kontrol devresi ve Sekil
2.5’te olgiim devresi goriilmektedir. Bu kontrol devresi, MGNI blogu,
PLL blogu, abc/dq doniisiim blogu, dq/abc ters doniigiim blogu ve PWM
blogundan meydana gelmektedir.
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Sekil 2.4. Ug fazl sebekede bagflantils fotovoltaik evivicinin DQ akum kontrol devresi

Yapilan cahgmada, literatiirdeki diger MGNI algoritmalarina kiyasla
diigiik sistem karmagiklig1 ve yliksek verimlilik sunmasi sebebiyle P&O
MGNI algoritmast tercih edilmistir. Fotovoltaik panelin STC MGN’de
caligabilmesi i¢in optimal yiik noktasini bulmak, bu noktada ¢alistirmak ve i
tazli FV eviricideki aktif anahtarlar1 uygun agida tetiklemek gerekmektedir.
FV sistem gikigindaki akim ve gerilim degerleri olgiilmekte ve bu degerler
MGNI bloguna giris olarak aktarilmaktadir. DQ akim kontrolii igin referans
akim sinyali, MGNT blogunun ¢ikigindan elde edilmektedir.

L R
oo E._.EJWL\W@_“
dd e

el —

Sekil 2.5. Fotovoltaik evivicinin olgiim devresi

Ug fazli AC eviricinin kontrolii, sabit af referans gercevesi veya dénen
dq referans gergevesi iginde yapilabilmektadir (Wen ve ark., 2014). Bu
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caliymada, eviricinin kontrolii dq referans gergevesinde gergeklestirilmistir.
abc referans gergevesinden dq referans gergevesine doniisiim, dq gergevesinin
temel frekansta etkin bir sekilde dondiirtilmesiyle saglanabilir. Temel frekans
tizerindeki siniisoidal sinyaller igin, donen g¢ergevede elde edilen d ve q
vektorleri sabit kalir. AC gebekesinin akim bilegenleri, dogrusal doniigiim ile
dq doniigiimii arasindaki iligkiyi ifade eder ve bu akimlarin iligkisi Esitlik 6’da
sunulmaktadir (He and Zhang, 2018).

1 cos (&) cos(ﬁ —23—") cos(ﬁ' + 2 j
I I =273 .; . 2m
dq0 — Iu. / sin(8) sin (6‘—?) sm [ l (6)
1/2 1/2

IIk olarak, V,_bilesenlerinden elde edilen 6 agist PLL blogu kullanilarak
tespit edilir. Bu sayede, PLL blogunun ¢ikiginda, sebeke gerilimiyle ayni fazda
olan yeni bir sintizoidal birim sinyal tiretilir. I ; bilesenleri, Sl¢iilen tig fazh I,
akimlar1 kullanilarak elde edilir ve dq/abc doniigiimii gergeklestirilir. MGNI
blogunun ¢ikiginda elde edilen referans akim, 6lgiilen akimin d bilegeni /4 ile
kargilastirilir ve PI bloguna iletilir. PI blogunun ¢ikiginda akimin d bilegeni
hesaplanmaktadir. Benzer gekilde, 6l¢tilen akimin q bilegeni I, ve 0 sinyali
kargilagtirilir, ardindan PI bloguna gonderilir ve ¢ikiginda akimin q bileseni
clde edilir. Iabe bilegenleri, dlglilen ti¢ fazh I, akimlariyla elde edilmig ve
abc/dq0 doniigtimii gergeklestirilmigtir. Elde edilen I akim sinyalleri ile
testere disi sinyali kargilagtirilarak, tig fazl sebeke tistii FV eviricinin PWM
sinyalleri tiretilmektedir.

3. Simiilasyon Sonuglar1

FV panel sisteminin gebeke tizerindeki etkilerini sabit sicaklik ve degisen
giineg 191n1m1 giddeti kosullarinda belirlemek igin, Sekil 3.1°de gosterilen
FV panel sistemi, gii¢ ve kontrol devresi Matlab Simulink kullanilarak
gergeklestirilmistir. Sistem parametreleri Tablo 3.1de verilmektedir.
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Table 3.1. Sebeke baglantil dic fazls FV evivici pavametreleri

Parametre Sembol Deger
Sebeke gerilimi rms v 380V
g
Sebeke frekanst f 50Hz
g
Nominal giig P 50kW
DC kondansatori c 100 uF
de
FV Panel giicii, P, 230W
gerilimi Vo 48V
Evirici anahtarlama frekansi fi. 20 kHz
LEVE
Filtre bobini 0.1532 O
R, L
Lres 6.1 mH

21-modu g
11 parallel stings

VESCISNOLALTT Visomesae Ui Laynak

Sekil 3.1. FV panel sistemi ve iig fozl evivicinin gii¢ ve kontrol devresi

Onerilen DQ akim kontrol yonteminin evirici tizerindeki etkisi, Sekil
2.3°de verilen degisken giineg 1g1n1mi altinda giig, verimlilik ve harmonik
bozulmalar agisindan degerlendirilmek amaciyla test edilmistir. Simiilasyon
sonucunda FV panel ¢ikisindan elde edilen akim ve gerilim sinyallerinin
sekilleri sirasiyla Sekil 3.2°de gosterilmistir. FV panelden elde edilen akim
farkli glineg 151n1m giddeti degerlerine bagh olarak 60A’e kadar yiikselirken,
FV panel gerilimi sabit kalmaktadr.

Panelden elde edilen ¢ikis FV giicii ve FV maksimum giicii sinyallerinin
sekilleri sirastyla Sekil 3.3°de gosterilmistir. FV ¢ikig giicii farkl glines 1g1n1mi1
degerlerine baglh olarak degismektedir. Maksimum gii¢ noktasinda panelden
elde edilen maksimum gii¢ FV giiciinii takip etmektedir.
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Sekil 3.3. PV pancel cikisimdan elde edilen PV ¢ikas giicii ve ideal maksimum giic dalga

sekilleri
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Sekil 3.4°de tig fazli evirici ¢ikisinda elde edilen abe sebeke akimlari, referans
akim sinyali ve faz akimlarmnmn biyiitiilmiig goriintiisti gosterilmektedir.
Evirici faz akimlan siniisoidal formda ve aralarinda 120 derece ag1 farki
olacak gekilde elde edilmis ve evirici faz akimlarinin tepe degerleri DQ akim
kontrol yontemi ile referans akima bagarili bir sekilde sabitlenmistir. P&O
algoritmasi Sekil 2.3’te verilen giines 151n1m egrisine bagh olarak referans
akim degerini degistirdiginden {i¢ fazl eviriciden elde edilen ¢ikig akimlar:
da degismektedir.

(2)
T T T T T T T
100 _'_'- :‘=
T ok
0 VYNV YNY VY VI Y Vir v
n o
-] -
400 L ; AL
1 ] | | 1 | ]
o5 2% s % " o T
@)
ckil 3.4. a) Ur fazl evivici sebeke akumlar: dalga sekillers, siyiitiilmiis evivici sebeke
Sckil 3.4. a) Up fisl seboke akumlars dalga sekilleri, b) Bivyistilmis evivici gebok
akwmlar: dalga sekillevi

Onerilen DQ tabanli kontrol algoritmasinin genel verimliligini test
etmek i¢in evirici tarafindan gebekeye iletilen aktif ve reaktif gii¢ sinyalleri
olgiilmektedir. Eviriciden elde edilen aktif ve reaktif gii¢ dalga sekilleri Sekil
3.5°de gosterilmektedir. Uretilen aktif gii¢ FV panelin farkli iginim degerine



238 | Us Eazls Fotovoltaik Eviricinin P&O ve DQ Tibank Kontrol Yontemi Kullanilarak Kontrolii

bagl olarak degismekte ve reaktif gii¢ sifir olmaktadir. FV sistemden elde
edilen maksimum noktadaki giicii, FV gii¢ egrisi ile hemen hemen aynidur.

Sekil 3.5. Ug fazls FV evirici ¢tkisimdn elde edilen aktif ve veaktif giig dalga sekilleri

Sekil 3.6’da tig fazli evirici sebekeye baglandiginda sebekeye aktarilan abc
faz akimlarinin THD faktorii sinyal sekli ve FFT analizi gosterilmektedir.
10kW’tan biiyiik gii¢ degerleri igin THD faktoriiniin %6’min altinda
oldugu ve THD degerinin standartlarda belirtilen smirin altinda elde
edildigi goriilmektedir (IEEE, 2014). Ayrica faz akiminda meydana gelen
harmoniklerin degerleri matlab simulink’teki FFT blogu kullanilarak
Olgilmiigtiir. Faz akimindaki THD degeri 6ms’de %2.74 olarak elde
edilmistir.
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Sekil 3.6. a) Ug fazl evirvici elde edilen akwmiarm THD dalga gekli b) FFT analizi

4. Sonuglar

Bu galiymada, ii¢ fazli fotovoltaik evirici sisteminden maksimum giig
elde edebilmek, elde edilen gerilim ve akimdaki bozulmalar: azaltabilmek ve
FV sistemden elde edilen giicii AC sebekeye aktarabilmek igin akim kontrol
yontemi onerilmigtir. Bu yontem P&O maksimum gii¢ izleme noktasi izleme
algoritmast ve DQ kontrol algoritmasini igermektedir. Onerilen kontrol
yontemi, degigken giines 191n1mi1 altinda maksimum gii¢ noktasini izleyebilme
yetenegine sahiptir ve elde edilen giig, bagl oldugu sebekeye aktarilmaktadr.
akimi kullanarak anahtarlama sinyallerini tiretmektedir. Bu yontem 50 kW’hk
ti¢ fazli bir FV evirici ¢ikigindan 380V 50Hz AC gerilim elde edilmesini
saglamistir. Fotovoltaik evirici sisteminin ¢esitli giines 151nimi seviyelerindeki
performans1 Matlab/Simulink platformunda incelenmig ve sistemin analizi
yapilmistir. Onerilen DQ akim kontrol yonteminin sonuglari incelendiginde,
sebeke akimindaki THD degeri %2.74 olarak olglilmiis ve bu degerin
belirlenen sinir degeri olan %5’in altinda oldugu goriilmiistiir. Onerilen
DQ kontrol yontemi, MGN takibini gergeklestirirken FV' panelinden ve
eviriciden elde edilen giicii arttirarak maksimum verim saglamakta ve sebeke
akiminda olugan harmonikleri azaltmaktadir.
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Boliim 13

Aydinlatma Sistemlerinde Fotometrik Olgmeler
ve Aydinlatma Hesaplamalar:

Siireyya Kocabey!

Ozet

Aydmnlatma sistemlerinin  tasarimi  ve degerlendirilmesi insanoglunun
hayatinin devamhilig igin biiyiik 6neme sahiptir. Bir aydinlatma sistemi
tasartmu i¢in 6ncelikle kullanim amacinin dogru tespit edilmis olmas: gerekir.
Bu tasarim siirecinde, aydinlatma hesaplamalart yapilirken aydinlatma
aygitlarinin 6zellikleri, ¢alisma ortaminin fiziksel boyutlari ve ¢evresel kogullar
birlikte degerlendirilir. Aydinlatma sistemlerinin dogru tasarimi kadar mevcut
aydinlatma sistemlerinin performanslarinin degerlendirilmesi de 6nemlidir.
Aydinlatma sistemlerinin degerlendirilmesi i¢in sistemin bulundugu ortamda
bazi fotometrik olgiimler yapilmasina ihtiyag duyulur. Fotometrik 6lgmeler
igin 15tk Olglimii yapan bazi 6lgii aletlerinden faydalanilir. Fotometrik
olgmeler yapilirken Olgiim yapacak kigilerin olgiilecek biiyiikliik ve 6lgiim
teknikleri hakkinda bilgiye sahip olmasi, dogru cihaz se¢imi ¢ok 6nemlidir.
Bu ¢alismada ilk 6nce fotometrik 6l¢meler hakkinda bilgiler verilecek daha
sonra aydmlatma hesaplamalarina gegilecektir.

1. Fotometrik Olgmeler

Isiksal Ol¢limler, radyometrik Olglimlerin bir tiirevidir. Radyometri,
elektromanyetik spektrumun tamamuiyla ilgilenen bir kavram iken, fotometri
insan goziiniin algilayabildigi bolgeyle ilgilenir. Dolayisiyla fotometrik
olgmeler 15110 tiretimi, dagilimi ve 6lgtimii ile ilgilenir. Isik, fizyolojik olarak
insan gozii tarafindan degerlendirilebilen optik bir biiytikliiktiir. Goziin
caligma sistemi 6lgme {iizerine degil karsilagtirma tabanli oldugundan, eski
Olgtim yontemleri kargilagtirmaya dayaniyordu. Fotometrik Ol¢iimler temel
olarak aydmlk diizeyi ve parilti 6lglimleri olmak tizere iki boliime ayrilir
(Sirel, 2004).

1 DrOgr.Uyesi, Saglk Bilimleri Universitesi, Hamidiye Saglik Hizmetleri Meslek Yiiksekokulu,
sureyya.kocabey@sbu.edu.tr, 0000-0002-2300-0789
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Giiniimiizde armatiirlerle ilgili fotometrik 6lgtimlerden bahsedildiginde,
genellikle  gonyofotometre cihaziyla yapilan  Olglimler  kastedilir.
Gonyofotometre ile yapilan fotometrik Olgiimler, bir armatiirden yayilan
151810 dagilim egrisini ve miktarini elde etmek igin yapilir. Parilti 6lgtimleri;
armatiirlerin icinde kullanilan yansiticilarin kalite ve teknik karakteristiklerinin
belirlenmesi ve oOzellikle yol aydinlatmalarinda aydinlatma  sisteminin

uygunlugunun degerlendirilmesi igin yapilir.

1.1. Aydinlik Diizeyi Olgiimleri

Aydinlik  diizeyi, aydinlatma sistemlerinin degerlendirilmesi ve
tasariminda kullanilan temel biiyiikliiklerden birisidir (IESNA, 2000).
Aydinlik diizeyi olgiimleri, bir ¢aligma alan tizerindeki 151k akis1 miktarini
degerlendirmek amaciyla yapilan ol¢timlerdir. Aydinlik diizeyi oOl¢timleri
tarkli yontemlerle gergeklestirilebilir. En yaygin kullanilan yontem, bir
caligma diizlemi {izerindeki aydinlik diizeyinin liksmetre adi verilen
cihaz ile Olglilmesidir. Caliyma ortamlarinda bu Ol¢timler sadece belirli
tek bir noktada veya ortamdaki pek gok farkli noktada alinan oOl¢limlerin
ortalamast alinarak uygulanir. Bir ¢aligma ortaminda istenilen aydinlk
diizeyi seviyesi veya yapilan Ol¢limlerden bahsedildiginde genellikle yatay
diizlem ftizerindeki degerler anlagilir. Ancak gorsel algilama yapilan her
bir yiizey i¢in (duvar, pano, diisey is yiizeyleri) aydinlk diizeyi ol¢limleri
onemlidir (Mahlab, Yamaguchi, Shimozima, Yoshizawa ve Cai 2023).
Liiksmetre (1s1tk Olger) kullanilarak yapilan aydinhk diizeyi olgiimleri
caligma diizlemi tizerindeki 6lglimlerin diginda gonyofotometre ile yapilan
Ol¢timlerde de kullanilmaktadir (Sirel, 2004; Bean ve Simons, 2001).
Sekil 2°de goriilen Gonyofotometre ile bir armatiiriin 151k giddeti dagilimi
Olgiilerek 151k dagilim egrisi gikartilir. Gonyofotometre ile elde olunan
Olgiim sonuglari, armatiirlerin kullanilacagr ortam i¢in yapilan aydinlhk
diizeyi hesaplamalarinda biiyiik 6neme sahiptir.
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Gonyofotometre ile vyapilan Olglimlerde bir armatiiriin agagidaki
fotometrik 6zellikleri elde edilir. (Sirel, 2004).

* armatiir digina gonderilen toplam 1g1k akis1 miktari,
 aydinlk diizeyi dagilim egrileri,

* armatiire ait geri verim endeksi,

* izoliiks egrileri,

* faydalanma faktorti,

* tepe agIsl,

Gonyofotometre ile 6l¢limlerden dogru ve giivenilir sonuglar alabilmek
i¢in, cihazin mekanik bilesenlerinin kalitesine, kullanilan liiksmetrenin
kalitesine, cihazin bulundugu ortamin gevresel 1siklardan izolasyonuna
ve armatiir ile fotosel optik eksenlerinin ayni eksende olmasina dikkat
edilmelidir. Gonyofotometrelerde oOl¢limler lilksmetre ile gergeklestirilir.
Bir 151k kaynagindan 1 metre uzaklikta dik bir dogrultuda yapilan 6lgmede
elde olunan aydinlik diizeyi degeri, ayni1 dogrultuda armatiirden yayilan 151k
siddetine esittir.

Dolayisiyla gonyofotometre ile yapilan olgiimlerde, armatiirden belirli bir
uzaklikta liksmetreden aydinhk diizeyleri olgiiliir. Alinan veriler, hesaplama
yoluyla bir metre uzakliktaki degerine indirgenerek, kandela cinsinden
151k giddeti degerleri elde edilir. Bir armatiire ait bu degerler farkl 1s1k



246 | Aydmlatma Sistemlerinde Fotometrik Olgmeler ve Aydmlatma Hesmplamalars

kaynaklariyla kullanimina imkan vermesi agisindan normalize edilerek 1000
liimen bagina kandela (cd/klm) olarak grafiklerle verilir.

Bir armatiiriin gonyofotometreyle Ol¢iimii esnasinda armatiir iizerinde
kullamilan lambanin 11k akisinin bilinmesi, 6lgiim sonucunda elde edilen
verilerin kullanimi siirecinde 6nemlidir. Bunun igin Olglimlerde kullanilacak
lambanin 100 saat kullanilmig olmasi, daha sonra armatiirden ¢ikan 151k akist
miktarinin gekil 3’de goriilen Ulbricht kiiresi ile saptanmasi gerekir.

Sekil 3 Ulbricht Kijresi

Lambalarin 1gik akilarmi 6lgmek igin fotometrik Olglimler yaparken,
aydinlik diizeyini de dikkate almak oOnemlidir. Ulbricht kiiresi, beyaz
i¢ yiizeye sahip ve igindeki 1gik kaynagindan yayilan tim g1k akilarini
toplayan bir kiiredir. Isik kaynaklarinin kiirenin i¢ yiizeyinde olugturdugu
aydinlik diizeyi, bu 151k kaynaklarindan ¢ikan 11k akistyla dogru orantihidur.
Ulbricth kiiresi ile, fotometrik 151k dagilimina ihtiyag¢ duymadan sadece 151k
kaynaklarinin 11k akisi giktilarini 6lgmek miimkiindiir. Ulbricht kiiresi igin
bir gonyofotometreye gore fiziksel olarak daha kiigiik bir hacim yeterlidir.
Kiirenin i¢ yiizeyi, yiksek yansitma Ozelligine sahip bir boya ile kaplidir.
Yiizeyin diizglin bir yayinima sahip oldugu kabul edilir. Genellikle 6lgiilen
direkt aydinlik diizeyi, kiire yiizeyinin yansitma 6zelliklerine bagldir. Kiirenin
ylzey alani (A) ise kaynaktan ¢ikan toplam 11k akist denklem 1.1°deki gibi
(Bean ve Simons, 2001) elde edilecektir.

®="[LdA (L1)
p
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Denklem 1.1°de L, kiire i¢ yiizey duvarinin birim yiizey pargasina ait
baglangi¢ pariltisidir. Tlk yanstmadan sonra, kiire ig yiizeyinde yanstyan 1s1k
hiizmeleri fotoselle birlikte kiire i¢ yiizeyini egit sekilde aydinlatir. Bu nedenle,

kiirenin i¢ yiizey duvarinin (dA) birim yiizey pargalarindan yansiyan 1gik
dikkate alindiginda, aydinlik diizeyi formiilii denklem 1.2°deki gibi olacaktur.

E = —LdA (1.2)

9
A
Kiirenin i¢ yiizey duvarindan yansiyan toplam 1s1ga bagli olarak aydinlik
diizeyi ifadesi agagidaki gibi gosterilebilir.
0
E = X.jL.dA (1.3)
Denklem 1.3, denklem 1.1°e gore diizenlenirse;

D (1.4)

olacaktir. Yukaridaki ifadedeki aydinlik diizeyi ikinci yansimaya bagh
olarak;

2
E-20 (1.5)
A

olur. Kiire i¢indeki sonsuz sayidaki yansimadan sonraki aydinlk diizeyi
denklem 1.6’daki gibi yazilr.

2 3

E=ProiPoiPor. (1.6)
A A A
p 1

E- Lol L (1.7)
A l-p

Denklem 1.6 diizenlenerek Ulbricht kiiresi ile aydinlik diizeyi hesabim
veren denklem 1.7 elde olunur. Buradan hareketle aydinlik diizeyi E’nin
151k kaynaginin 151k dagilimindan bagimsiz oldugu anlagilir. Aydinlik diizeyi



248 | Aydmlatma Sistemlerinde Fotometrvik Olgmeler ve Aydmlatma Hesaplamalars

ve 1g1k akist arasindaki bu iliski, fotometrik Olgiimler icin Ohm kanunu
olarak kabul edilir (Bean ve Simons, 2001). Eger kiirenin i¢ yiizeylerinin
yansitma Ozellikleri biliniyorsa, aydinlik diizeyi E’yi 6l¢erek 151k akist @’nin
hesaplanmast miimkiindiir. Bu nedenle, Ulbricht kiiresi genellikle g1k
kaynaklarini kargilagtirmak igin kullanilir.

Gonyofotometre ile elde olunan 6l¢lim sonuglari, Slglimde kullanilan
armatiirden etrafina yayilan 131k akisinin grafiksel olarak verir (Sirel, 2004).
Bu grafikler, aydinlatma projelerinde kullanmilacak armatiirlerin se¢imini
kolaylagtirir. Segilen armatiiriin kullanilmas: durumunda, belirli bir konumda
nereye ne kadar igik akisi yaydigr grafikten bakilarak ortama ait aydinhk
diizeyi hesaplamalar1 yapilabilir. Aydinlik diizeyi hesaplamalari, grafikler,
tablolar ve geri verim degerleri gibi elde edilen 6lgiim verileri kullanilarak
manuel olarak yapilabilir, ayrica aydinlik diizeyi hesaplamasi yapan bilgisayar
programlar1 araciligryla da gergeklestirilebilir.

1.2. Pariltt Olgiimleri

Parilt1 Ol¢iimleri, bir nesneden yansiyarak belirli bir dogrultuda yayilan
gtk akist miktarimin bulunmasi amaciyla yapilir. Insan gozii tarafindan
algilanabilir tek fotometrik biiyiikliik olan parilti, gorsel islerin performansinin
degerlendirilmesi i¢in en 6nemli parametredir (IESNA, 2000; Bishop ve
Chase, 2023). Parilt1 6lgiimleri; elektrik enerjisini 15182 doniistiiren birincil
151k kaynagi bir lamba igin yapilabilecegi gibi, ikincil 151k kaynagi olarak
adlandirilan tizerine diigen 15181 yansitarak veya gegirerek ¢evreye 11k yayan
nesne veya ylizeyler igin de yapilabilir.

Ikincil 151k kaynaklarmin pariltisi; séz konusu nesne iizerinde olusan
aydinlik diizeyiyle ylizeyin yansitma katsayis1 veya gegirme katsayisinin
carpimiyla bulunur. Parilti Slgiimlerinden elde edilen sonuglar, genellikle
goriis alani igerisindeki pariltilarin dengelenmesi veya belirli simirlar iginde
tutulmas1 amaciyla kullanilir. Parnlti Olglimleri agagidaki bilgilerin elde

edilmesi igin yapilir (Sirel, 2004).
* Birincil kaynaktan yayilan belirli bir dogrultudaki pariltiys,
* Tkincil kaynaktan yayilan belirli bir dogrultudaki pariltiyz,
* TIkincil ylizeyin diizgiin yansitma katsayist,
* Ikincil ylizeyin daginik yansitma katsayisi ,
e TIkincil yiizeyin diizgiin gecirme katsayist,
e TIkincil yiizeyin daginik gegirme katsayis1 ,

o TIkincil ylizeyin yaymma katsayisi,
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» TIkincil yiizeyin yutma katsayzsi,

Parilti, bir yiizeyin herhangi bir noktasindan yansiyan ve belirli bir
dogrultuda algilanan fotometrik bir biiyiikliiktiir. Birincil bir 151k kaynaginin
herhangi bir noktadaki pariltisi; bu noktayr gevreleyen kiigiik bir yiizey
alanindan belirli bir yonde yayilan 151k siddetinin (cd), bu ylizey pargasinin
alanina (m2) oranidir. Tkincil 191k kaynaklarnin pariltisi ise nesnenin
tizerindeki aydinlik diizeyi ile yansitma veya gegirme katsayilarinin ¢arpimiyla

belirlenir (Bishop ve Chase, 2023; Czyzewski, 2023).

Pariltiy dogrudan olgmek igin Sekil 4’te goriilen parilti Olgerler
gelistirilmistir. Bu Olgii aletleri, bir yiizeyden tek bir dogrultuda gelen 151k
akisini olgerler. Nesnenin belirli bir dogrultuda yansiyan 1g1k akisi, nesneye
ayni dogrultudan bakildiginda goriilen yiizey alani ile pariltisinin garpimu ile
bulunur.

Sekil 4 Parilts olger

Parilti Olgerler, ayarlanan 6lgme agisina bagh olarak belirli bir alana
odaklandiklari igin ¢evredeki diger 151k kaynaklarindan etkilenmezler. Bununla
birlikte incelenen yiizey tizerinde istenmeyen parlamalar 6nlenmelidir. Parilti
Olciimleri esnasinda, 6lgme agisi ile belirlenen yiizey tizerindeki noktanin
kii¢iik olmasina veya parltinin yiizeyde miimkiin oldugunca homojen

dagilmasina dikkat edilir.

Parilt1 Ol¢iimlerinde 151k akisi 6lglimii yapildiginda, teorik olarak parilti
Olgerin Ol¢lim yapilan ylizeyden uzakhigi 6nemsizdir. Ancak uygulamada
olgiilen ylizeyin, parilti 6lgerin 6lgtim alaniyla ¢akigmasi gerektiginden olgiim
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mesafesi rastgele segilemez. Olglim amacina bagh olarak, tek bir 6lgiim
yerine farkli noktalarda birden ¢ok 6l¢iim yapilmasi ve bunlardan elde olunan
sonuglarin aritmetik ortalamasinin kullanilmas: daha giivenilir sonuglar elde
edilmesine yardim eder.

I¢ hacimlerin aydinlatilmasinda, aydinlik diizeyi hesaplamirken caligma
ylizeyine armatiirden direkt gelen 1g1g1inmin yani sira duvarlar, tavan, biiyiik
esyalar gibi gevre yiizeylerden yansiyan 1s1k da 6nemlidir. Bu yiizeylerin de
caliyma ylizeyi iizerindeki aydinlatmaya katkisinin hesaplanabilmesi igin
yansitma katsayilarinin bilinmesi gerekir. Bu ylizeylerin yansitma katsayilar
ise parilt1 Olgiimleri veya 6zel kargilagtirma sablonlariyla bulunur. Dig ortam
aydinlatmasinda, aydinlatilan yiizeylerin birbirleriyle uyumlu bir goriiniim
olusturmast 6nemlidir. Ornegin, yan yana bulunan binalarin dig cephesi
aydinlatiliyorsa, bir binamin digerlerine gore fazla veya az aydmnlatilmug
goriinmesi istenmez. Bu tutarlihigi saglamak igin, dis ortam aydinlatma
projelerinde aydinlik diizeyi yerine pariltt hesaplamalart kullanilir. Uygulama
esnasinda parilti Olgtimleri yapilir (Czyzewski, 2023; Sirel, 2004). Trafik
akisginin oldugu yollarda, yol kenarlarinda bulunan ilan panosu benzeri
nesnelerin siirticiilerin kamagma vb sebeplerle dikkatlerinin dagilmasina yol
agmamasi i¢in pariltilar yasal olarak sinirlandirilmistir.

2. Aydinlatma Hesaplamalari

Isik bir enerji ¢esididir ve enerjinin korunumu yasasina uygun davranur.
Yani, birden fazla 151k kaynag: tarafindan aydinlatilan bir ¢aligma diizleminde
herhangi bir noktadaki aydinhk diizeyi, 151k kaynaklarinin o noktada tek
bagina olugturduklar: aydinhk diizeylerinin toplamina egittir (IESNA, 2000;
Ozkaya, 2011).

Bir ortamin aydinlik diizeyi, aydinlatma problemlerinin ¢oziimii igin
biiyiik 6neme sahip olmasina ragmen, insan gozii tarafindan dogrudan
algilanamaz. Ancak yeterli aydinlk diizeyine sahip ortamlar, yiizeylerin
vansitma Ozelliklerine bagl olarak daha az veya daha ¢ok aydinlik olarak
goriiniir. Kisaca insanlar tarafindan gozle algilanabilen fotometrik biiyiiklitk
aydinlik diizeyi degil parildir (Smith, 2000). Ozetlemek gerekirse, insanlar
tarafindan gozle goriilen sey pariltt degil, aydinlik diizeyidir (Smith, 2000).
Sonug olarak, gbrme iglevinin ger¢eklesebilmesi i¢in nesnelerin pariltist 6nemli
olsa da, aydinlatma hesaplamalarinda aydinhk diizeyi daha ¢ok kullanilr.

2.1. Isik Akisi: Yontemi ile Aydinlik Diizeyi Hesab1

Aydinlatma hesaplamalarinda aydinlatilacak yiizeyin sadece ortalama
aydinlik diizeyi yeterliyse, 151k akis1 yontemi en etkili yontemdir. Bu yontem
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ortamin aydinlatmasit igin gereken g1k kaynagi sayisinin bulunmasinda
kullanilir. Denklem 2.1’de goriildiigli tizere ortalama aydinhk diizeyi,
ortamdaki 131k kaynaklarinin toplam g1k akisinin galigma diizleminin yiizey
alanina boliinmesi ile bulunur (Bean ve Simons, 2001; Ozkaya, 2011;
IESNA, 2000).

o
E = — .
A @1

E: Aydinlik diizeyi (liiks).
®: Igik akisi (liimen).
A: Hacim igindeki galiyma diizleminin yiizey alan1 (m?).

I¢ ortamlarin aydinlatilmasinda, 151k kaynaklarindan yayilan 1sik akisinin
bir kismi duvarlar ve mobilyalar tarafindan yutulmaktadir. Aydinlatma
tiirii, ortamin fiziksel boyutlar1, armatiirlerin zemine olan mesafesi, ¢aligma
diizleminin zeminden yiiksekligi ve ortam duvarlarinin boya renkleri ortam
igindeki 151k dagilimini etkiler. Ayrica, zamanla 151k kaynaklarnin 1gik akisi
giktilarinda azalma, i¢ mekan yiizeylerindeki kirlilik, armatiirlerde biriken
toz ¢aliyma diizlemindeki aydinlik diizeyini olumsuz etkiler. Ortamdaki
calisanlarin performanslarinda aydinlatma kaynakli diigme olmamasi igin
biitlin bu gevresel ve zamansal etkiler denklem 2.1% birer katsayi ile eklenir

(IESNA, 2000).

_ ®.mn
A

E

m: Bakim katsayist
n: Oda verimi

Denklem 2.2°de (m) bakim katsayist degeri 0-1 arasindadir ve
armatiirlerin bakim ve temizlik sikligina gore segilir. Temizlik siklig1 arttik¢a
(m) I’e yaklagir. Bunun anlami ortamdaki kirlenmenin aydinhik diizeyinin
diigmesine sebep olmadan temizlik yapildig1 anlamina gelir. Temizlik siklig
azaldik¢a bu deger 1’den daha kiigiik degerler olur. Bir armatiirden yayilan
151k akisinin galigma diizlemine ulagan miktar: yiizde olarak (n) oda verimi
ile tammlanir. Armatiir 151k dagitim tiiriine ve ortam yiizeylerinin yansitma
ozelliklerine gore 6nceden hesaplanan oda endeksi degerine gore her bir
armatiire ait tablolardan secilir. Aydinlatma hesaplama programlarinda bu
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deger, segilen armatiir tipine gore armatiir bilgi verilerinden otomatik olarak
bulunur. Oda endeksi (k) ise, denklem 2.3’ten ortamin fiziksel boyutlari
(ytkseklik-uzunluk-genislik) ve galiyma diizlemiyle 131k kaynagr arasindaki
taydali yiikseklik ile hesaplanir. Faydali yiikseklik, armatiir aski yiiksekligi ve
caligma diizlemi yiiksekligine bagli olarak bulunur (IESNA, 2000; Ozkaya,
2011; CIE, 1986; TSE, 1990).

u.g
h.(u+g)

(2.3)

Itk akisi yardimiyla aydinlatma hesabinda, oOncelikle uluslararas:
standartlardaki aydinlik diizeyi tablolarindan ortamin kullanim amacina
bagl olarak gereken aydinlik diizeyi belirlenir. Sonra ortamdaki aydinlatma
sistemine uygulanacak bakim sikhigi dikkate alinarak bakim katsayisi ve
ilgili tablolardan oda verimi bulunur. Sonrasinda denklem 2.2 yardimiyla
aydinlatilmasi istenilen ortamda 6nceden belirlenen model ve giigte kag adet
aydinlatma armatiiriine ihtiyag duyuldugu hesaplanabilir.

Armatiirler Arasi
Bosluk

Calisma
Diizlemi

Faydal Yukseklik

Sekil 5 Calisma Ortam Aydwnlatina Gosterimi

2.2. Isik Siddeti Yontemi ile Aydinlik Diizeyi Hesab:

Eger ortamdaki ortalama aydinlik diizeyinin yani sira galigma diizlemindeki
tarkli noktalardaki aydinlik diizeyleri de bulunmak isteniyorsa veya galigma
diizlemine ait izoliiks egrileri ¢ikartilmak isteniyorsa 151k giddeti yontemi
daha etkin bir yontemdir (IESNA, 2000; Ozkaya, 2011).
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2.2.1. Noktasal Isik Kaynagina Gore Aydinlik Diizeyi Hesab1

Noktasal 151k kaynaklarindan belli bir mesafedeki aydinlik diizeyi,
kaynaktan yayilan 11k siddeti bilinirse ters kare kanunu ile hesaplanabilir.
Biiyiik boyutlu 151k kaynaklar1 da ¢ok sayida noktasal kaynagin birlesimi gibi
diigiiniilerek ters kare kanunu biitiin 151k kaynaklarinda kullanilabilir (Bean
ve Simons, 2001; Ozkaya, 2011; Mangkuto, Jamila, ve Paramita, 2023).
Sekil 6’da noktasal bir 151k kaynagindan farkli uzaklikta 151k kaynagina paralel
2 diizlemsel yiizey goriilmektedir. Bu yiizeyler, 151k kaynagindan bakildiginda
ayni uzay agisindan goriilebilen farkli uzakliklardaki diizlemlerdir.

Isik diiz bir dogrultuda hareket ettiginden bu diizlemler tizerine ayni 151k
akis1 etki eder. Fakat bu diizlemlerin alanlar1 farkli oldugundan, ayni 1g1k
akisinin diizlemler tizerinde olugturacagr aydinlik diizeyi de farkl olacaktir.
Diizlemler iizerinde olusan aydinlik diizeyi, diizlemin 1s1k kaynagindan
uzakhginin karesiyle ters orantihdir. Sekil 6’da modellenen kaynagindan
en bu iligki Ters Kare Kanunu diye adlandirilip, denklem 2.4 ile verilmigtir
(Bean ve Simons, 2001; Ozkaya, 2011; IESNA, 2000).
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Sekil 6 Ters Kare Kanunu

E=— (2.4)

Armatiirden ¢ikan 151k akusi, sekil 7°’de goriildiigii gibi armatiiriin altindaki
yizeye dik olarak diigmiiyor ise aydimnlatilan alan daha biiyiik olacaktir.
Bununla birlikte, yiizey {izerindeki ortalama aydinlik diizeyi de ayn1 oranda
azalacaktir. Caliyma diizleminde 11810 gelis agisina dik olmayan noktalardaki
aydinlik diizeyi Kosiniis Kanunu ile hesaplanur.
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Sekil 7 Kosiniis Kanunu

Kosiniis Kanunu; armatiirden diizlem iizerindeki bir noktaya gelen
151k giddetinin, ylizeyin normaliyle yaptig1 aginin kosiniisii ile ¢arpiminin
armatiiriin bu noktaya olan uzakhiginin karesine boliimii olarak tanimlanur.
Bu iligki denklem 2.5°te verilmigtir (IESNA, 2000).

b
E 2?.0054). (2.5)

Bu yontemle ¢aligma diizlemi tizerindeki herhangi bir noktadaki aydinlik
diizeyi degerine, 151k kaynaklarinin tek tek katkilar1 hesaplanabilir. Bir yiizey
tizerindeki tiim noktalar igin aydinlik diizeyleri, kullanilan 151k kaynaklari igin
ayr1 ayrt hesaplanir. Daha sonra diizlem tizerindeki noktalara ait aydinlk
diizeyi degerleri toplanip, ¢aligma iizerindeki istenilen noktalardaki aydinlik
diizeyi dagilimlart bulunur (Bean ve Simons, 2001; Ozkaya, 2011). Cogu
i¢ hacimlerde, ¢aligma diizlemi yere paralel bir gekilde bulunur. Bu tiir
ortamlarda yatay aydinlik diizeyi hesaplamasi igin kullanilan denklem 2.5,

yiiksekligin (h) bir fonksiyonu olarak denklemi 2.6°da oldugu gibi yazilabilir.
E =2 cos’ (2.6)

Caligma diizlemi {izerindeki en biiyiik aydinlik diizeyi, 151k kaynaginin
tam altinda yiizeyin normaliyle ayni agida 151k akisinin diistiigi noktada
elde edilir. Giinliik hayatta yazi tahtalar1 ve reklam panolari, i3 makineleri
tizerindeki diisey kontrol panelleri gibi diisey yiizeylerle de yaygin olarak
caligthr. Bu tip yiizeylerdeki aydinlik diizeyleri, denklem 2.7°deki diisey
aydinlik diizeyi formiilii kullanilarak hesaplanur.
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_ Lsina.cos’o.

ED h2

2.2.2. Dogrusal Isik Kaynagma Gore Aydinlik Diizeyi Hesabi

Dogrusal 131k kaynaklari, boylarina gore enleri ¢ok daha kiigiik olan
silindirik tiiplii 191k kaynaklardir. Dolayisiyla, birden g¢ok noktasal 11k
kaynagin birlesimi olarak disiiniilebilirler. Bu 151k kaynaklar1 genellikle
caliyma diizlemine paralel yerlestirilir ve birim uzunluktan yayilan g1k
siddetinin sabit oldugu kabul edilebilir (Bean ve Simons, 2001; Ozkaya,
2011).

Sekil 8de goriildiigi gibi ¢aliyma diizleminden belirli bir (h) yiiksekliginde
bulunan bir dogrusal 151k kaynaginin birim uzunluga sahip pargalarmnin her
birinin ¢aliyma diizlemi tizerindeki bir P noktasina olan mesafeleri farklidir.
Dolayisiyla bu 151k kaynaginin P noktasinda olugturdugu aydinlik diizeyi
denklem 2.8 kullanilarak hesaplanabilir (Mangkuto, Jamila, ve Paramita,
2023).

2" 4

. V2
L I(M} 2.8)
a

Y1

Eger dogrusal 151k kaynagi ¢ok ¢ok uzun ise ve i¢in P noktasindaki
aydinlik diizeyi agagidaki gibi yazilabilir.

nh
2°a%’

E= I, (2.9)

Sekil 8 Dogrusal Bir Isik Kaynagmm Altmdaki Bir P Noktasmdaki Aydwnlik Diizeyi
Hesalb
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3. Sonug

Aydinlatma hesaplamalari, aydinlatma sistemlerinin tasarim siireglerinde
biiyiik 6neme sahiptir. Aydinlatma sistemlerinin tasarimi karmagik fiziksel
sistemlerin matematiksel bir modellemesi gerektirmesine ragmen, genellikle
hassas dogruluk aydinlatma hesaplamalarinda gereken bir zorunluluk
degildir. Basit hesaplama yontemleriyle kabul edilebilir dogrulukta
hesaplamalar yapilabilir. Aydinlatma hesaplamalar1  denildiginde ilk
akla gelen aydinlik diizeyi ve parilti hesaplamalaridir. Kamagma, gorsel
konfor, gorme performans: gibi gorsel algilamaya dayali degerlendirilme
kriterlerinde de aydinlik diizeyi ve pariltt degerleri kullanilir. Aydinlik diizeyi
veya parilti hesaplamalarinda; hesaplamalar 151k kaynagi ve yakin ¢evresinin
kargilikli etkilesimi modellenerek yapilir. Aydinlatma hesaplamalar1 yapan
tasarimcilarin kullanacag aydinlatma aygitlar1 hakkinda gerekli fotometrik
bilgilere sahip olmasi ve tasarim yapacagi ortamin gevresel ozelliklerini 1yi
bilmesi gereklidir.



Siireyya Kocabey | 257

KAYNAKLAR

Bean, A. R. & Simons, R. H. (2001). Lighting Engineering-Applied Calculati-
ons. Architectural Press.

Bishop, D. & Chase, J.G. (2023). A Luminance-Based Lighting Design
Method: A Framework for Lighting Design and Review of Luminan-
ce Measures. Sustainability, 15(5), 4369. http://dx.doi.org/10.3390/
sul5054369.

Czyzewski D. (2023). The Influence of a Photometric Distance on Luminan-
ce Measurements. Energies, 16(10), 4166. https://doi.org/10.3390/
enl6104166.

Iluminating Engineering Society of North America (IESNA), (2000). The
IESNA Lighting Handbook 9th Edition.

Mabhlab, E, Yamaguchi, H., Shimozima, Y., Yoshizawa, N. & Cai. H. (2023). A
joint validation study on camera-aided illuminance measurement. Ligh-
ting Research & Technology, 0, 1-5.

Mangkuto, R.A., Jamila, N. & Paramita, B. (2023). On the average horizontal

illuminance in rooms with one or two point light sources. Architectural
Science Review, https://doi.org/10.1080/00038628.2023.2223153.

Ozkaya, M. (2011). Aydinlatma Teknigi. Birsen Yayinevi.
Sirel, O. (2004). Fotometrik Olgmeler. YFU.
Smith, N. A. (2000). Lighting For Health and Safety, Butterworth-Heinemann.

The International Commission on Illumination (CIE), (1986). Guide For Inte-
rior Lighting, CIE 029.2-1986.

Tiirk Standartlart Enstitiisii (TSE), (1990). Elektroteknikte Kullanilan Terimler
ve Tarifleri-Aydimnlatma. TS12133, 1CS29.020;01.040.29.



258 | Aydmlatma Sistemlerinde Fotometrik Olgmeler ve Aydmlatma Hesaplamalars



Boliim 14

Tam Parlatilmig (Full Lappato) Porselen Karo

Sirlarinda Kompozisyona Bagli Olarak Gozenek

Geligimi

Miige Tarhan'

Baran Tarhan?

Ozet

Seramik kaplama malzemeleri tretimlerinde farkli iiretim uygulamalar
ve dyital baski teknolojilerindeki gelismelere de bagh olarak 6zellikle
dogal tag ve mermer goriiniimlii sirh porselen karo tretimleri son yillarda
giderek artmaktadir. Sirli porselen karolarda iiretimin son agamasinda
yapilan parlatma iglemi sonrasinda ylizey goriiniimiinde derinlik saglayan

ve parlak bir goriiniim kazandiran sir kompozisyonlart kullanilmaktadir.
Tam parlatma iglemi uygulanan bu iiriinlerde parlatma sonrasi yiizeyde
ortaya ¢ikan gozenekler tirtin kalitesini hem gortiniim hem de teknik agidan
olumsuz yonde etkilemektedir. Bu ¢alismada sirh porselen karolarda parlatma
sonrast Urlin yiizeyinde ortaya ¢ikan gozenekliligin sir kompozisyonuna

bagli olarak incelenmesi amaglanmugtir. Sir regetesinde pigirim siirecinde

gaz ¢ikigina sebebiyet veren hammadde kullaniminin gozeneklilik iizerine

etkisi aragtirilmistir. Bu hedefle sir regetesinde CaO kaynag olarak kullanilan

vollastonit yerine kalsit kademeli olarak artirilarak kullanilmigtir. Farklr kalsit
oranlarinda hazirlanan sirlar laboratuvar sartlarinda hazirlanmug, porselen
karo biinyesi iizerine uygulanmugtir. Pigirim sonrast sirh porselen karolara
parlatma islemi uygulanarak parlatma sonrasi yiizey gozeneklilik incelemeleri
yapilmig ve kargilagtirmali olarak degerlendirilmistir. Sir regetesinde gaz

cikisina sebebiyet veren hammadde kullaniminin tam parlatilan sirli porselen

karolarin ylizeyinde olusan gozenek miktarinda belirgin bir etki yaptigi ve

artan kullanim oranlarinda goézenek miktarini artirdigt tespit edilmistir.
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1. Girig

Seramik karo iiretim teknolojilerinde meydana gelen gelismeler ve bu
gelismelere bagl olarak daha biiyiik ebat (60x60cm, 80x80cm, 60x120cm)
ve gergege daha yakin yiizey desenlerinde tretilebilen iiriinler ile porselen
karolara olan ilgi ve talep son yillarda iilkemizde ve diinyada belirgin sekilde
artig gostermistir. Giiniimiizde porselen karo iiretimleri temel olarak teknik
ve sirht porselen karolar olmak tizere ikiye ayrilmaktadir. Teknik porselen
karolar sir uygulamasi yapilmadan iiretilmekte, bitirme iglemlerindeki
parlatma uygulamasina bagli olarak mat veya parlatilmig olarak iiretilerek
piyasaya sunulmaktadir. Sirli porselen karolar ise parlatma uygulamasina
bagl olarak parlatma iglemi uygulanmayanlar mat, kismi parlatma iglemi
uygulananalar lappato ve tam parlatma islemi uygulananlar da full lappato
triinler olarak tanimlanmaktadir (Sekil 1) [1].

Porselen Karo

Teknik (Sirsiz) 4—‘ \—b Sirh Porselen

Porselen Karo Karo
A4 v
Mat Parlatilmis Full Lappato Mat
(Tam Parlatilmis)
A4
Lappato
(Kismi Parlatilmis)

Sekil 1. Porselen Karo Uriinlerinin Smiflandvrilmast

Seramik karo {irlin grubunda 6zellikle porselen karo talebinde meydana
gelen artig porselen karolarin sahip oldugu tistiin teknik 6zelliklerin yan1 sira
yiiksek gergege yakin, canli ton ve parlakliklarda elde edilen yiizeylerle de
iligkilidir. Son yillarda 6nemli bir gelisme gosteren dijital baski teknolojisi
ve ylizey parlatma islemleri ile porselen karo iiretimlerinde karo iizerine
yapilan baskilarin yiiksek ¢oziiniirliikte, daha gergege yakin ve canli tonlarda
ve yliksek parlakliklarda elde edilmesi miimkiin hale gelmistir.

Parlatma sirli yada sirsiz karoya, herhangi bir ¢izik, renk tonu veya parlatma
kaynakli ylizey problemlerini igermeyen, ayna benzeri (yiiksek yansitma
ozelligi gosteren) goriintiisii saglayan tiretim siirecidir. Full lappato olarak
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tanimlanan sirli porselen karolarda parlatma sirh {iriin yiizeyinde yapilan
mekanik agindirma iglemidir. Parlatma sonrasi sirli yiizey ayna benzeri parlak
bir goriiniim kazanirken sir biinyesindeki yiizeye yakin olan kapali gbzenekler
agik hale gelebilmektedir. Yiizey gortintimlerinde derinlik hissi olan, yiiksek
parlakhiga sahip full lappato porselen karo {iirtinlerinde parlatma sonrasi
belirgin hale gelen gozenekler ana problemdir. Yiizey parlatma sonrasi ortaya
cikan gozenekler yiizeyde mat goriiniime neden olmakta bununla birlikte
iriinlerin lekelenme direncini de digiirmektedir. Bu tip iiriinlerde parlatma
prosesi sonrasi agiga ¢ikan gozenekler ayn1 zamanda kimyasallara dayanimi
da olumsuz yonde etkileyebilmektedir. Burada uygulanan sir kompozisyonu
ve parlatma siireg parametreleri iirtin kalitesini etkileyen ana etmenlerdir
[2,3].

Belirli oranlarda, farkli seramik hammaddelerinin 6giitiilerek seramik
biinye {izerine uygulanmasi ve pigirimi sonrasinda camsi yapiya benzer bir
goriiniimiin elde edildigi tabaka sir olarak tanimlanir. Sirlar uygulandigi
biinye ile fiziksel ve kimyasal bag kurarak biinye ile bir uyum saglamalidir.
Sirin ergime noktasi, tizerine uygulandig biinyenin ergime sicakligindan
daha diisiiktiir.  Teknolojik  ozelliklerine gore, sirlar  bir¢ok  6zel
karakteristiklere, fiziksel parametrelere ve kimyasal bilesimlere sahiptir.
Bununla beraber pazarin gerektirdigi Ozellikte bir¢ok sir da (efektli,
lister, reaktif vb) mevcuttur. Ticari karolar, istenilen estetik 6zelliklerde
tiretilebilecek spesifik sirlara ihtiyag duymaktadir. Full lappato porselen
karo iirlinlerinde derinlik saglayan ve parlatma sonrasi camsi, ayna benzeri
bir yiizey olusturmak i¢in ¢ogunlukla transparan sirlarin kullanimi 6ne
¢itkmaktadir. Bu tiir sirlar ayn1 zamanda yiiksek lekelenme ve kimyasal
dayanim ozellikleri gostermektedir [4].

Transparan sirlar 13181 tamamen gegiren, amorf (camsi) yapidaki
sirlardir. - Sir - ylizeyine gelen 1s1tk demeti sir katmanindan tamamen
gectiginden iiriiniin desenini ve rengini canli olarak gosterir. Transparan
sirlarda kompozisyondaki tiim bilesenlerin, uygulanan pigirim sicakliginda
tamamen ergimesi gereckmektedir. Sirin diisiik yiizey gerilimi ve uygun bir
viskoziteye sahip olmast yapidaki hava kabarciklarinin uzaklagtirilmas: ve
ylzey diizgiinliigii i¢in son derece 6nemlidir. Aksi takdirde sir katmanindan
uzaklagtirlamayan hava kabarciklar1 (kapali gozenek) parlatma sonrasi
agik gozenek olarak ortaya ¢ikacak ve yiizey kalitesi ve teknik ozellikleri
olumsuz yonde etkileyecektir. Bu sirlarda transparanlik ergimig camsi yapida
soguma sirasinda olusan kristal tiirli ve kristalizasyon derecesine baglhdir.
Diopsit (CaMgSi,0,), miillit (Al Si,0,), spinel (MgALO,) ve AL O, gibi
yiksek kirmim indisine sahip kristallerin gelistigi sir kompozisyonlar1
opak ozellik gostermektedir. Transparan sirlarda anortit, kristobalit gibi
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kirmnmm indisi diigiik (< 1,6) kristal gelisimi gOsteren veya kristalizasyon
davranig1 gostermeyen sir kompozisyonlari ile ¢aligilmas gerekmektedir. Bu
nedenle bu tiir sirlarda yiiksek kirinim indisine sahip, kristallesme egilimleri
tazla olan ve yliksek ergime sicakliklarina sahip SnO,, ZrO, ve TiO, gibi
oksitler kullanilmasi tercih edilmez. Daha ¢ok alkali metal oksitler igeren
hammaddeler ile B,O, igeren fritler kullanilmaktadir. Bu tiir hammaddelerin
yant sira sir kompozisyonlarinda CaO, SiO, ve ZnO kullanilmakla birlikte
bu oksitlerin fazla miktarda kullanilmas kristallesme egilimini artiracagindan
transparanhigr olumsuz yonde etkileyecektir. ALO, ve MgO gibi yiizey
gerilimi yiiksek olan oksitlerin kullanimi transparanligi olumsuz yonde
etkilemektedir [5-7].

Seramik sirlarinda CaO  kaynagi olarak kalsit ve vollastonit
kullanilmaktadir. Kimyasal formiilii CaO.SiO, olan vollastonit kalsiyum
silikattan olugur. CaCO, kimyasal yapisina sahip olan kalsit yaklagtk 890°C’de
bozunarak CO, gaz ¢ikigt meydana getirmektedir. Vollastonit kalsit gibi
ayrisarak gaz gikigina sebebiyet vermedigi igin CaO kaynag olarak daha gok
tercih edilebilmektedir. Vollastonit kullanilan sirlarda gaz ¢ikist meydana
gelmedigi i¢in sirdaki gozenek miktar: azalirken igne deligi goriiniimiindeki
sir hatasinin olusum riskinin daha az oldugu soylenilebilir. Ancak rafinasyon
veya sentetik olarak elde edilen vollastonitin pahali bir hammadde olmas:
kullanimint sinirlandiran en 6nemli noktadir. Vollastonit CaCO, “in yiiksek
sicakliklarda kuvarsla reaksiyonu sonucunda sentetik olarak elde edilmektedir.
Bu agidan degerlendirildiginde sir kompozisyonlarinda silika ve kalsitle yer
degistirebilir [2,4].

Bu ¢aligmada full lappato sir kompozisyonunda vollastonit yerine CaO
kaynagi olarak, CaCO, kimyasal yapisina sahip olan kalsitin kullanimi
aragtirilmugtir. Kalsit kullaniminin parlatma sonrast iiriin yiizeyinde 6zellikle
gozenek olugumuna etkileri incelenmigtir.

2. Materyal ve Yontem

Full lappato sir regete gelistirme ¢aligmalarinda iki farkls tiir frit, kaolen,
kuvars, sodyum ve potasyum feldspat, nefelin siyenit, ¢inko oksit, vollastonit
ve mermer atig1r kullanilmigti. Bu hammaddelerin kimyasal bilesimleri
Cizelge 1’de verilmigstir. Regetelerde kullamilan hammaddeler Hitit Seramik
A.§ den temin edilmistir.
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Tablo 1. Hammaddelerin XRF ile tayin edilmis kimyasal bilesimleri (% ag.)

Hammaddeler A.Z. SiO, ALO3 Fe,0, TiO, CaO MgO Na O KO B0, ZnO

Frit A - 49,50 20,00 - - 19550 7,00 0,50 0,50 2,00 1,00
Frit B 50,10 10,10 10,60 1,00 7,10 0,60 8,00 12,50
Na-feldispat - 69,16 19,05 - - - - 10,61 - -
K-feldispat - 67,00 17,80 - - - - 2,65 11,30 -

Kuvars - 99,22 - - - - - - - -

ZnO - - - - - - - - - - 99,20
Nefelin siyenit 0,36 60,53 23,17 0,03 0,13 0,14 - 10,68 4,91 -

Kaolen 12,27 4834 36,2 0,74 021 006 024 007 187 -
Vollastonit 2,18 51,75 0,22 027 0,13 44,15 123 0,02 0,01 - -
Kalsit - - - - - 56,68 1221 - - - -

Bu ¢aligmada porselen karo full lappato sir1 olarak bir baglangig regetesi
belirlenerek standart olarak tanimlanmistir. Sir regete gelistirme galigmalari,
sir kompozisyonunda karbonath hammaddeler ile karbonat igermeyen
hammadde kullanimmnin gozeneklilik tizerine olan etkisini belirlemek tizere
yapilmugtir. Caligmalarda standart olarak tanimlanan regetenin Seger oranlari
sabit tutulmus, standart regete iizerinden vollastonit yerine mermer kullanimi
ile yeni regeteler gelistirilmistir. Standart regete Seger oranlarinin sabit
tutulabilmesi igin geligtirilen regetelerde ayni zamanda kuvars oranlar1 da
degismistir. Standart sira ait Seger oranlar1 Tablo 2°de, standart ve geligtirilen
diger sir regeteleri Tablo 3°de verilmistir.

Tablo 2. Standart sirm Segev ovanlar:

Seger formulii Mol

Si0,/ALO, 6,340
Si0,+AlL,0, 2,902
Na,O/K,0 5,263
Na,0+K,0 0,238
CaO/MgO 4,634
CaO+MgO 0,524
ZnO 0,238

B,O, 0.087
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Tablo 3. Standart ve gelistivilen sw vegetelevs

Hammadde/ Regete Kodu Std w1 w2 w3 W4

Kuvars 7,00 7,90 8,95 9,95 11,00
Kaolen 10,00 10,00 10,00 10,00 10,00
Na-feldispat 20,00 20,00 20,00 20,00 20,00
K-feldispat 6,00 6,00 6,00 6,00 6,00
Kalsit - 1,50 3,05 4,60 6,18

ZnO 4,00 4,00 4,00 4,00 4,00
Frit A 15,00 15,00 15,00 15,00 15,00
Frit B 25,00 25,00 25,00 25,00 25,00
Nefelin siyenit 5,00 5,00 5,00 5,00 5,00
Vollastonit 8,00 6,00 4,00 2,00 -

Olusturulan regeteler 300 gr kapasiteli bilyali laboratuvar degirmeninde
45 u tstii elek bakiyesi % 5-7 um oluncaya kadar 6giitiilmiistiir. Hazirlanan
sirlarin yogunlugu piknometre ile 1500-1550 g/It araliginda olgtilmiistiir.
Sirlarin viskozite Olgtimleri 2 mm gapli ford cup viskozimetresi ile 60-65 sn
arasinda olglilmiisgtiir. Standart ve gelistirilen sirlar, 30 cm x 60 cm ebatinda
engop ve dijital baski ile desen uygulamasi yapilmig porselen karo tizerine
kizak gekimi ile uygulanmigtir. Sir uygulamasi yapilan karolar oncelikle Hitit
Seramik Fabrikasinda 1190-1195°C°de 44 dk pigirim siiresinde sinterlenmigtir.
Pisirim sonrasi karolar yine Hitit Seramik fabrikasi full lappato porselen karo
dretim parlatma hatlarinda parlatilarak nihai hale getirilmistir. Parlatilmug
sir yiizeylerinin gozeneklilik incelemeleri ELP Marka 8.0 Megapixel USB
kamera ile yapilmis, sir kompozisyonuna bagli olarak degerlendirilmistir.

3. Bulgular ve Tartigma

Sir regetelerinde kullanilan kalsite ait TG-DTA analizleri Sekil 1’de
verilmisgtir. TG-DTA analizi incelendiginde, TG egrisinin tiirevinde
belirlenen 888,4 °C’deki pik kalsitin dekompozisyon sicakligint gostertmekte
ve TG egrisinde gozlenen % 43,55 lik kiitle kayb1 dekompozsiyon sonucu
agiga ¢ikan CO, gazindan kaynaklanmaktadir. Buna bagh olarak, DTA
egrisinde bu sicakliga yakin olarak 890,2°C’deki endotermik pik yine kalsitin
dekompozisyonunu (CaO ve CO, agiga gikmasi) gostermektedir. CaO.SiO,
(CaSiO,) kimyasal formiiliine sahip olan vollastonit ise kalsit gibi ayrigarak
gaz ¢ikigina neden olmamaktadir.
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Sekil 2. Kalsite ait TG-DTA grafigi

Standart ve gelistirilen sirli yiizeylerin parlatma sonrasi toplu goriiniimleri
Sekil 3’de, her bir yiizey i¢in daha yiiksek biiyiitmede alinan detayli yiizey
goriiniimleri Sekil 4’te verilmistir. Sir denemeleri parlatma sonrasi gozenek
miktarinin belirgin olarak tanimlanabilmesi i¢in koyu renkli beyaz damarl
bir desen {izerine alinmugtir. Parlatma sonrasi yiizeylerde kiigiik beyaz
igne delikleri geklinde gozlenen kisimlar sir yapisindaki gozeneklilikleri
gostermektedir. Pigirim siirecinde sir yapisinda olugan ve bu siiregte sirdan
uzaklagmayarak sir igerisinde kalan kapali gozenekler parlatma iglemi
sonrasinda agik gozeneklilik olarak yiizeyde belirmektedir. Parlatilmig sirl
porselen karo {irlinlerinde parlatma sonrasi yiizeyde beliren gozeneklilik
problemi ¢ok sik ve elimine edilmesi en zor problemlerden biridir. Seramik
sir biinyesinde olugsan gozenekler genellikle uygulama sonrasi yapida var
olan gozenekliliklerden ve ergime sirasinda tamamen bozunmamig gaz
ctkigina sebebiyet veren hammaddelerden kaynaklanabilmektedir. Pigirim
stirecinde sirda gaz kabarcik gelisiminin azaltilmasi ve/veya olusan gaz
kabarciklarinin yapidan uzaklagmasit bu problemi minimuma indirir. Bu
problemin kokeni sirin kompozisyonunun iginde yatmaktadir. Problemin
¢oziimil i¢in sir kompozisyonunda gaz ¢ikisina neden olarak gozeneklilik
riskini artiran hammadde kullanimi miimkiin oldugunca kisitlanmali ve sirin
baz1 teknik Ozelikleri iyilestirilmelidir. Olgunlagma sicakliginda sir viskozitesi
onemli bir karakteristiktir ¢linkii sirin biinye iizerinde yayilma ve diizgiin bir
tabaka olugturma kapasitesini belirler. Viskozitesi diigiik, daha akigkan sirlar
gazlarin camsi faz iginden ¢ikisin1 kolaylastirirken ve daha hizli olmasini
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saglarlar. Yiizey gerilimi de onemli bir rol oynar: daha yiiksek gerilimler
sogutma sirasinda kalan baloncuklarin tekrar absorpsiyonuna yardime olma
egilimindedir.

Sekil 3. 30x60 cn ebatls kavo vizerine wygulama yapian swiarm pavliatma sonvas
yiizey goriindimleri

Bu ¢alismada tam parlatilan porselen karo sirlarinda gozeneklilik sir
kompozisyonunda gaz ¢ikigina sebebiyet veren hammadde kullanimina
bagli olarak incelenmigtir. Sir kompozisyonunda herhangi bir gaz ¢ikigina
sebebiyet vermeyen vollastonit yerine ucuz bir hammadde kaynagi olan ve
onemli miktarda gaz ¢ikig1 yaratan kalsitin kullaniminin gozeneklilige etkisi
belirlenmigtir. Sekil 2 ve Sekil 3’te verilen sir ylizeyleri incelendiginde sir
regetesinde vollastonit yerine kalsit kullanimiyla birlikte sir yiizeylerinde
gozenekliligin arttigy tespit edilmistir. Kalsite ait TG/DTA egrisinde 890
Cdeki ($ekil 2) kiitle kayb1 CO, gaz ¢ikigindan kaynaklandigy igin gozenek
miktar kalsit miktar1 arttik¢a artmaktadir. W1 ve W2 kodlu, sirastyla % 1.5
ve % 3.05 gibi diigiik oranlarda kalsit igeren sir yiizeylerindeki gozeneklilik
sadece vollastonitin kullanildigy, kalsit icermeyen standart sir ylizeyine
benzer olarak elde edilmistir. Bu nedenle az oranlarda (%3’ten az) kalsit
kullanimu ile ortaya ¢ikan gaz ¢ikisindan kaynaklanan gozenekliligin pisirim
stirecinde sir yapisindan uzaklagtirilmasinin miimkiin oldugu soylenilebilir.
Sir regetesinde % 3’ten fazla oranlarda kullanilan ve artan oranlarda kalsit
kullanimi ile birlikte parlatma sonrast gozenekliligin belirgin derecede
arttigy goriilmektedir (Sekil 4). Bu da kalsit oranindaki artigla birlikte artan
gozenekliligin pigirim siirecinde sir yapisindan uzaklagtirilmasinin miimkiin
olmadigini gostermektedir.
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Sekil 4. Standart ve gelistivilen swili diviinlevin paviatidmas yiizey goriintiileri
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4. Sonuglar ve Oneriler

Yapilan ¢aligmada CaO kaynagi olarak vollastonit yerine kalsit kullaniminin
tam parlatilan sirli porselen karo sir yiizeyindeki gozenek miktari iizerine olan
etkisi incelenmigtir. Vollastonitin belirli oranlarda kalsit ile yer degistirilmesi
ile % 3 kalsit miktarindan sonra yilizeyde onemli miktarda gozeneklilik
olustugu belirlenmistir. Ozellikle vollastonit yerine kalsitin tamamen yer
degistirmesi ile gozenek miktarinda ve biyiikliiglinde 6nemli derecede
artiy olmugtur. Sir i¢cinde olugan bu gozenekler parlatma iglemi sonrasi
agik gozenek haline gelecegi i¢in nihai iirtinde lekelenme direncini diigmesi
gibi teknik problemlere yol agma olasihig1 yiiksektir. Yapilan bu galigma ile
kompozisyona bagli olarak maksimum % 3 kalsite kadar vollastonit ile yer
degistirilebilerek regetelerin olugturulabilecegi belirlenmistir. Bu sayede sir
regete maliyetinin de diigiiriilebilmesi miimkiin olacaktir. Sir regetesinde %
3’ten fazla oranlarda kalsit kullanimi hedefleniyorsa, regetenin olugacak gaz
cikigini pigirim siirecinde sir yapisindan uzaklastirabilecek yonde sir viskozite
ve yiizey gerilimi 6zelliklerinin de incelenerek sir regete gelistirme galigmalar:
yapimalidir.
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Bolum 15

Yapay Zeka Uygulamalari, Egitime Yansimalari

ve Gelecege Iliskin Yonelimler

Sezin Giileryiiz'
Ural Mustafa Ozcan?

Ozet

Son zamanlarda gelisen teknoloji farkli alanlarda yeni ¢aligmalar sundugu
gibi egitim alanin da yeni uygulamalar ortaya koyarak gelisimine biiyiik katki
saglamugtir. Yapay zekd kavramini 1956 yilinda Dortmund konferansinda
ilk dile getiren John McCarthy olmugtur. Yapay zekd teknolojisinin ortaya
ctkmasindan bugiine kadar gosterdigi degisimle birgok alanda yeni yaklagimlar
sundugu goriilmiigtiir. Bu alanda yapilan caligmalar degisen ve gelisen
teknolojinin sundugu imkanlar dogrultusunda daha biiylik 6nem kazanmig
ve birgok sektore karsilik bulan yapay zeka teknolojisi egitim alanina getirdigi
yenilikler ile kullanilmaya baglanmigtir. Yapay zekd giintimiiziin teknoloji
trendleri arasinda yer almaktadir. Bu baglamda yapay zekanin egitim
alaninda kullanilmasi konusunda arastirmacilar ve egitimciler icin yol haritasi
olugturulma ihtiyact dogmustur. Bu caliymada, yapay zeka teknolojileri
hakkinda temel bilgiler verilmis, egitim alaninda yapay zekanin 6neminden
bahsedilerek kullanim 6rneklerine deginilmistir. Ayrica yapay zekanin egitim
sektoriindeki avantajlarina ve olumsuzluklarina deginilerek, gelecekte egitim
alaninda yapilacak aligmalara dikkat ¢ekilmistir.

1. Giris

Teknolojinin degisimi ve gelisimi ile birlikte birgok sektorde beklentileri

kargilayabilecek ¢aligmalar ortaya ¢ikmistir. Bu alandaki gelismelerden

biride yapay zekadir. Yapay zeka, bir bilgisayarin veya bilgisayar kontrollii

robotun, genellikle akilli varliklarla iligkili gorevleri yerine getirme yetenegi

olarak ifade edilebilir. Bu alanda yapilan uygulamalarin akil yiiriitme anlam
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kesfetme, genelleme veya ge¢mis deneyimlerden 6grenme gibi insanlara
ozgii entelektiiel siireglerle donatilmig akalli sistemler gelistirmek amaciyla
kullanildig1 sOylenebilir. Yapay zeka ile tasarlanmug sistemler insan beynine
gore ¢ok daha hizh ¢aligabilmektedir. Yapilan ¢aligmalarla birlikte yapay zeka
pek ¢ok bigimde kendini gostermektedir.

* Sohbet robotlari, miisterilerin sorunlarii daha hizli bir gsekilde
anlamak ve daha verimli cevaplar vermek i¢in yapay zekadan yararlanir.

 Alklh asistanlar, zamanlamayu iyilestirmek igin biiyiik kullanic1 tanimli
veri kiimelerinden kritik bilgileri gekmek i¢in yapay zekidan yararlanir.

 Oneri motorlari, kullamicilarin izleme aligkanliklarna gore TV
programlari igin otomatik oneriler sunabilir.

Yapay zekd, herhangi bir 6zel bi¢im veya islevden ziyade siiper
giiglendirilmig diisiince ve veri analizi yetenegi ve siireciyle ilgilidir. Bu
alanda yapilan galigmalar insan yeteneklerini ve katkilarini 6nemli 6lgtide
gelistirmeyi amagladigindan insanlarin yerine gegmek tizere tasarlanmamistir.
Cesitli alanlarda her gegen giin yeni yapay zekd uygulamalari insanoglunun
hizmetine sunulmaktadir. Ornek olarak saglik (Yilmaz ve Buyrukoglu, 2021;
Savag vd. 2022; Karakig ve Gurkahraman, 2021), giivenlik (Savag ve Savas,
2021), endiistri (Savag, 2021) teknoloji (Majumdar vd. 2018), bankacilik ve
tinans (Malali ve Gopalakrishnan, 2020), psikoloji (Taylor ve Taylor 2021),
yapay zekanin entegre edildigi alanlardan bazilaridir. Biiyiik bir hizla degigim
ve gelisim gosteren teknolojinin egitime de katki saglayacagi soylenebilir

(Arslan, 2020, s.86).

Yapay zekanin gelisiminde “6grenme” kavrami onemli kriterlerden
biri olarak ortaya ¢ikmaktadir. Yapay zeka sistemlerinin derin 6grenme ve
yapay sinir aglart olusturma teknikleri ile veriye dayali gok boyutlu islem
gergeklestirebilme 6zelligi sayesinde kendi bagina 6grendigi eylemleri tekrarl
bir gekilde yapabilmesi olarak tanimlanabilir (Mathew, Arul ve Sivakumari,
2020, s.1-9). Derin 6grenme i¢in otonom araglar ornek gosterilebilir.
Tlerleyen zamanlarda gelisen bu caligmalarin insanlar tarafindan yapilan
birgok isi gergeklestirerek hayati daha kolay hale getirebilecegi soylenebilir.
Bu bakis agis1 altinda yapay zekanin insandan daha {istiin olabilecegi
endigesi giindeme gelmektedir. Bu endiseler toplanan verilerin nasil iglenip
yorumlanacagi, verilere kimlerin erigsip ne gibi iglemler yapabilecegi,
kigisel verilerin korunmasinin ihlal edilebilecek olmasi ve verilerin galinip
satilabilmesi gibi konulardan olugmaktadir.

Egitim alaninda yapilan yapay zeké galigmalari giin gegtik¢e artmaktadir
(Akdeniz ve Ozding, 2021). Diinyada egitim ve Ogretim sisteminde
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yapay zeki uygulamalari siirekli gelisim gostermektedir. Ulkemiz egitim
sisteminde de yenilikler yapilabilmesi adina yapay zekadan yararlanilmasi
amaglanmaktadir. Hedeflenen degigimlerin gergeklestirilmesi adina yapay
zekanin faydalar1 ve avantajlart ile kullanim alanlari hakkinda egitim
sektoriiniin biitiin paydaslarina bilgi verilmelidir. Bu kapsamda egitimcilerin
caligmalar ile ilgili kendilerini giincel tutmalar1 6nem arz etmektedir.

2. Yapay Zeka ve Genel Kavramlar

Yapay zeka, insan beynini taklit ederek insanin yaptig1 bir takim davranig
ve gorevleri algoritmalar sayesinde analiz edip tekrarli yapan sistemler
olarak ifade edilebilir. Giiniimiizde artan bir ivme ile karsihk bulan yapay
zeka teknolojilerinin temeli 1955 yilinda ilk kez McCarthy tarafindan
atlmugtir. Teknolojik degisimlere baglh olarak gelisen yapay zeka ¢aligmalar:
yaganan sorunlarin ¢oziimiine yonelik alt boliimlere ayrilmistir. Bu alt
boliimleri uzman sistemler, goriintii igleme, ses tanima sistemleri, yapay
sinir aglari, robotik vb. olarak gosterilebilir. Bu alanlarda yapilan ¢aligmalarin
insan saghigini, giivenligini ve iiretkenligini arttirdigr gibi insan hayatini
kolaylagtirdig: s6ylenebilir.

Geligen ve degisen teknolojik yeniliklere bagh olarak akilli hizmetler
olarak adlandirilan ¢aliymalarda artiy goriilmektedir. Bu alanda yapilan ilk
caligmalara 6rnek olarak Deep Blue verilebilir. 1987 yilinda geligtirilen Deep
Blue adli bilgisayar Satrang ustas1 Kasparov’u maglup ederek doneme damga
vurmustu. Insanlar gibi davramg gosteren bu calismalar ilerleyen siiregte
birgok alanda kendini gostermigtir. Bir¢ok alanda kargilik bulan yapay zeka
caligmalar egitimde alaninda da artan bir role sahiptir. Yapay zekd, makine
ogrenimi ve robotik gibi teknolojilerin hizla gelismesiyle birlikte yagami ve
toplumu biiyiik 6lgiide etkilemektedir.

Yapay zeka sistemleri ¢aligma alanlarina bagli olarak gevre birimlerinden
gelenverilerileislemyaparlar. Islene veriler dogrultusunda tahmin veyakararlar
olustururlar. Bu sonuglar sistem kullanicilar: tarafindan kullanilabildigi gibi
makineler tarafindan yorumlanarak eyleme dontistiiriilebilir. Yapay zeka temel
olarak insanin yaptig: igleri kisacasi insan beyinin iglem yetenegi ve giiciinii
taklit etmek igin tasarlanmug bilgisayar yazilimlari olarak soyleyebiliriz. Bu
alanda kullanilacak bilgisayarlar sinir aglari, makine 6grenmesi ve derin
ogrenme gibi cesitli tekniklerle egitilmektedir. Yapay zekadan yararlanmak
i¢in biiylik verilere ihtiya¢ duyulmaktadir. Giin gegtikge atan teknoloji ile
birlikte yapay zeka alaninda biiyiik gelismeler olmaktadir. Bu gelismeler
igiginda yapay zeka ile egitilen makineler tahmin ve karar islemlerinde
insanlardan daha iyi sonug verecektir.
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2.1. Yapay Zekanin Tarihsel Geligimi

Bilgisayarlarin  gelisim siireci ile paralellik gosteren yapay zeka
teknolojileri miihendislik, saglik, endiistri ve egitim gibi bir¢ok alan ile
iligkilidir. McCulloch ve Pitts tarafindan 1943 yilinda “Beynin Boolean
Devre Modeli” gelistirilmigtir. Bu ¢aligma matematiksel olarak beyindeki
noronlarin ¢aligmasini formiilize ederek agikladigindan bu alanda biiyiik
oneme sahiptir. Shannon ise 1948lerde gelistirilen algoritmalar ile
bilgisayarlarin karmagik matematik sorularini ¢é6zmek ve satrang oynamak
i¢in kullanilabilecegini ortaya atmugtir. Yapilan bu galigmalar sonrasinda
1956 yilinda John McCarthy tarafindan Dortmund konferansinda yapay
zeka ilk kez bir konferansta dile getirilmigtir. Yapay zeka alinda yapilan ilk
caligmalarda bilgisayarlar komutlar1 sadece isleme ve ¢aligtirma ozelligine
sahiptiler. Veri depolama ve saklama 6zelligi bulunmadigindan 1956 yilina
kadar ciddi bir gelisme olmamugtir.

Degisen ve geligen teknoloji ile birlikte 1960’larda bilgisayarlarin daha
hizli ¢alismasi ve verileri depolamast anlaminda olumlu degisimler olmasiyla
yapay zeka alaninda farkli ¢aligmalar ortaya konmustur. Yapay zeka alaninin
ilk 6rneklerinden olan dogal dil igleme yazili ELIZA 1964-1966 doneminde
gelistirilmigtir. 1980’lere dogru gelindiginde bilgisayarlarin verileri igleme
hiz1 ve depolama 6zelliklerinin geligmis olmasina ek olarak veriler arasinda
iligkiler kurulabilecegi goriilmiigtii. Bu donemde derin 6grenme kavrami
olan, bilgisayarlarin yeni deneyimler ile verileri igleyip saklayasi olarak bilinen
teknik ortaya ¢ikmistir. Bu donem igerisinde Edward Feigenbaum tarafindan
uzman sistemler programi gelistirilmistir. Insan beynini taklit edebilen bilgi
isleme yapilar1 olan sibernetik ve yapay sinir aglar1 1990’larda gelistirilmigtir.
Bu sayede 6grenen sistemler ortaya ¢ikmugtir. 1997 yilinda IBM tarafindan
gelistirilen satrang oynama programi Deep Blue diinya satrang sampiyonu
Gary Kasparov ile kargilagmig ve Deep Blue Kasparov’u yenmistir. Yine
bu donem igerisinde Windows’ta kullanilan ilk konugsma tanima yazilimi
olugturulmugtur. 2001 yilinda KISMET olarak isimlendirilen bir robot
gelistirilmigtir. Bu robot insan mimiklerini, sesini, hareketlerini taklit
edebilen, sosyalleserek 6grenebilen 6zelliklere sahiptir. Bu ¢aligma ile birgok
sorunun yapay zeka ile ¢oziilebilecegi ortaya ¢ikmigtir. Her gegen giin geligen
yapay zeka teknolojileri farkli alanlarda uygulanmaya devam etmektedir.
Giiniimiizde kullanimi yayginlagan otonom araglar, sesli asistanlar, dil geviri
uygulamalari, sanal simiflar, akilli egitim yonetim sistemleri, yiiz ve oriintii
tanima, otomasyon, goriintii isleme ve robotik gibi farkli uygulamalar yapay
zeka ile gelistirilmektedir.
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2.1.1. Makine Ogrenmesi

Makine 6grenmesini yapay zekanin alt dal olarak tanimlanmaktadir. Bu
alanda yapilan ¢aligmalarla bilgisayarlarin problem ¢6ziimii igin yapacaklari
1§ komutlarini disaridan almak yerine gelistirilen algoritmalar ile 6grenmeleri
saglanmaktadir. Bu da gosteriyor ki anlik olarak ortaya ¢ikabilecek sorunlara
¢oziim bulabilecek ¢ok sayida algoritmanin geligtirilmesi gerekmektedir
(Giirsakal, 2017). Gelistirilecek algoritmalar daha o6ncesinde kullanilan
verileri igleyip modelleyerek sonrasinda kargilagabilecegi benzer durumlarda
¢oziim {lretecek Ozelliktedir. Makine Ogrenmesini Ozetleyecek olursak,
verilerin analiz edilmesi, model olugturulmasi ve olusturulan modeli
kullanma adimlarinin tekrarl gekilde igleme alindigi 6grenme ve kullanma
sireci olarak degerlendirilebilir.

3. Egitimde Yapay Zeka

Yapay zeka teknolojisinin uygulanmasi agisindan egitim sektorii biiyiik
potansiyele sahip diyebiliriz. Egitim teknolojisi itizerine ¢alisma yapan
sirketler simif yonetimi, degerlendirme, bireysellestirilmis egitim gibi birgok
alanda ¢6ziim geligtirmistir (Guan, Mou, Jiang, 2020, s.134). Her ne kadar
ogretmenlerin gorevlerinde yaganabilecek degisimler olsa da bu alanda yapay
zekadan yararlanildig1 soylenebilir. Bu alandaki uygulamalarin kullanilmasi
ogrencinin bilgiye hizli bir sekilde ulagip etkili 6grenmesine imkan saglar.
Yapay zekanin egitime sagladigi avantajlardan bir digeri Ogrencilerin
bireysel kapasite ve 6grenme hizlarina gore 6grenme imkani saglamasidir.
Bunun yani sira 6grencilerin ¢aligmalarina esnek bir yapi katmasi 6grenci
performansint ve verimliligini arttirdig1 gibi idari ihtiyaglara da yardimai
olmaktadir. Bu sistemlerin kullanilmas: egitimin kalitesini arttirabilecegi gibi
egitim kurumlarina avantaj ve katki saglayabilir (Isler ve Kilig, 2021, s.4).

Yapay zekanin egitim alanindaki en 6nemi amaci 6grencilerin kisisel
ozelliklerini ve performanslarini dikkate alarak bireysellestirigmis egitim
programlart olugturulmasina destek olmaktir. Bu alanda yapilan ¢aligmalar
giin gectik¢e yeni yeni firsatlar1 ortaya ¢ikartmig olsa da hentiz beklenen
karsihgi buldugu sdylenemez. Ogretmenler bu siirecte degerlendirmede,
veri toplamada, 6grenme gelisimini arttirmada yapay zekadan yararlanarak
ogrencilerin 6grenmelerine katki saglamaktadir. Bu ve buna benzer avantajlari
olmas1 nedeni ile yapay zekanin egitim alaninda biiyiik 6neme sahip oldugu
soylenebilir (Hwang, vd. 2020, s.4). Bu alandaki geliymelere bagh olarak
uzman, akilli 6gretici ve diyalog tabanli 6gretici sistemler gibi uygulamalarin
kullaniminin arttig1 sdylenebilir.
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Yapay zekanin geligim gostermesi ile birlikte uzman sistemlerin
kullaniminda artis olmugtur. Uzman sistemler bir alanda uzmanlagmig
kisilerin yaptig1 isleri gesitli yapay zeka algoritmalar kullanarak gergeklestiren
yazilimlardir. Bu sistemler 6grencilerden aldig: veriler dogrultusunda bilgi
tabanini genigletir ve karar verme yontemlerini gelistirir. Bu alanda bilinen
en 6nemli galigma Stanford Universitesinden Prof. Dr. Feigenbaum ve
arkadaglar1 tarafindan gelistirilen MYCIN’dir. Bu ¢alisma, tip alaninda
bakteriyel hastaliklarin teshis ve tedavisinde kullanilir (Arslan, 2020, 5.82).

Akilli  6gretici  sistemler yapay zekanin egitimde sik kullanildigy
uygulamalardir. Bu sistemler 6grencilere uygun 6grenme ortamlar1 saglar.
Bu sistemlerin ilki olan SCHOLAR temel pedagojik yaklagimi diyalog
prensiplerine dayanir. SCHOLARdan sonra bu alanda farkls akalli sistemler
gelistirilmigtir. Bunlar arasinda, WHY, BUGGY, SOPHIE ve LISP
gosterilebilir.

Diyalog tabanli 6gretici sistemlere AutoTutor ve WatsonTutor 6rnek
gosterilebilir. AutoTutor fizik ve biyoloji gibi alanlarda 6gretici ve 6grenci
arasindaki diyaloglar: taklit ederek online gorevleri adim adim yerine getirmek
igin gelistirilmigtir. Yapay zeki giiniimiizde bilyiik 6nem tagimaktadir.
Bu teknolojiler farkli alanlarda hizmet vermekle birlikte egitime de katki
saglayabilecegi soylenebilir (Isler ve Kilig, 2021, 5.2).

Egitim alaninda giintimiiz yapay zeka ¢aligmalar1 incelendiginde 6grenci
ve Ogrenme {iizerine yapilan ¢aligmalarin fazla oldugu goriilmektedir. Bu
alandaki paydaglarin yapay zeka ¢aligmalarindaki avantaj ve dezavantajlarina
bakacak olursak;

Egitim Onyiitii

Avantajlar:: Okul giivenligi, dijital O6grenme, Ogrencilerin bireysel
tespiti, degerlendirme objektifligi, 6grencilerin kigisel bilgilerinin giivenligi,
verimli ve esnek galigma imkani, kigisellestirilmis egitim olarak goriilebilir.

Dezavantajlar:: Giivenin az olmasi, 6grencilerin yaratict galigmalarinin
degerlendirilmesindeki sorunlar, simif disiplinin saglamasinda yaganabilecek
sorunlar, sistemin ariza vermesi ya da siber saldirtya ugrayabilecek olmasi
olarak goriilebilir.

s Ojrenci

Avantajlars: Ogrenme siirecini objektif ve nesnel olarak izleme, gevrim
igi egitimin kalitesinin artig1, yeni teknolojiler ile kullanilabilme, esnek ve
stirekli erigim imkant olarak goriilebilir.
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Dezavantajlars: Ogrenci ile dgretmen arasindaki etkilesim ve iletigim
eksikligi ile 6grencinin motive olmasinda zorluk yasamasi olarak soylenebilir.

s Oyretmen

Avantaglars: Ogrenci egitimi ve yonetiminin kolay olmasi, yapilacak
islemlerin otomatiklesmesi, siirecin siireli diizenlenip iyilestirilebilmesi,
objektif degerlendirme imkani, hizli geri bildirim saglama, 6grenci
bagarist takibi, egitimcilerin giiglii yanlarmin korunarak eksik yonlerinin
gelistirilmesine katki sagladig soylenebilir.

Dezavantajlars:  Ogretmenlerden  beklenen mesleki  yeterliliklerin
yiikselmesine neden olabilecegi gibi zaman igerisinde 6gretmenlerin yerini
alabilecegi soylenebilir.

s Vel

Avantajlari: Anhk geri bildirim verilebilecegi gibi siireg hakkinda
bilgilendirme yapilabilir. Yeni 6grenme firsatlar1 yaratarak maddi durumu
yetersiz olan ailelere imkanlar saglayarak egitime erigimlerinde yasanan
sorunlarin giderilmesi olarak goriilebilir.

Dezavantajlar:: Kisiler arasinda iletigim eksikligi yaganabilecek olmas:
olarak goriilebilir.

Egitimde yapay zeka teknolojilerinin kullanilmasinin nedenleri arasinda
kigisellestirilmig egitim, Ogretim asistani, standartlar1 saglanmig miifredat,
ogrenciler igin 6gretim yontemlerinin ¢esitlendirilmesi gibi firsatlar sunmasi
gosterilebilir. Bu alanda yapilan ¢alismalar ile egitimin bireysellestirilmesi
saglanarak veriye dayali Ogretim ve rehberlik imkanlar1 olugturulmus
olacaktir. Yapay zeka tabanl hizmet veren akilli egitim sistemlerine Carnegie
Learning, Jill Watson, EBA ADES, iTalk2Learn 6rnek gosterilebilir. Egitim
alaninda yapilan yapay zeka ¢aligmalari 6grenme siirecinin etkili olmasi ile
sinirli kalmamakta ilgili biitiin alanlarda uygulanmaktadir. Egitimde yapay
zeka uygulama alanlar1 ve teknikleri Tablo 1°de verilmistir.
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Tablo 1. Yapay zekd wygulama alant ve kullanian teknikler.

Yapay Zeka Uygulama Alani Teknikler

Ogrenci ve okulun degerlendirilmesi Ogrenci ihtiyaglarim dikkate alarak
egitim siirecini diizenleyen ve planlayan
kigisellestirilmis egitim, egitim ve
ogretim analizleri

Odev ve sinavlarin degerlendirilmesi Goriintii igleme ve analizi, tahmin sistemi

Kisisellestirilmig akilli 6gretim Veri  madenciligi, bireysel 6grenme
stirecinin analizi

Akalli okul Yiiz ve ses tanima, igitme algilama, akalli
sinif ve laboratuvar, arttirilmig gergeklik,
VR teknolojileri

Cevrim igi egitim Bireysel analizler, sanal asistanlar, anlik

geri bildirim

Yapilan ¢aligmalar neticesinde egitimin biitiin paydaslar1 tizerinde yapay
zekanin etkili oldugu ve yaganan teknolojik gelismeler ile ¢ok daha ileri
gidecegi sOylenebilecegi gibi yakin gelecekte yapay zeka uygulamalarinin
siif ve okul yonetiminde daha fazla kullamilmasi beklenmektedir. Yapay
zekayt diger egitim teknolojilerinden iistiin kilan unsurlar agagidaki gibidir
(Noe, 2009):

* Ogrencinin bireysel ihtiyaglari ile egitim ihtiyaglarini eglestirebilmesi
* Ogrenci sorunlarina ¢6ziim bulmast ve saglikli iletigim kurabilmesi
¢ Ogrenme siirecini dgrenciye gore sekillendirip modelleyebilmesi

e Daha onceki performanslart ve ogrenmeleri dikkate alarak bilgi
saglayabilmesi

* Ogrencinin bireysel diizeyine uygun kararlar alabilmesi

* Egitim siirecine uygun kararlarin alinabilmesi

3.1 Yapay Zekanin Okul Yoneticiligindeki Yeri

Giiniimiizde teknolojik gelismelerin artmasi ile olusturulan sistemler
gittikge onem kazanmaktadir. Insan faaliyetlerinin hemen hemen hepsinde
teknolojik  gelismeler gortldiigiinden insanoglunun gelisen bu  gii¢
kargisinda lider davraniglar gostermesi beklenmektedir. Bu bakug agis1 altinda
egitim sektoriinii dikkate aldigimizda ogretmenlere ve okul yoOneticilerine
onemli gorevler diigmektedir. Egitimcilerin teknolojiyi etkili bir gekilde
kullanmasinin yanr sira bu konuda 6grencilere lider olmahdirlar. Dijjital
doniigiim okullarda yeni bir liderlik anlayisinin ortaya ¢ikmasina neden
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olmugtur. Ortaya ¢ikan liderlik anlayis1 teknolojik gelismeleri yakindan takip
eden dijital degisimi etkili kullanilabilen 6zellikler igermektedir. Aksi takdirde
liderin yetersiz kalacag: teknolojik degigim ve geligimler ortaya ¢ikacagindan

egitim siirecinde liderin eksik kalmasi s6z konusu olacaktir. Bundan dolayi
dyital lider, teknolojiye ayak uyduran ve yonlendiren olmalidir. Egitim
kurumunun bagarisi ve 6grenci performanslarinin artig gostermesi igin dijital

liderlik gereksinim haline gelmistir.

3.2 Yapay Zekanmn Egitime Katkilar1

Yapilan galigmalar sonucunda yapay zekdnin egitim siirecine sagladigi

katkilar agagidaki gibi siralanabilir:

Kisilestirilmig egitim 6gretim imkani sunmaktadur.

Akademik bagarinin arttig1 soylenebilir.

Isbirlikgi 6grenme igin alalli destek saglayabilir.

Ogretmenler igin zaman kaybinin 6nlenmesini saglamaktadir.

Siirekli degerlendirme ve geribildirim saglanmaktadir.

Ogretmenler derslerini duruma gore tekrar diizenleyebilir.

Ders uygulamalar1 uzaktan egitim ile saglanabilir.

Bilgiyle etkilesimde bulunuldugundan etkili 6grenmeyi saglamaktadir.
Egitimsel geribildirim saglanmaktadir.

Ogrencinin ihtiyaglarina ve ilgilerine uygun farkl kaynaklar sunabilir.
Oglencilerin ders igerigi ile sesli iletisim kurmalarina imkan saglar.

Ogrencilerin ilgi, beceri ve basarilari dogrultusunda diizeylerine
uygun kisisellestirilmis 6devler sunabilir.

Sanal gergeklik ve siiriikleyici ortamlar saglar.

Daha genis toplumsal sonuglar olusturur.

Ogrencilerin okulu birakma riskini énceden tahmin edebilir.
Daha iyi siif yonetimi saglanabilir.

Daha etkin idari yonetim saglanabilir.

Ogrencilere ait bilgileri hizh bir sekilde toplama ve saklama imkani
saglar.

Ozel gereksinimli 6grencilere imkan ve firsatlar sunarak etkili 6gretim
gergeklestirilebilir.
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3.3. Egitimde Yapay Zeki Kullaniminda Dikkat Edilecek Hususlar

Egitim siirecinde her ne kadar teknolojiden yararlanilsa da egitimin
insan merkezli bir stire¢ oldugu unutulmamalidir. Teknolojinin egitimdeki
rolii egitim siirecini gelistirerek kalitesini arttirmak olmalidir. Her ne kadar
yapay zekd alaninda hizli degisim ve gelismeler olsa da egitim alaninda
sadece teknolojiye giivenmek dogru degildir. Bu alanda yapilan galigmalarda
ogrencilerin kigisel ve akademik bilgilerinin kullanilmasi veri giivenligi
agisindan sorun olugturabilir (Vincent-Lancrin ve van der Vlies, 2020).
Egitim alaninda yapilacak ¢aligmalarda kullanilacak yapay zeka teknolojisini
stirecin  destekleyici kriteri olarak gormek insan faktoriiniin goz ardi
edilmeyecegi saglayacaktir. Yapilan ¢aligmalarda yapay zekanin insan ve ¢ocuk
haklar1 {izerinde birtakim olumsuzluklar olugturabilecegi endigesi oldugu
sOylenebilir. Cocuklarin tablet ve telefon kullanimindaki artig yapay zeka
kullanimini ve djjital diinyaya erigimi kolaylagtirmig olsa da ¢ocuklarin gergek
arkadaghigin ahlaki sorumluluklarini 6grenmelerine engel olusturmaktadr.

3.4. Egitimde Yapay Zeki Uygulamasi ve Faydalar1
Teknolojinin egitim ve 6gretimdeki uygulamalarina bakacak olursak;
* Kigisellestirilmis Ogrenme

Her 6grenci bilgiye ayni sekilde uyum saglayamaz. Bazi 6grenciler ¢abuk
Ogrenirken bazilar1 zamana ihtiyag duyabilir. Yapay zeka kullanimi her birey
i¢in egitimin kigisellestirilmesini saglar. Makine 6grenimi gibi destekleyici
teknolojiler ile 6grencinin dersleri nasil algiladig kayit altina alinarak stireg
daha igler hale getirilebilir. Gomiilii oyunlar, 6zellestirilmis programlar gibi
caligmalar ile her bireyin gereksinimlerine odaklanilabilir.

¢ Sesli Asistanlar

Egitimciler tarafindan 6grenmede verimli bir gekilde kullanilan bir bagka
yapay zeka bileseni de sesli asistanlardir. Bunlara 6rnek olarak Amazon™un
Alexa’sini, Apple Sirt’yi, Microsoft Cortana’yr gosterebiliriz. Bu  sesli
asistanlar, 6grencilerin 6gretmenin katilimi olmadan egitim materyalleriyle
sohbet etmelerini saglar. Egitim materyali ile etkilesimi kolaylagtirmak
veya ekstra 0grenme yardimina erigmek igin evde ve egitim dig1 ortamlarda
kullanilabilirler.

¢ Egitimcilere idari gorevlerde yardimcr olmak

Ogretmenler sadece egitim odakli gorevlerle miicadele etmezler, aym
zamanda sinif ortamini idare etme ve gesitli gorevlerle ile ilgili sorumlulugu
vardir. Egitimcilerin zamaninin yarisi egitim dig1 etkinliklere harcandigindan
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yapay zeka sistemleri, okul ve not verme gibi gorevlerle baga ¢itkmanin yani
sira ogrenciler igin kigisellegtirilmis yanitlar1 kolaylastirmada onemli katki
saglamaktadir. Bunun yani sira rutin ve monoton evrak isleri, lojistik ile ilgili
konular ve personel sorunlart ile ilgili destek olmaktadir.

* Engelleri Agmak

Yapay zeka araglar1 ve cihazlari, kiiresel siuflari, dilleri veya engelleri ne
olursa olsun herkes igin erigilebilir hale getirmeye yardimci olmaktadir.

* Farklilagtirilmig ve bireysellestirilmis 6grenme

Ogrenimi 6grencilerin bireysel 6zelliklerine gore ayarlamak, yillardir
egitimcilerin 6nceligi olmustur. Kalabalik siniflarda kigisellestirilmig 6gretim
ogretmenler igin zorluk olugtursa da yapay zeka sayesinde otaya ¢ikan
zorluklar giderilmektedir.

o Alkalli Igerik

Yapay zekanin egitim endiistrisinde devrim yaratmasinin bir bagka yolu
ogrencilerin bagartyaulagmasiig¢in yeni yaklagimlar geligtirmesidir. Akilliigerik,
ogrenmeyi daha basit hale getirdigi igin egitimciler, kuruluglar, 6grenciler ve
egitimciler arasinda oldukga popiiler bir terimdir. Akilli igerikten kasit ders
kitaplarinin dyjitallestirilmis kilavuzlarini, video konferans: ve video dersleri
igeren ¢esitli sanal igerik tiirleri sdylenebilir.

¢ Ozellestirilmis veri tabanl geri bildirim

Ister bir isyerinde ister siufta olsun, 6grenme deneyimleri tasarlama sz
konusu oldugunda geri bildirim ¢ok 6nemli bir bilesendir. Etkili 6gretim
ile yalmzca igerik vermek arasindaki temel fark, etkili 6gretimin siirekli
geri bildirim vermeyi igermesidir. Geri bildirimin giivenilir bir kaynaktan
gelmesi gok onemlidir; bu nedenle egitimde yapay zeka, giinliik verilere
dayali ig raporlarini analiz eder ve belirler. Veriye dayali bir geri bildirim
sistemi, Ogrenci memnuniyetine yardimci olur, 6grenmedeki 6nyargi
faktoriinti ortadan kaldirir ve becerilerin nerede eksik oldugunu anlamaya
yardimci olur. Bu geri bildirim, sistemde kayitl olan her 6grenci ve ¢aliganin
performansina gore sekillendirilmektedir.

* Giivenli ve merkezi olmayan 6grenme sistemleri

Milyonlarca Ogretmene ve Ogrenciye veri ve bilgi koruma ¢oziimleri
konusunda yapay zeka teknolojisi tarafindan destek verilir.

* Sinavlarda Yapay Zeka

Yapay zeka yazilim sistemleri, siipheli davraniglari tespit etmeye ve
amiri uyarmaya yardimct olmak ig¢in smavlarda ve goriigmelerde aktif
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olarak kullanilabilir. Egitimdeki yapay zeka teknolojisi avantajinin, en etkili
gevrimigi siav ¢oziimlerinden biri oldugu s6ylenebilir.

Asagida verilen egitim uygulamalari, her yagtan 6grencide 0grenmeyi
gelistirmek i¢in yapay zekanin giiclinden yararlanmaktadir.

Thinkster ~ Math:  Thinkster ~Math, matematik miifredatimi
kigisellestirilmis bir Ogretim stiliyle harmanlayan bir 6zel ders
uygulamasidir. Uygulama, Ogrencilerin  bir matematik problemi
tizerinde ¢aligirken nasil diigiindiiklerini gorsellegtirmek igin yapay
zekay kullanir. Bu 6gretmenin gocugun diistinme ve mantig iizerinde
cahigilmas gereken alanlart hizl bir gekilde tespit etmesini saglar. Daha
sonra aninda, kigisellestirilmig geri bildirim vererek onlara yardimei olur.

Brainly: Ogrenciler bu egitim platformunda ev 6devi sorulari
sorabilir ve diger Ogrencilerden otomatik, dogrulanmis yanitlar
alabilir. Sonug olarak 6grencilerin daha hizli 6grenmesine yardimci
olan Brainly, istenmeyen e-postalart filtrelemek i¢in makine 6grenimi
algoritmalarini kullanir.

Content Technologies, Inc. (CTI): Bu yapay zeka sirketi, 6grenciler
i¢in Ozellestirilmis 6grenme araglari olugturmak igin derin 6grenmeyi
kullanir.

Gradescope: Bu platform, not verme siiresini kisaltir ve (6gretmenlerin
not verme siiresi yiizde 70 veya daha fazla azalir) buna ek olarak
ogretmenlerin yardima ihtiya¢ duyduklari yerleri gosterebilen 6grenci
verileri saglar.

Duolingo: Diinya ¢apinda 120 milyondan fazla kullanicisi olan
Duolingo, sinifin 6tesine gegen genis bir kitleye sahiptir. 19 dil sunar
ve uygulamay1 kullanan herkesin bir yabanci dil 6grenmesine yardimci
olur ve zaman iginde becerilerini gelistirir.

Classcraf: Oyunlagtirma yoluyla mevcut zekayr kullanan gevrimigi
E-Ogrenme sistemidir. Ogrencinin siireg igerisinde oyun karakteri
ozelligine sahip oldugu, olumlu davramglar gosterdiginde puan
artigl, olumsuz davranglar sergilerlerse puan azaltan oyunlagtirma
uygulamasidir.

ChatBot: Kullanicr ile sesli ya da yazili olarak iletisgim kurarak bilgi
veren veya iglem yapan uygulama yazilimidr.

Assassin’s Credd: Ogrencilerin oyun oynarken tarihsel durumlar
yagamalarini saglayan video oyun serisidir. Ogrencilerin konuyu
ogrenirken ayni zamanda eglenmelerine imkan saglar.
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¢ Unfen Uygulamas:: Ogrencilere neyi 6grendiklerini 6grenirken
kullandiklar1 6grenme yollarini takip etmelerine destek olmak amagh
kigiye 6zel bilgiler sunar.

* Amazon Alexa: Sanal asistan olarak Amazon tarafindan geligtirilmistir.
Sesli etkilesim kurmak, istenen miizigi agmak, sesli haber ve kitap
okuma, giincel hava durumu bilgisi ve trafik bilgisi vermek gibi
islemleri yapar.

3.5. Egitimde Yapay Zekanin Gelecegi ve Oneriler

Egitimde yapay zekd uygulamalarina bakildiginda giin gectikge 6nem
kazandigr soylenebilir.  Egitim  siirecinde Ogretmenlerin - 6grencilere
rehber olmasinin yani sira yapay zeka konusunda farkindalik kazanmalari
gerekmektedir. Egitmenler bu alanda yapilan giincel galigmalara adapte
edilmelidir. Yapay zekd teknolojisi gelistikge, bu alanda tasarlanan
bilgisayarlarin ya da makinelerin 6grencinin yiiziindeki mimiklerden ve
degisimlerden bir konuyu anlamak i¢in miicadele ettigini gosteren ifadeyi
okumasi ve buna kargilik bir dersi giincellemesi miimkiin olabilir. Egitim
stirecini her 6grencinin bireysel 6zelliklerine ve ihtiyaglarina gore diizenleme
fikri bugtin gegerli olmasa da ilerleyen siiregte yapay zeka destekli makineler
igin gegerli olacaktir. Bu ve buna benzer galigmalar ile sinif ve okul yonetiminde
olusabilecek sorunlari giderici uygulamalar yapilacaktir.

4. Sonug ve Oneriler

Sonug itibariyle giiniimiizde yagsanan teknolojik degisim ve gelismeler
her gegen giin artmaktadir. Teknolojideki bu degisim ve gelisim yapay
zekd caligmalarini da dogrudan etkilemektedir. Yapay zeka g¢aligmalar:
egitimde, ekonomide, sporda, siyasette, bilimde ve diger alanlarda kendini
gostermektedir. Bu alanda yapilan ¢aligmalar geleneksel sistemlerin geligimine
yonelik yapilmakta olup is yiikiiniin azalmasini saglayarak daha hizl ¢alisan
sistemler tasarlamayr hedeflemektedir. Pandemi siireciyle birlikte yapay
zekanin uzaktan egitimde ne kadar etkili ve 6nemli oldugu anlagilmig ve egitim
kademesindeki herkesin teknolojiye hakim olmasi gerekliligi goriilmiistiir.
Yapay zeka alaninda yaganan gelismeler neticesinde ilerleyen siiregte egitim
alaninin yan sira birgok alanda gelismeler yaganacagi soylenebilir. Buna baglh
olarak okullarda yapay zeka, teknoloji, robotik kodlama ve djjital diinya gibi
konulara daha fazla yer verilmelidir.

Yapay zekanin son donemde 6nem kazanmasinin bir diger sebebi olarak
teknoloji ile i¢ ige yetigen yeni nesillerin ihtiyaglar1 dogrultusunda egitimin
yeniden diizenlemesinin gerekli oldugu gergegidir. Egitim alaninda yapilan
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yapay zeka caligmalari ile veriler daha hizli toplanarak analiz edilebilir.
Ogretmenlerin is yiikii azaltilabilecegi gibi not verme gibi egitimdeki temel
etkinlikler otomatiklestirilebilir. Bu alanda yapilan galigmalar ile sadece okul ve
stuf ortamu degil okul dis1 6grenme ortamlari da gelistirilebilir. Ogrencilerin
bireysel farkliliklar1 dikkate alinarak kigisellestirilmis egitim senaryolari
gelistirilebilir. Ogrencilerin bireysel performanslarinin geligtirilmesinin yan
sira igbirlik¢i galigmalart da desteleyecektir. Okullarda ve simiflarda yapay
zekd uygulamalarini kullanacak ogretmenlerin bu alanda egitilmesi biiyiik
onem tagimaktadir. Egitimcilerin gerek teknolojik gerekse de yapay zeka
alanindaki degisim ve gelisimleri yakin takip etmesi ve kendilerini siirekli
olarak geligtirmeleri egitimin kalitesini olumlu yonde etkileyecektir. Bu
alanda yapilan galigmalara bakildiginda yapay zekanin gelecekte egitimcilerin
yerini alacag gibi endiseler ortaya giksa da yapay zekanin egitim alaninda
kullanilmas: bu alandaki biitiin paydaslar tarafindan olumlu goriilmektedir.

Gelecekte egitim sektorii ile birlikte yapay zeka birgok alanda kendini
gosterecektir. Bu alanda yapilan galigmalar ile olugturulacak sistemlerin
geleneksel metot ile ¢alisan sistemlere gore daha etkili olacag: soylenebilir.
Biiyiik bir hizla ilerleyen bu alandaki ¢aligmalarin egitime farkli agilardan
giic katacagr ve stire¢ igerisinde kargilagilan sorunlara ¢oziim getirecegi
soylenebilir.
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