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Introduction

In today’s world, the increasing population and demands of modern liv-
ing result in a significant amount of municipal solid waste (MSW) generation.
If generated solid wastes are not disposed of in a manner consistent with en-
gineering designs, they pose a significant risk to the environment and human
health. Within the framework of the global sustainable development approach,
strategies that transform waste from being a threat to the environment and
human health into an input for the economy should be adopted (Saltabas et
al., 2009). The implementation of these strategies is only possible through the
application of the waste management hierarchy. According to the waste man-
agement hierarchy, the first step is to prevent waste generation at the source.
For wastes that cannot be prevented, the method should focus on reducing
the amount of waste at the source (Oktem, 2016). These two management ap-
proaches should be the priority in the integrated management of wastes, both
globally and in our country. The next management approach is the 3R meth-
od, which stands for reuse, recycle, and recover/energy recovery. After these
steps, the final option is the disposal of solid wastes. Generated waste is ren-
dered harmless to the environment and public health through various disposal
methods, which are categorized into three main groups: sanitary landfilling,
biological, and thermal processes (Arikan et al., 2017). In less developed and
developing countries, solid wastes are often haphazardly disposed of in open
solid waste dumping areas, such as riverbanks, road edges, abandoned mines,
riverbanks, and coastlines, away from residential areas (Ertlirk and Gorgiin,
2011). In Turkey, this method has been historically used for many years for
the disposal of solid wastes.

According to the 2020 MSW statistics of the Turkish Statistical Institute
(TURKSTAT), among the 1389 municipalities in Turkey, 1387 municipalities
providing waste services were determined to have collected 32.3 million tons
of waste. Of the generated 32.3 million tons of waste, 69.4% is sent to sanitary
landfill facilities. When looking at past years’ waste statistics, an increase in
the amount of waste going to sanitary landfilling is observed (TURKSTAT,
2020).

Additionally, according to the 2020 data, the per capita daily average
waste collected in Turkey is 1.16 kg. Personal preferences, influenced by
factors such as income level, sociocultural structure, population growth, and
geographical location, contribute to the variation in the amount of generated
waste (Mahees et al., 2011; Akintayo et al., 2023). In the three major cities
of Turkey, the per capita daily average waste generation is determined to be
1.233 kg for Istanbul, 1.031 kg for Ankara, and 1.458 kg for Izmir (TURK-
STAT, 2020). According to this statistic, only Izmir is among the top 20 cities
with the highest waste production per capita among major cities (Table 1).
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Table 1. The ranking of the top 20 cities with the highest per capita average waste

generation
(TURKSTAT, 2020)
Average Average
Amount Amount
Collected of Waste Collected
of Waste
. Waste per Person . Waste
Number Province . Number Province . per Person
Quantity (2020) Quantity
(2020)
(tons) (Kg/ (tons)
(Keg/
Person- Person-day)
day) v
1 Bartin 77522.6 2.056 1 Yalova 133298.6 1.48
2 Kilis 79403 1.985 12 [zmir 2336954 1.458
3 Kars 99666 1.887 13 Antalya 1318612 1.429
4 Mugla 676811.4043 1.86 14 Cankiri 71344.41 1.404
5 Canakkale 256572.837 1.849 15 Sinop 67009.05 1.373
6 Ardahan 26596 1.782 16 Karabiik ~ 94476.36 1.354
7 Burdur 122906.35 1.747 17 Edirne 155208.8 1.332
8 Agrt 176084 1.514 18 Usak 138188.2 1.307
9 Artvin 58062.09 1.489 19 Bolu 111319 1.302
10 Sirnak 211676 1.486 20 Van 542750.8 1.301

The Current Situation in Municipal Solid Waste Disposal

As of the year 2020, 69.41% of the collected 32.3 million tons of waste
is directed to sanitary landfill facilities. However, a significant percentage,
around 17%, is disposed of in municipal dumpsites. Despite the increasing
awareness of waste recycling and reuse globally with the concept of ‘cra-
dle-to-cradle,” open dumping is still employed in the disposal of generated
solid waste.

Figure 1 illustrates the distribution of waste quantities according to waste
disposal methods in Turkey between the years 2012 and 2020. These methods
include disposal in MSW landfills, sending to recycling facilities, and other
disposal methods (open burning, burying, dumping into rivers and land). In
2012, 37.81% of the generated waste was dumped into MSW landfills, while
this ratio decreased to 17% in the year 2020. Meanwhile, the quantity of waste
sent to sanitary landfills and recycling facilities has increased from 2012 to
2018. However, in our country, especially in small settlements that are still
inaccessible to municipalities, methods such as burning waste, dumping into
rivers, streams, and land, and sending it to municipal landfills continued in
2020.
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= 2016 61,23 28,80 9,79 0,19
= 2018 67,20 20,20 12,30 0,20
= 2020 69,40 17,00 13,20 0,40

Figure 1. MSW quantity and disposal methods collected annually over the years
(TURKSTAT, 2020)

The Environmental Impacts of Open Dumping Areas

Open dumping is not a ultimate disposal method and brings along many
environmental problems. Foremost among these are the inability to control
leachate, the release of accumulated landfill gas into the atmosphere, the
growth of pests threatening human health, and odor problems.

The leachate from solid waste, not subject to any containment system in
open dump areas, contaminates both underground and surface waters. Leach-
ate contains high concentrations of inorganic and organic pollutants and ad-
versely affects the quality of the water sources it travels through (Bayhan &
Ozbek, 2015). Rainwater that falls onto irregular disposal sites, along with
the inorganic and organic substances present in solid waste, dissolves through
various reactions and permeates into leachate. The content of leachate is sub-
ject to various factors, including the proximity of solid waste to the surface,
the content of solid waste, environmental interactions of leachate, landfill age,
pH, climatic conditions, and waste age (Kadilar, 2021). The age of the landfill,
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a parameter closely influencing leachate composition, results in a high propor-
tion of biodegradable volatile fatty acids in leachates from young landfill ar-
eas. As landfill age increases, biological decomposition is completed, and the
quantity of easily decomposable organic matter in leachate gradually decreas-
es. In 2-3 year-old landfill areas, organic matter, microorganism types, and
inorganic pollution loads reach their maximum (URL 1). These pollutants, at
high concentrations, mix with surface and groundwater through various trans-
port mechanisms, contaminating clean water sources and increasing treatment
costs. The transport of these pollutants depends on climate, meteorological
conditions, geographical and geological factors, and reaches recipient envi-
ronments through transformation reactions and complex transport (Haksev-
enler Giirsoy & Ayaz 2021). Particularly, the population living in settlements
around open dumping areas, who try to obtain drinking and utility water from
underground sources through wells, is at significant risk (URL 2). Given the
increasing pressure on water resources today, preserving the quality and quan-
tity of existing sources is crucial.

In addition, dust clouds and gases generated from expansive areas cov-
ered by solid waste contribute to air pollution. Failure to control the generated
gases can lead to open-air fires and explosions. In open dumping areas, the
anaerobic decomposition of biodegradable organic components results in the
emission of various gases such as methane, carbon dioxide, and hydrogen
sulfide (Samarahan, 2020). The majority of landfill gases consist of approxi-
mately 40-60% carbon dioxide and 45-60% methane, with trace amounts of
other gases also observed (Efe, 2022).

CO, is one of the significant greenhouse gases that play a role in the global
energy balance and is anthropogenically released into the atmosphere through
waste decomposition. Carbon dioxide accounts for approximately 76% of
global anthropogenic greenhouse gas emissions, while methane contributes
to about 16% (Aydin et al., 2011). When looking at the sectoral distribution
of total greenhouse gas emissions, energy ranks first with 278.33 million tons
of CO, equivalent (75.3%), followed by waste with 33.93 million tons of CO,
equivalent (9.2%). The Industrial Processes sector follows with 31.69 million
tons of CO, equivalent (8.6%), and agriculture with 25.7 million tons of CO,
equivalent (7.0%) (Figure 2) (URL 3). The prevention of emissions of CH,
and CO, gases, which have a high greenhouse effect and pose threats to the
environment and public health, is only possible through the proper disposal of
waste. These gases generated in landfill areas have a high energy potential and
are of significant importance to the economies of countries.



6 * Mirac Nur CINER

Agriculture Sector
7%

Industrial Processes
8.6%

Waste Sector
9.2%

Energy Sector
75.3%

= Energy Sector = Waste Sector = Industrial Processes = Agriculture Sector

Figure 2. Sectoral distribution of total greenhouse gas emissions (URL 3)

Republic of Turkey Ministry of Energy and Natural Resources announced
in June 2022 that the installed capacity based on biomass and waste heat en-
ergy was 2,172 MW (URL 4). The biomass source here includes municipal
waste, sewage sludge, excreta from large and small livestock, poultry ma-
nure, slaughterhouse waste, forestry and forestry industry waste and residues,
oilseeds, sugar and starch plants, fiber crops, and plant residues. Biomass is
utilized to obtain energy through methods such as direct combustion, gasifica-
tion, pyrolysis, fermentation, and biomethanization (Srivastava et al., 2020).
Waste-to-energy facilities hold a 2.14% share nationwide, which is approxi-
mately 10 times the installed capacity in 2011 (Figure 3) (URL 4).
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Figure 3. Proportion of biomass and waste heat energy within the total installed
capacity (URL 4)
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Besides global warming, the gases generated in open dumping areas pose
risks of poisoning, explosion, and fire, threatening both the environment and
public health. Especially during the summer months, fires can spread to for-
est areas at high wind speeds, causing destruction. An example of this is the
fire that occurred in the Bayrakli Area within Burgazada boundaries. The fire,
which broke out on October 6, 2003, in the Bayrakli Area, quickly spread to
many points due to high wind speed. The fire, which was brought under con-
trol after 8 hours, resulted in the destruction of approximately 11 houses and
40 hectares of land (Kilig, 2017).

Rehabilitation of Open Dumping Areas

Slope Regulations

In the initial stage, it is crucial to ensure the slope stability of the waste
mass to achieve a well-defined geometry (Ertiirk and Gorgiin, 2011). The
maximum and minimum slopes on the upper layer are calculated, taking into
account future settlements and surface water drainage. At this stage, the pri-
mary goal is to prevent rainwater from penetrating into the waste, minimizing
the contact of water with pollutants. To achieve this, the upper surface of the
waste dumping area is leveled and brought to the same grade. Subsequently, to
enhance stability and create a foundation for other layers, a pre-fill layer with
a thickness of approximately 50 cm should be placed on top of the leveled
waste surface. Unless there are regional geotechnical constraints, the waste
slope should not exceed 1 in 3 (33% slope), and the upper slopes should not
exceed 20 in 1 (5% slope) (Rushbrook & WHO, 2001).

Gas Drainage Layer

The collection of landfill gas generated in open dumping sites and its
disposal in a manner that poses no risk is essential. The gas drainage layer,
approximately 30 cm thick and placed on top of the initial fill layer, serves to
distribute pressure and protects the mineral impermeable layer from gas pres-
sure (Oztiirk, 2015). Typically, gravel with a permeability of around 1x10-
m/s is used in this layer. In areas where the waste depth exceeds 7m, vertical
gas wells (with a diameter of approximately 1m) are drilled, while in areas
with a depth less than 7m, horizontal drainage can be employed (Gokge &
Hasanoglu, 2015). Landfill gases can be collected using passive or active sys-
tems (Duan et al., 2021). Passive systems rely on the principle of utilizing the
diffusion movement of gas within the landfill area, while active gas collection
systems involve removing the gas through a vacuum collection system. Pas-
sive systems are more economical and require less maintenance compared to
active gas collection systems. However, in these systems, creating a pressure
gradient in the gas extraction wells and trenches is necessary. If an insufficient



8 + Mirac Nur CINER

pressure gradient is established, the desired level of gas emission cannot be
achieved. In such cases, air may infiltrate the solid waste masses, disrupting
anaerobic treatment. Additionally, the direct release of collected gas into the
atmosphere and the absence of energy recovery are among the disadvantages
of this method. In active methods, the extracted gas is burned to generate en-
ergy. It is recommended to use hybrid systems that combine both active and
passive collection methods in landfill sites.

Impermeable Layer

The impermeable layer generally consists of two compacted clay layers
with a permeability of less than 1x10® m/s each. In places where obtaining
clay is challenging, a geomembrane can be used (Sarptas et al., 2006). When
there are clay deposits in the vicinity, a natural clay layer is preferred over a
geomembrane due to its natural origin. Cost-benefit analysis is considered in
the selection process.

The Water Drainage Layer

The layer located above the impermeable zone is the water drainage
layer. This layer facilitates the drainage of rainwater and surface water. It is
composed of low-lime, high-permeability gravel or sand with a permeability
greater than 1x103 m/s (Sarptas et al., 2006). This layer allows the drainage
of precipitation and surface waters without infiltrating into the solid waste. In
open dump areas, the management of two different water characterizations is
necessary: surface water due to rainfall and leachate water.

In the drainage of surface waters, the establishment of two sub-systems is
mandatory. The first system is designed for the collection of rainfall directly
onto the waste disposal site, ensuring the collection of surface runoff and its
diversion outside the open dump area without causing damage to the cover.
The water seeping from the upper soil layer is collected through drainage pipes
in the gravel layer placed on the clay layer and directed outside the site. The
second system aims to collect the flow from the water collection basin above
the site before it enters the field. For this purpose, water diversion trenches are
excavated around the site, designed based on precipitation data obtained from
the General Directorate of Meteorology to determine the amount of surface
runoff (Gok¢e & Hasanoglu, 2015).

Final Cover Formation

Lastly, agricultural soil is spread on top for the vegetation of the landfill.
This layer varies in thickness, depending on the root depth of the selected plants,
and should be at least 1 meter thick. When choosing plants, short-rooted spe-
cies that do not harm the impermeable layer and drainage layer with their roots
should be selected. Additionally, the chosen plant species should be resistant to
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landfill gases. A list of some species that can be used as cover plants in landfill
areas is provided in Table 2 (Gok¢e & Hasanoglu, 2015). In the 4th section of
the Directive on Solid Waste Landfill Management published in 1993, possible
alternatives for the ‘Upper Surface Impermeability System’ given in the ‘Prin-
ciples of Rehabilitation of Unregulated Old Landfills’ are provided. In this con-
text, a layer containing natural and artificial impermeable materials is selected
based on the proximity to resources and cost considerations. In open dumping
areas where the final cover layer is applied, significant settling can be observed
after 15-20 years. Therefore, before the closure process, it should be determined
that there is no risk of settlement or sliding in the area.

Table 2. Some plant species that can be used in the final cover formation (Gokge &
Hasanoglu, 2015)

Latin Name

Astragalus hamosus

Sarothamnus scoparius

Trifolium arvense

Lotus ornithopodioides

Medicago lupilina

Trifolium lappaceum

Onobrycis vicieafolia

Medicago disciformis

Trifolium campestre

In a study by Saglik et al. (2021), the environmental issues arising from
the increase in global population and consumption habits led to an increase
in MSW generation. Focusing on the rehabilitation of the former landfill near
the Canakkale Onsekiz Mart University Terzioglu Campus, the study empha-
sizes its visual significance. The historical use and current status of the former
landfill are examined, and post-rehabilitation plant recommendations are pro-
vided to make the area suitable for landscape design. It is concluded that these
recommendations will enhance urban life quality by increasing green space
and eliminating visual pollution while contributing significantly to the fight
against environmental pollution. The study highlights that completed rehabil-
itation and landscape design efforts will eliminate the hazardous image in the
perception of users, creating a safe environment and providing an effective
solution to environmental problems (Saglik et al., 2021).

In their study conducted in 2006, they identified the potential issues re-
lated to open dump areas and their environmental impacts that Turkey may
encounter during the integration process with the European Union (EU). Mea-
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sures to be taken for the rehabilitation of open dump areas and the necessary
legal regulations for this process are examined, with a particular focus on the
open dump area of Kusadasi Municipality. In the context of Turkey’s har-
monization process with the EU Environmental Acquis, the rehabilitation of
existing open dump areas emerges as an inevitable step. In this regard, general
tasks such as the assessment of the current situation in the area, the planning
of the cover layer and upper use, and the design of the gas collection system
and leakage water are listed. As part of the study, a specific preliminary study
conducted on the open dump area of Kusadast Municipality details the reha-
bilitation-related tasks, aiming to guide decision-makers with similar exam-
ples during Turkey’s EU harmonization process (Sarptas et al., 2000).

The study (2006) provides strategic information and recommendations
for the landscape restoration and improvement of existing open dump areas
based on a sampling conducted at the Tuzlucayir-Mamak open dump area.
This study emphasizes that the proposed landscape restoration highlights the
need to cease disposal activities at the current Tuzlugayir-Mamak open dump
area and rehabilitate the area. At the same time, it emphasizes that the Tuzlu-
cayir-Mamak illegal dump is in Ankara’s watershed and is a key part of An-
kara’s Open-Green Area System. This suggests that a method should be used
that protects the environment and provides recreational benefits (Dilek, 2006).

A study conducted in (2007), investigated the vegetation initiatives im-
plemented at the Adana-Sofulu Landfill in the Mediterranean Region for the
improvement of Solid Waste Disposal Areas. Selected plants, including Al-
thea rosea, Cynodon dactylon, Inula viscosa, Melilotus officinalis, and Thym-
bra spicata var. spicata, were irrigated with leachate from the landfill, and their
development under adverse conditions in the landfill area was evaluated. The
findings indicate that Althea rosea, Cynodon dactylon, and Melilotus offici-
nalis can thrive successfully in landfill areas, while Inula viscosa and Thym-
bra spicata var. spicata are comparatively less effective in terms of biological
remediation. Additionally, the study examined the effectiveness of planting
urban landfill areas and irrigating the plants with leachate and tap water, de-
termining that the plants exhibited better growth in the landfill area. The study
emphasizes that increasing plant diversity through irrigation could contribute
to faunal enrichment and underscores the importance of monitoring microbial
activities in landfill areas (Erdogan & Uzun, 2007).

Maintaining and Monitoring the Rehabilitated Area

After the open dump area is rehabilitated, it is essential to monitor whether
there are any ongoing risks to the environment and public health. Additionally,
regular area monitoring should be conducted, and maintenance procedures
should be applied when necessary. The monitored parameters and control in-
tervals are provided in Table 3.
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Table 3. Maintenance and monitoring intervals for rehabilitated wild landfill sites (URL 2)

Control Point Potential Problems Check Frequency
Top cover Erosion and abrasion on the soil Once a year and after heavy
surface rain
Surface Drainage Accumulation of soil in the Four times a year and heavy
surface drainage layer, control of rainfall
drain pipes after that
Groundwater Groundwater pollution Twice a year
Monitoring
Landfill Gas Odor, broken gas chimneys, Regularly
Monitoring compressors and flare equipment
Flora Vitality level Four times a year
Conclusion

After the solid wastes generated in our country are collected in accor-
dance with the Solid Waste Control Regulation, the necessary obligations and
responsibilities are fulfilled during disposal in a manner that does not pose a
threat to the environment and human health. According to TURKSTAT data,
in 2012, there were a total of 672 facilities, including 83 waste disposal facil-
ities and 589 recycling facilities, in operation. As of 2020, the number of san-
itary landfill facilities has increased to 174. These facilities serve a population

of 78.92 million in 1389 municipalities.

The management of solid waste is an international issue that encompasses
various environmental, financial, and social aspects. Therefore, approaches to
waste management should be steadfast and continuous, considering these rea-
sons. Ensuring the systematic disposal of waste is essential for the improve-
ment of a country’s welfare. In our country, according to the National Waste
Management and Action Plan, it is targeted that 35% of the waste generated in
2023 will be recycled, and 65% will be disposed of by sanitary landfill. Within
the framework of this goal, it is imperative to develop policies that minimize
the quantity of waste sent to municipal landfills and disposed of through other
methods.
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INTRODUCTION

A proj ected ncieHie IR e frequency and intensity of extreme precipita-
tion occurrences is among the most significant effects of a forthcoming warm-
er climate. It is possible to observe this rising trend of extreme precipitation in
both climate model projections and observation records (Martel et al., 2021).
Climate incidents such as fires, floods, heatwaves, and droughts have been
recorded as caused by climate change and global warming (AghaKouchak et
al., 2014; Roshani et al., 2020; Kim et al., 2020; Bras et al., 2021; Carnicer
et al., 2022; Cavus et al., 2023) The scientific community generally affirms
the fact that global warming and climate change exacerbate extreme events
with regard to their duration, frequency, or intensity. Accordingly, numerous
socio-economic sectors are unfavorably affected by these events all around
the world (Iyakaremye et al., 2021; IPCC, 2021; Chiang et al., 2021; Baghel
et al., 2022). Furthermore, these extreme events are more likely to be sensitive
to climate change than the average climate, portraying them as a notorious
global hazard (Guan et al., 2022). Based on CRED (2021), bringing forth 13%
of disaster-associated casualties over the last twenty years, worldwide human
mortality is seriously impacted by severe temperature incidents. In addition to
that, a shocking 1.65 billion people have been impacted by floods, while 1.45
billion have been affected by droughts, as stated by Baghel et al. (2022).

Previous studies have shown that the frequency and intensity of climate
extremes have risen on a global scale, and this pattern is expected to persist
in the future (Donat et al., 2016; Myhre et al., 2019; Papalexiou & Montanari,
2019; Guan et al., 2022). Also, in conformity with the conclusions of Kouman
et al. (2022), the current climate trends are predicted to last in the 21st cen-
tury, as the results of both suggested high- and moderate-emission scenarios
suggest. Because of the widespread implications they can have, the investiga-
tion of climate extremes, their variations, and their impacts on socioeconomic
factors is of great importance (AghaKouchak et al., 2014; Moazenzadeh et al.,
2018). The coupled effects of climate change, land use and land cover alter-
ations, population increase, and unplanned urbanization provoke the negative
impacts of such extremes even more severe (Kourtis and Tsihrintzis, 2022).
Thus, it is key to meticulously investigate the changes in climate extremes on
a global, regional, and local scale (Wang et al., 2022; Wudineh et al., 2022).

Considering the changing climate, extreme precipitation characteristics
are most important in determining drainage, irrigation, and infrastructure de-
signs effectively. These characteristics, which give an overview of the return
level of extreme precipitation for return periods and extreme precipitation du-
ration, are frequently used in hydrological infrastructure design and engineer-
ing applications (Quali et al., 2018). To ensure their relevance and efficiency
in infrastructure development and flood risk management, extreme precipita-
tion characteristics must be updated, considering ongoing climate change and
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anthropogenic activities that are changing precipitation patterns. Engineers
and planners can strengthen the resilience of critical infrastructure and adapt
to changing climate patterns by integrating up-to-date rainfall estimates, pro-
tecting populations from the negative impacts of extreme rainfall events in the
future (Panos et al., 2021).

In climate science, general circulation models (GCMs) are crucial since
they offer important insights into future climate data (Randall et al., 2007).
GCMs mimic complex interactions between climate factors and provide pro-
jections on regional and global scales by mathematically simulating Earth’s
atmosphere, oceans, and historical climate data. The Coupled Model Inter-
comparison Project (CMIP) brings together many GCMs from research cen-
ters around the world. This lets us compare and evaluate model performance
in a structured way and gives us a solid set of projections (Pierce et al. 2009).

Modern climate models from leading research institutions worldwide are
used in CMIP6, the sixth phase of the CMIP. With the advent of CMIP6 mod-
els, precipitation pattern simulation and its implications for future climate sce-
narios have advanced significantly (Bagcaci et al., 2021; Eyring et al., 2016).
Its main goal is to improve projections for numerous variables, including pre-
cipitation, and expand our understanding of climate processes. CMIP6 builds
on the strengths of its predecessors by adding improvements such as better
representation of physical processes, higher spatial resolutions, and better ini-
tialization techniques. These all help make simulations of changes in precipita-
tion more accurate on a global and regional level (Eyring et al., 2016; Wyeser
et al., 2020). Including Shared Socioeconomic Pathways (SSPs), which cover
a variety of potential future socioeconomic growth scenarios, is a notewor-
thy improvement in CMIP6 (O’Neil et al., 2016). The alternative narratives
presented by these SSPs illustrate alternate societal and economic pathways,
enabling an examination of diverse greenhouse gas emission trajectories and
their associated climate impacts. The intricate interactions between human ac-
tivities, including population expansion, technological improvements, energy
consumption, and their influence on future precipitation patterns, are better
understood by researchers by linking CMIP6 models with SSPs.

While GCMs are the main resource for future climate data, their resolu-
tion is generally coarse, particularly for regional and local studies. The reso-
lution required to represent localized extreme weather phenomena needs to be
improved in global climate models, even though they offer vital information
about large-scale climate patterns (Dulicre et al., 2011; Roberts et al., 2018).
In contrast, downscaling techniques make it possible to convert coarse glob-
al climate model results into fine-scale regional assessments, allowing for a
more precise and detailed projection of extreme rainfall occurrences (Teutsch-
bein et al., 2012; Liang et al., 2008; Done et al., 2015). Quantile Delta Map-
ping (QDM) is a statistical downscaling technique that has drawn interest and
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shown promise in this setting (Cannon et al., 2015). QDM is a powerful meth-
od that bridges the gap between fine-scale regional assessments and coarse-
scale global climate models. It does this by keeping the statistical features of
precipitation, like extreme quantiles. This method checks the differences in
precipitation quantiles between what a climate model says and a historical cli-
mate dataset (reference data). It then uses those differences to change the mod-
el’s predictions for the future. In addition to handling non-stationarity in the
relationship between global climatic variables and local precipitation, QDM
has many advantages over conventional approaches (Kim et al., 2021). Work-
ing directly with quantiles allows QDM to capture changes in the precipitation
distribution, which is particularly important when estimating extreme values
essential for building infrastructure and creating climate adaptation plans.
Nevertheless, it should be noted that extreme precipitation events do not dis-
play spatial uniformity and instead demonstrate significant spatial variability.

The study aims to achieve several objectives, to estimate and intercom-
pare the change in future extreme rainfall characteristics over Tiirkiye using
the QDM downscaling approach and CMIP6 global climate models. The study
also seeks to discuss the impact of climate change on the frequency of extreme
rainfall, how temporally and spatially daily extremes change, and the need
for updated information. The findings of this research have the potential to
significantly improve Turkey’s preparedness and response to climate change,
promote sustainable urban development, and protect community well-being
in the face of evolving environmental uncertainties. In the following sections,
the study’s methodology will be explained, including the use of reference data,
climate models, frequency analysis, and the QDM downscaling approach. Ac-
cordingly, extreme precipitation patterns over Tiirkiye in the future will be
calculated using CMIP6 models. The paper will conclude with a summary of
key findings and some final remarks.

STUDY AREA, DATA and METHODOLOGY

2.1. Study Area

The location of Tiirkiye is mainly on the Anatolian Plateau in Western
Asia, which has the coordinates 36° and 42° north latitude and 26° and 45°
east longitude (Figure 1). The country has borders with the Black Sea in its
north, the Aegean Sea in its west and the Mediterranean Sea in its south. It has
a total land area of 783.562 km?. A mild Mediterranean climate is mostly dom-
inant in the Tiirkiye, yet due to its complex topography, mountainous regions,
and being impacted by the sea, other climate conditions such as temperate
continental, oceanic, and dry mid-latitude steppes are also seen. While milder
conditions are experienced in the coastal areas, mountains like Taurus and
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Northern Anatolia located parallel to the sea blocks the diffusion of marine ef-
fects towards the inland parts (Oruc, 2022). This leads to limited precipitation
and continental climatic conditions for the inner parts of the country with hot,
dry summers and cold winters (Amjad et al. 2020). Temperature and rainfall
patterns display diverse features in Tiirkiye as well. The Central Anatolia re-
gion gets around 400 mm of yearly precipitation while the Black Sea region
gets over 2200 mm, making it the highest amount in the country.
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Figure 1. Study area (Oruc, 2022)

2.2. Data

2.2.1. Reference Data ERAS5-Land

The ERAS5-Land data from the European Centre for Medium-Range Weath-
er Forecasts (ECMWF) were used in this work to downscale and correct biases
in the CMIP6 global climate models and to evaluate the performance of the
bias-corrected and downscaled data. ERAS5-Land, as detailed by (Mufioz-Sa-
bater et al., 2021), offers an open-access data set that extends from 1950 to ap-
proximately 2-3 months prior to the present, delivering high-resolution hourly
information on surface variables. This dataset, which has an approximate grid
spacing of 9 km, is the outcome of reprocessing the land component of the
ERAS climate reanalysis with a more precise spatial resolution. The ability to
operate at more exact scales thanks to the horizontal resolution of 0.10° x 0.10°
instead of 0.25°x0.25° is the main difference between this set and its original.

2.2.2. CMIP6 Global Climate Models

In this study, the CMIP6 global climate models were used as the source of
future projections. The6th edition of the Coupled Model Comparison Project,
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(CMIPO6), (Eyring et al., 2016; O’Neill et al., 2016), is understood to have per-
formed better compared to its predecessor CMIP5. Although the CMIP 6 data
is relatively new, there appears to be a growing interest in the implementation
of the latest projections.

Moreover, Baggaci et al. (2021) stated that CMIP6 products in Turkey
performed better than CMIP5 for precipitation and temperature, and therefore
the results of climate change impact studies should be updated with the lat-
est data. Therefore, CMIP6 models are not only the most up-to-date climate
models, but also perform better on Turkey than the previous version of CMIP5
models. Table 1 lists the top ten CMIP6 models that demonstrate enhanced
performance over Turkey, as identified by Bagcaci et al. (2021), while Figure
2 graphically presents the SSPs, outlining them as prospective future scenar-
10S.

Table 1. Top 10 CMIP6 climate models over Tiirkiye used in the study (Precipitation
and Temperature) (Bagcaci et al. (2021)

Rank Precipitation Temperature
CMIP 6 GCM CMIP 6 GCM
1 HadGEM3-GC31-MM MPI-ESM1-2-HR
2 GFDL-ESM4 CNRM-ESM2-1
3 ACCESS-CM2 NorESM2-MM
4 EC-Earth3 MRI-ESM2-0
5 CNRM-CM6-1-HR EC-Earth3-Veg
6 MRI-ESM2-0 CESM2
7 EC-Earth3-Veg HadGEM3-GC31-MM
8 HadGEM3-GC31-LL CNRM-CM6-1
9 MIROC6 CESM2-WACCM
10 UKESM1-0-LL BCC-CSM2-MR
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Figure 2. CMIP6 Global Climate Model Future Scenarios (O’Neill et al, 2016)

2.3. Method

2.3.1. Bias Correction

The quantile delta mapping method (QDM) has been developed to elimi-
nate systematic biases in model outputs, while simultaneously preserving the
relative changes observed within the quantiles of the models’ variable under
scrutiny (Cannon et al., 2015). A relative change term taken from the model
data and a bias-corrected value obtained using reference data make up the core
equation of the quantile delta mapping approach. This method differs from the
detrended quantile mapping approach in that it takes into account all modeled
quantiles in addition to the modeled mean. (Cannon et al., 2015; Gumus et al.,
2023).

o

xm,p (t) = E|:~::l:’1,i'i:;:l (t) * d:lrl (t)
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Zomni(8) is the bias corrected reference period data, 4m () is the
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relative change in the model data over the reference and projection pe-
riods.

2.3.2. Multi-model ensemble average

In climate modeling research, the multi-model ensemble average
(MMEA) is frequently employed to account for the biases and uncertainties
introduced by GCMs (Kim et al., 2016, Ahmed et al., 2019). In this approach
predictions of different models utilized to produce a single yet more accurate
predictions. The idea behind this approach is that combining the strengths of
multiple models will create a more robust and accurate predictive model that
any single model cannot achieve individually. Using an ensemble average, in
which the individual model predictions are averaged together to get a final
output, is one method of combining the predictions of multiple models. On the
other hand, it should not be forgotten that this may not always be the optimal
method, However, it can be a straightforward and simple way to combine the
predictions of different models. R software version 4.2.2 was used to conduct
the analysis.

2.3.3. Extreme Value Analyses

For researching meteorological extremes, extreme value analysis (EVA)
is often utilized (Oruc, 2021). Extreme value theory (EVT) focuses on analyz-
ing the statistical characteristics of the extreme values (tails) of distributions
and provides methodologies for assessing the extremes of a time series (Coles,
2001). EVT utilizes probability distribution functions such as the Generalized
Extreme Value (GEV) or Generalized Logistic (GL) to model annual block
maximum (A(B)M) series, or the Generalized Pareto Distribution (GPD) for
peak-over-threshold (POT) series (Oruc, 2021). This theory is extensively
employed in engineering disciplines to address extreme environmental condi-
tions (Coles, 2001; Coles and Sparks 2006).

According to Gilleland and Katz (2016) the GEV distribution is consid-
ered capable of fitting block maxima (BM) of datasets (). It is characterized by
three parameters, which are provided in the following equation (2), location
(), scale (o), and shape (&) parameters.

G(z) =exp (- {1 +§ (?)} 9, (2)

where z, = max {z, 0}, >0, and —oo < p, & < oo (Coles 2001).

The BM method seeks to characterize the probability distribution of a
block’s maxima. The BM technique selects blocks of equal length and deter-
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mines the maximum values from each block. Subsequently the GEV distri-
bution is fitted to the acquired maximum series to estimate the return level,
return period and the probability of exceedance. The block size holds signif-
icance as the convergence of the parent distribution’s maximum series to the
GEV distribution, as anticipated in the Block Maxima (BM) approach, may
be hindered due to the limited number of blocks and biases and errors induced
by the limited block size (Oruc, 2021).

GEV models were built using a BM method for this investigation, and
distribution parameters were evaluated using MLE. According to Roslan et al.
(2020), MLE is adaptive to model modifications and is often used to estimate
GEV distribution parameters due to its beneficial asymptotic features. Model
parameters were chosen in this manner because they optimize the likelihood
function, allowing for the optimal distribution to describe the observed data
(Mahmoodian, 2018).

RESULTS

For the projection of extreme precipitation events, an ensemble of 10
CMIP6 models was made to examine the alterations in extreme precipitation
across Tiirkiye. To determine the return levels with different return periods,
annual daily maximum precipitation data were employed with the General-
ized Extreme Value (GEV) distribution, a method widely recognized as the
most suitable for fitting extreme precipitation data, as evidenced by various
global studies. Both SSP2-4.5 and SSP5-8.5 scenarios were used considering
the near-mid-far future 24-hour (daily) return level values for 20-50-100 years
return periods.

The daily annual maximum precipitation based on downscaled CMIP6
models for the grids covering Tiirkiye are used to derive return level values of
various return periods and compared with the ERA5-Land values during the
reference period by calculating the 20-50-100 years return levels.

The spatial and temporal distribution of magnitudes and relative changes of
R20, R50, R100 for both scenarios are given in Figure 3, 4, and 5. The similarity
between the ERAS5-Land values and the downscaled GCM ensemble shows the
success of bias correction and downscaling algorithm. In the case of 20-year
return level values (Figure 3), lowest values are observed in the Central Ana-
tolia Region and some parts of the Eastern Anatolia Region, where values vary
around 40mm. Meanwhile, the highest values are observed in eastern coasts of
Black Sea Region and western Mediterranean Region where return levels are
over 100 mm. Although both scenarios projected an increase in 20-year return
levels, the increase under the SSP5-8.5 scenario is more critical. By the end of
the century, this scenario projects that historical highest return levels will be
experienced across most of the Aegean, Mediterranean and Marmara coast.
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Figure 3. 20 years return level.

When the historical results for 50 year return levels are investigated (Fig-
ure 4) the values are generally around 50 mm in the Central Anatolia region
and most parts of the Eastern Anatolia Region. Meanwhile, values up to 150
mm is observed in eastern Black Sea and Mediterrenean Regions. Similar
to 20 year return levels, a gradual increase in the entire Tiirkiye is projected
under both scenarios. However, the highest increases are projected by the end
of the century under SSP 5-8.5 scenario for the Mediterrenean and Aegean
coasts. Altough the eastern Black Sea is a historical hotspot, it is relatively less
effected by the changes in extreme precipitation.
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Figure 4. 50 years return level.

Finally, 100 year return level values (Figure 5) show that historically the
eastern coasts of the Black Sea Region and the Mediterrenean Region shows
the highest values with up to 200 mm. On the other hand, values in the Centre-
al Anatolia and Eastern Anatolia regions does not exceed 70 mm. Apart from
the coast and eastern parts, the Black Sea region also experiences relatively
smaller return levels. However, in the future periods the values are expected
to increase in all regions. Under SSP5-8.5 scenario values up to 100 mm could
be experienced by the end of the century in the Central and Eastern Anatolia
regions. In the Mediterrenean region where the highest increase is expected,
values may rise up to 250 mm in some locations. Eastern parts of the Black
Sea regions relatively less affected while the increases in the Mediterrenean
and Marmara regions also show significant increases.

- 25
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Figure 5. 100 years return level.

All results indicate that gradual increases in return levels are expected.
Even though increases under SSP5-8.5 are more drastic, SSP2-4.5 is also proj-
ects significant increases by the end of the century, especially around Medi-
terranean and Aegean coasts. The differences between scenarios are relatively
small for the near future period (2015-2040), however after mid-century, the
diverge becomes more evident. It is also observed that the difference between
mid-century (2041-2070) and late-century (2071-2100) is more significant
under SSP5-8.5 unlike SSP2-4.5 scenario where extremes are more stable.

CONCLUSIONS

The objective of this research was to examine the projected alterations
in extreme precipitation over Tiirkiye as a consequence of climate change
throughout the twenty-first century. The study employed Coupled Model In-
tercomparison Project Phase 6 (CMIP6) models in accordance with the Shared
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Socio-Economic Pathways (SSP)5-8.5 and SSP2-4.5, utilizing a three-tiered
future framework (near [2015-2040], middle [2041-2070], and far [2071-
2100]). As a statistical downscaling technique, the Quantile Delta Mapping
(QDM) method was applied to improve the spatial accuracy of low-resolu-
tion global climate models (GCMs). For this purpose, the fifth-generation re-
analysis (ERAS5-Land) dataset from the European Centre for Medium-Range
Weather Forecasts (ECMWF) was utilized. The dataset has a spatial resolu-
tion of 0.1° x 0.1° (equivalent to approximately 9km).

Climate change is expected to affect precipitation patterns globally, and
Turkey is no exception. The region’s climate is influenced by its unique geog-
raphy, which includes coastal areas, inland regions, and mountainous terrain.
The impacts of climate change on precipitation are not uniform across Tur-
key. Different regions may experience varying changes due to local climate
influences. For instance, coastal areas might see different changes compared
to central or eastern parts of the country. With an increase in extreme precip-
itation events, the risk of flash flooding may rise, particularly in urban areas
with inadequate drainage or in regions where the natural landscape has been
significantly altered.

After performing an evaluation of the findings, it was determined that
both the SSP2-4.5 and SSP5-8.5 scenarios account for significant changes in
extreme precipitation over the course of the century in the studied area. How-
ever, SSP 5-8.5 scenario indicates a more dominant increase by the end of the
century, according to the analyses results especially for the longer return peri-
ods. In the context of extreme precipitation, both scenarios suggest an intensi-
fication of the severity of heavy precipitation events. In conclusion, the results
indicate that climate change will contribute to an intensification in both the
severity and the recurrence rate of extreme climate conditions over Tiirkiye.

However, this study also has its own limitations. Firstly, the accuracy of
the findings is dependent on the quality of the reference dataset used, which in
this case is the ERAS5-Land reanalysis data. It is acknowledged that reanalysis
data may not often yield the extreme values when compared with the station
observations. Additionally, the number of models used is expected to affect
the results; increasing the number of models and/or employing a different en-
semble method, such as a weighted average of models employed, is likely to
enhance the accuracy of the findings.
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Electromagnetic propulsion represents the third category within elec-
tric propulsion, with a primary focus on propelling highly charged plasmas
through the utilization of currents and magnetic fields. In contrast to electro-
static engines, electromagnetic engines demonstrate a notably high thrust den-
sity, ranging from 10 to 100 times that of ion engines, and produce a neutral
exhaust beam, obviating the necessity for an ion neutralizer. The interaction
of electric and magnetic fields, perpendicular to each other, facilitates the ac-
celeration of plasmas.

Electromagnetic thrusters employ various methods to ionize propellant
and propel it using an electromagnetic field, combining elevated specific im-
pulses with the capacity to handle exceptionally high power levels. This cat-
egory of electric propulsion engines can achieve significantly greater thrust
levels (N-kN) in comparison to electrostatic thrusters (Tajmar 2003).

Electromagnetic techniques offer a noteworthy advantage over electro-
static counterparts as they can confine and direct plasmas characterized by
higher temperature and density. This results in increased exhaust velocities,
leading to a more efficient utilization of propellant mass (Jordan 2000).

Electromagnetic thrusters propel ionized gas flow without being con-
strained by electric space charge, distinguishing them from gridded ion thrust-
ers. Various types include pulsed thrusters, magnetoplasmadynamic (MPD)
thrusters, and helicon thrusters. MPD thrusters, in particular, have the poten-
tial to generate substantial thrust at high power levels, making them suitable
for missions related to cargo and personal transportation to Mars (Levchenko
et al., 2022).

The operation of electromagnetic thrusters involves the acceleration of
ionized gas flow through the interaction of electric current and a magnetic
field, which can either be externally applied or self-generated through signif-
icant current flow. These thrusters can function in pulsed mode or as steady-
state devices (Beattie & Penn, 1989).

1. Hall Effect Thruster

Hall-effect thrusters leverage the Hall current and its interaction with a
magnetic field to produce thrust. In situations characterized by low-density
plasmas and elevated magnetic fields, the Hall-effect electric field becomes
prominent, yielding advantageous outcomes. The Hall current induces an or-
bital motion of electrons around a central guide, and with the application of a
radial magnetic field, the flow spirals outward, resulting in acceleration.

In the case of Hall thrusters, a process involves introducing gas (typically
xenon) into an annular space through an anode. Electrons flowing in the op-
posite direction, derived from an external hollow cathode current, ionize the
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gas. lons then accelerate under the influence of the electrostatic field generat-
ed by the negative cathode, while electrons undergo an azimuthal drift (Hall
current). Thrust is transferred to magnetic coils through interaction with the
electron Hall current. Hall thrusters fall under the category of electrostatic ion
accelerators, and their exhaust plume is highly ionized, exhibiting efficiencies
within the 45-55% range, which increase with voltage (Martinez-Sanchez &
Pollard, 1998).

Effective control of Hall thrusters entails managing low flow rates, typi-
cally a few milligrams per second, achieved by either thermally adjusting gas
viscosity or employing precision electromechanical valves. Variables such as
thrust, specific impulse, and power can be regulated through voltage, with
additional control possible through manipulation of the magnetic field. The
power-processing unit for Hall thrusters is intricate and weighty, designed
to accommodate plasma fluctuations and coordinate magnet current and flow
controls. Two competing designs, namely the ceramic-lined stationary plasma
thruster (SPT) type and the ‘thruster with an anode layer’ (TAL) type, are dis-
cussed in the literature (Martinez-Sanchez & Pollard, 1998).

Researchers have conducted analytical studies on oscillation phenomena
in Hall thrusters, observing discharge current oscillations, referred to as ion-
ization oscillations, occurring at frequencies ranging from 10 to 100 kHz. A
one-dimensional discharge model, incorporating conservation equations for
ions and neutrals and considering spatially sinusoidal fluctuations of densities
along the channel, accurately predicted oscillation frequencies consistent with
experimental observations (Tahara & Nishida, 1999).
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1.1. Stationary Plasma Thruster

In the early 1960s, the Kurchatov Institute of Atomic Energy (KIAE)
in Russia, led by Professor Alexey Morozov, designed the initial laborato-
ry models of Stationary Plasma Thrusters (SPTs). By the late 1960s, these
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thrusters, operating with gaseous propellant at power levels in the hundreds of
Watts, demonstrated a thrust efficiency ranging from 0.2 to 0.35 and specific
impulses varying from 1000 to 2000 seconds. The quasi-electrostatic ion ac-
celeration in SPTs enabled higher ion current density without being restricted
by space charge limitations. Initial tests involved the correction of the orbit of
the “Meteor” satellite, highlighting the practicality and compatibility of SPTs
with satellite subsystems (Kim & Popov, 2001).

In the SPT configuration, a DC electric field is established along the axis
of the thruster, with the anode positioned at the non-exhaust end and the cath-
ode either externally or at the exhaust end of the ionization chamber. Electrons
emitted from the cathode are attracted into the chamber by the electric field,
and their circulation lifetimes are prolonged through E x B drift, assisting in
the ionization process. Subsequently, the electrostatic field accelerates ions
into the exhaust flow. The applied voltage difference, typically around 300 V,
generates an accelerating electric field, while a radial magnetic field confines
electron flow, concentrating the voltage difference for efficient ion accelera-
tion. Notably, Russian-built Fakel SPTs have accumulated over 10,000 hours
of space operation (Jordan 2000) (Stephenson 1995).
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1.2. Thruster with Anode Layer

Hall thrusters featuring an anode layer, also known as “thrusters with an-
ode layer” or “thrusters with external layer” differ in configuration from Sta-
tionary Plasma Thrusters (SPTs). In this design, anodes are positioned down-
stream, and the ion production region is situated more externally compared to
SPT units. Hall thrusters of the TAL type typically have smaller dimensions
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and lower erosion rates. Significantly, TAL thrusters generally exhibit twice
the thrust-to-power ratio of ion-bombardment electrostatic systems, requiring
electric field potentials of only 300-400 V.

Over several decades, the USSR extensively employed both SPTs and
TALs, incorporating them into Meteor weather satellites, military surveillance
platforms, and Express telecommunication satellites. Even following the end
of the Cold War, Russian Hall thrusters found applications in U.S. military
research initiatives, such as STEX, launched in October 1998. Through a suc-
cessful marketing campaign, conducted in collaboration with U.S. companies,
the reach and utilization of these advanced propulsion systems have been fur-
ther expanded (Jordan 2000).

Xenon Supply
—

?] Cathode

=1

/’
Anode lons
I—T‘-\-‘-“
——————
Xenon Supply
— ]
 —
l—MetaI Wall

=1

Coil

2. Pulsed Plasma Thruster

Pulsed Plasma Thrusters (PPTs) stand out in the realm of electric propul-
sion due to their unique operation in short pulses, typically around 10 mil-
liseconds, and their utilization of solid propellants such as Teflon. The pro-
pulsion process involves charging a capacitor, applying 1-2 kilovolts across
the Teflon surface, initiating a discharge through a spark plug, and ionizing,
evaporating, and predominantly ionizing a small quantity of material. The in-
stantaneous current, reaching tens of kiloamperes, generates a magnetic field
that accelerates the gas slug to speeds nearing the ‘critical Alfven velocity,’
resulting in specific impulses of 1000—1500 seconds or higher at very high
power (Martinez-Sanchez & Pollard, 1998).

PPTs excel in tasks requiring precision orbital or attitude control and have
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been utilized on satellites like LES-6 and the U.S. Navy’s NOVA constellation
since the late 1960s. However, challenges include modest efficiency (8—13%)
and significant mass. Ongoing research aims to enhance efficiency through
pulse tailoring, nozzle recovery, and increased instantaneous power. Despite
these challenges, PPTs continue to be a favourable choice for light propulsion
applications that demand reliability and precise control (Martinez-Sanchez &
Pollard, 1998).

The Tokyo Metropolitan Institute of Technology (TMIT) collaborates
with NASDA in PPT research, focusing on evaluating the feasibility of atti-
tude control, de-orbit manoeuvres, and formation flight for small satellites like
p-LabSat II. The advantages of PPTs for small satellites, stemming from their
compact size and reduced weight, make them an attractive option, and ongo-
ing research strives to improve their performance, reliability, and feasibility
(Tahara 2003).

Comprehending the intricacies of PPTs involves delving into electro-
magnetic and electrothermal processes. The ignition of the discharge, often
initiated by a spark plug, plays a pivotal role. Numerical simulations con-
tribute to modeling PPT behavior, offering insights into factors influencing
thrust variations from one shot to another. The 35-year development history
covers fundamental physics, diverse PPT types, performance evaluations in
both flight and laboratory settings, theoretical advancements, and modeling
breakthroughs (Burton & Turchi, 1998) (Pottinger & Scharlemann, 2007).

The propulsion mechanism of a PPT involves a propellant bar positioned
between two electrodes connected to a capacitor bank. An ignition spark trig-
gers an electric discharge along the propellant surface, leading to heat-induced
ablation and ionization of the propellant. The ionized propellant is then ac-
celerated by electromagnetic fields, akin to Magnetoplasmadynamic (MPD)
thrusters. A simple spring facilitates the axial advancement of the bar, en-
abling propellant replenishment (Mickelsen 1967).
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3. Magnetic Plasma Dynamic Thrusters

Magnetoplasmadynamic (MPD) Thrusters typically achieve higher pow-
er densities in plasmas through magnetic interactions rather than electrostat-
ic interactions. The self-field MPD thruster generates an azimuthal magnetic
field and corresponding magnetic pressure by directing a robust radial current
between concentric electrodes. The thrust produced is directly proportional to
the magnetic pressure, and the back electromotive force (EMF) scales as I*™.

MPD thrusters utilizing noble gases have demonstrated efficiencies of up
to 35%. Even when operating at megawatt power levels, greater efficiencies
are observed when employing hydrogen at higher specific impulses. Challeng-
es for MPD thrusters persist, particularly in terms of high-power requirements
and addressing the development of a robust plasma pinching force (Martin-
ez-Sanchez & Pollard, 1998).
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3.1. Self-field MPD Thruster

Various self-field Magnetoplasmadynamic (MPD) thrusters, operating
within the high-power range of 100 kW to 1 MW, have been subject to scru-
tiny in recent decades, all functioning in steady-state mode. Different geome-
tries have been explored in various studies, a few of which are outlined below.

The ZT-thrusters, characterized by a cylindrical design, underwent in-
vestigation at power levels reaching 350 kW and currents up to 15 kA. These
thrusters encountered limitations not intrinsic to the thruster itself but rather
due to inadequate cooling of the vacuum chamber. Extensive plasma diagnos-
tics, involving emission spectroscopy and electrostatic probes, along with an
analysis of temperature distribution on the cathode surface, were conducted
and compared with numerical computations (Schmidt 2005).
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Researches (Herdrich et al., 2009) explored the performance of noz-
zle-type Magnetoplasmadynamic (MPD) thrusters employing argon as a pro-
pellant. These thrusters demonstrated thrust values reaching up to 25 N with
a thrust efficiency of approximately 10%. Featuring a coaxial geometry, the
cathode positioned upstream on the center axis and the anode downstream
formed the nozzle, incorporating neutral segments in the nozzle throat for
a gradual reduction in potential difference. Hybrid approaches, such as DT
and HAT/CAT geometries, blending thermal expansion and magnetic accel-
eration, achieved thrust values of 27 N at power levels up to 550 kW, current
levels up to 8000 A, and thrust efficiencies up to 27%. However, challenges
included constrained current levels due to voltage oscillations and the onset
of arc phenomena at the anode. The study integrates experimental work with
numerical codes for theoretical calculations, providing a comprehensive un-
derstanding of MPD thruster dynamics.

This extensive research, coupled with optical diagnostics and theoretical
investigations into the onset of instabilities, suggests that these phenomena
may be attributed to charged particle depletion in the anode boundary layer.
The HAT thruster, specifically designed to investigate the influence of the hot
anode surface on instabilities, is detailed in a particular study (Herdrich et al.,
2009).

3.2. Applied-field MPD Thruster

The applied field MPD thruster, also known as a “Lorentz Force Accel-
erator,” features an axisymmetric chamber with a cathode running along its
length, carrying a substantial current. The ionization of inflowing neutral gas
occurs due to the potential difference, and the plasma experiences acceler-
ation through both Joule heating and electrodynamic forces. The dominant
acceleration mechanism is provided by the Lorentz force, generated by the
interaction of the current-carrying plasma with a magnetic field. There are
two methods of magnetic field production: self-field and applied field. The
applied field approach incorporates an external solenoidal magnetic field to
enhance acceleration and plasma confinement. MPD thrusters can operate in
quasi-steady state or pulsed modes, with efficiency being dependent on power
input. Steady-state units have not yet been flown due to higher power require-
ments. The Japanese ISAS satellite SFU tested the general operation of quasi-
steady-state MPD thrusters (Jordan 2000).
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In the power range of 5-100 kW, Stationary Applied Field Magnetoplas-
madynamic (AF-MPD) thrusters are undergoing experimental investigations
aimed at determining their operational and performance parameters, along
with the characterization of their plume. The primary objective is to assess the
laboratory thruster’s quality and validate the numerical simulation program
SAMSA. Thruster characterization involves varying the applied magnetic field
strength up to 0.5 T on the axis of symmetry and axial variation of the mag-
netic coil. The spatial distribution of the magnetic flux density is measured
using a Hall probe, showing good agreement between measured magnetic field
and numerical results. The influence of mass flow rate, as well as arc current
and voltage, is also under investigation. Thrust measurement is facilitated by
assembling the laboratory thruster on a thrust balance, and plume character-
ization involves electrostatic probe measurements. The modular assembly of
the thruster allows for changes in electrode geometry and magnetic field con-
figuration based on numerical or experimental results. The radiation-cooled
design not only simplifies the thruster’s structure but also facilitates further de-
velopment toward a flight model, and the IRS laboratory thruster has demon-
strated successful engagement (Herdrich et al., 2009).

Regarding the effects of applied field strength and shape on performance,
various investigations have been conducted. Generally, efficiency, specific im-
pulse, and voltage show linear increases with applied field strength for B >> 1.
Operation without an applied field at powers less than 100 kW tends to result
in a diffuse beam, while the addition of an applied field produces characteristic
cathode and anode jets extending downstream of the anode. Myers observed
that, as the applied magnetic field strength increased (100 kW, cylindrical an-
ode, B=1 to 9), a larger fraction of the input power was deposited in the
plasma, making it available for conversion to thrust power (Kodys & Choueiri,
2005).
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4. Inductive Pulsed Plasma

There is not very much information about this type of thruster. One study
is given below.

In a pulsed inductive thruster, a cluster of high-voltage capacitors, ap-
proximately 10 kV, discharges into a flat induction coil strip encircling a cylin-
drical chamber. Just prior to the discharge, a rapid valving system introduces
neutral propellant into the chamber. Before the propellant has a chance to dis-
perse through diffusion, the discharge pulse generates a robust magnetic field
within the chamber. This magnetic field both ionizes and propels the plasma
away from the coil. As the chamber is sealed at one end, the propellant plasma
is contained and expelled from the exhaust end of the chamber (Jordan 2000).
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5. Variable specific-impulse plasma

The variable specific impulse plasma thruster operates with an elec-
trodeless cylindrical chamber, performing ionization, plasma heating, and
conversion to directed exhaust. In the forward section of the chamber, hy-
drogen is introduced and undergoes ionization. The resulting ions disperse
into the mid-section, where additional heating occurs through electron and ion
cyclotron heating, as well as whistler wave heating. Progressing downstream,
the plasma enters the nozzle section, where the shape, field strength, and con-
figuration transform the thermal energy of the plasma into kinetic energy for
propulsion.

To mitigate elevated temperatures of the chamber walls, neutral hydro-
gen is injected radially near the nozzle. This injection serves the dual pur-
pose of cooling the walls and disrupting the connection between the plasma
and the enclosed magnetic field, particularly at low specific impulse values
where plasma densities are high. Alternatively, at higher specific impulses, a
high-frequency AC ripple field is employed to disrupt the magnetic field-plas-
ma connection. Currently, the variable specific impulse plasma thruster is un-
dergoing laboratory testing and development phases. The Johnson Space Cen-
ter is actively exploring a version suitable for manned space missions, known
as VASIMR (Jordan 2000).



44 - Hakan BUCAK

6. Radio-Frequency Ion Thrusters

Radiofrequency ion thrusters operate by ionizing a propellant gas within
an insulated discharge chamber using radio frequency (RF) radiation. Subse-
quently, ions are extracted through an accelerator grid, mirroring the mech-
anism found in gridded electrostatic propulsion systems. Like other charged
plasma ejection systems, an external neutralizer cathode is used to maintain
current balance in the exhaust. Demonstrations involving the RIT-10, an RF
thruster developed through collaboration between the University of Giessen
and Daimler-Benz Aerospace, have shown thrust levels in the range of tens
of milliNewtons. This thruster was utilized on the EURECA test satellite in
1993, and larger variants featuring 15-cm and 35-cm grids have also been

developed.

Within the realm of RF thrusters, as an alternative to the electron-bom-
bardment approach, the propellant gas is ionized through MHz frequency
excitation facilitated by free electrons. This concept, credited to Prof. Loeb
of Giessen University in Germany, involves an extractor grid (+1.5 kV) re-
directing ions into the discharge chamber. The accelerator grid (-1.5 kV) and
deaccelerator grid (around ground potential) are designed in a manner similar
to electron bombardment thrusters. Despite design advantages, such as the
absence of a hollow cathode in the main discharge chamber, the efficiency
of the RF thruster is slightly lower than that of Kaufman engines using the
RF plasma process. Astrium in Germany markets the RIT-XX thruster series
(RF Ion Thruster), with the RIT-10, generating 10 milliNewtons of thrust,
being flight-qualified on the EURECA mission in 1993. The RIT thruster is
also employed on the ARTEMIS satellite in conjunction with the UK thruster

(Tajmar 2003).
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6.1. Helicon plasma Thruster

Helicon Plasma, similar to pulsed plasma thrusters, utilizes Lorentz force
interaction for plasma acceleration. It employs a helicon tube to generate a
traveling electromagnetic wave along the centre of the plasma chamber, main-
taining high magnetic field strengths. Helicons have been proposed for use in
various electromagnetic thrusters and have gained attention in applications
such as the variable specific impulse plasma thruster (Jordan 2000).

A study in literature focuses on measuring thrust in a permanent magnet
helicon double layer thruster through direct experimentation using a pendu-
lum thrust balance and a highly sensitive laser displacement sensor. Operating
at low pressures (0.08 Pa), downstream ion beams were detected, revealing a
maximum thrust force of around 3 millinewtons for argon at an RF input pow-
er of approximately 700 watts. The measured thrust was found to be directly
proportional to the upstream plasma density, aligning closely with theoretical
thrust calculations based on the maximum upstream electron pressure. These
findings offer valuable insights into the performance and alignment of experi-
mental results with theoretical predictions in the context of permanent magnet
helicon double layer thrusters. (Takahashi et al., 2011).

Recent discoveries of current-free double layers (DLs) in RF plasmas and
the formation of ion beams in such systems have renewed interest in plasma
expansion studies, particularly in the context of propulsion. Plasma thrusters,
unlike conventional electrostatic acceleration thrusters, utilize bipolar electric
fields or DLs to achieve supersonic ion speeds. These systems involve an in-
sulating source tube, a magnetic field for plasma confinement and expansion,
and an RF antenna for plasma generation. Importantly, no biased electrodes
are required, reducing erosion of system components. The study of plasma
thrusters has focused on fundamental DL physics, various propellant gases,
helicon wave characterization, and the use of permanent magnets. Experimen-
tal research, including thrust measurements for the permanent magnet helicon
double layer thruster, contributes to the understanding of plasma thruster per-
formance (Takahashi et al., 2011).
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6.2. Electron Cyclotron Resonance Thruster

Electron Cyclotron Resonance (ECR) employs an electrodeless technique
that utilizes a microwave waveguide for gas ionization. In this process, cir-
cularly polarized transverse-electric mode radiation is absorbed by a limit-
ed population of free electrons moving in cyclotronic paths within a plasma
chamber. The plasma chamber is surrounded by an externally generated mag-
netic field from a solenoid. Gas ionization occurs due to collisions between
circulating electrons and neutral gas atoms. These circulating electrons align
their magnetic dipoles opposite to the externally applied magnetic field. As the
solenoid field diverges toward the exhaust port, it accelerates the plasma to
high velocity. A unit, having successfully passed an 18,000-hour life test in its
engineering model, is scheduled for launch post-2002 as part of the Japanese
asteroid sample return mission MUSES-C (Jordan 2000).
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6.3. Inductively Coupled Plasma Thruster

In the realm of inductively coupled plasmas (ICP), the process involves
passing initially ionized argon gas through a quartz torch positioned inside a
copper coil connected to a commercial radio frequency (RF) generator oper-
ating at 27.1 MHz with up to 3 kW forward power. The copper coil generates
high-frequency currents that produce oscillating magnetic fields, resulting in
closed elliptical paths outside the coil. Electrons and ions experiencing the
oscillating electromagnetic field undergo high acceleration rates, causing
electron acceleration during each half cycle. Collisions between accelerated
electrons and ions, along with subsequent ionization of unionized argon gas,
contribute to further ionization (Soltanpour et al., 2018).

Noble gases like argon commonly fuel inductively coupled plasmas, fa-
cilitating efficient vaporization, dissociation, atomization, excitation, and fi-
nal ionization of sample constituents. This high-temperature process induces
complete fragmentation of sample molecules, leaving only detectable atomic
constituents—metals, metalloids, or heteroatoms. These atomic constituents
can serve as surrogates for detecting complex molecules such as proteins,
nucleic acids, or small organic molecules. ICP-mass spectrometry (ICP-MS)
stands out due to its high sensitivity, a wide linear dynamic detection range
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(up to nine orders of magnitude), and specificity for accurate detection and
quantification of various elements, including metals, metalloids, and hetero-
elements (Profrock & Prange, 2012).

ICP-MS, with a plasma temperature exceeding 7000 K, is well-suited
for liquid samples when coupled with techniques like flow-injection analysis,
high-performance liquid chromatography, or capillary electrophoresis. Gas-
eous or solid samples can be analyzed using gas chromatography (GC) or
laser ablation (LA) as sample introduction techniques, respectively. ICP-MS
can provide precise isotope ratio information for elements featuring multiple
stable isotopes, making isotope dilution analysis the preferred method for ac-
curate quantitative results. Despite its versatility, I[CP-MS is often perceived
only as a “metal” detector, and efforts are underway to change this perception
(Profrock & Prange, 2012).

In a pulsed inductive thruster, a bank of high-voltage capacitors (around
10 kV) discharges into a flat induction coil strip surrounding a cylindrical
chamber. Preceding the discharge, a fast valving system injects neutral pro-
pellant into the chamber. The discharge pulse generates a high magnetic field
within the chamber, ionizing and accelerating the plasma away from the coil.
As the chamber is closed on one end, the propellant plasma is confined and
expelled from the exhaust end. However, challenges may arise regarding
shielding transient magnetic and electric fields. Thompson Ramo Wooldridge
Inc. has conducted development work, but no space tests have been executed
(Profrock & Prange, 2012).
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6.4. Surface Wave Plasma Thruster

Researchers are looking into new ways to create large-diameter, high-den-
sity microwave plasmas (bigger than 30 cm) without using an external mag-
netic field and at low pressures (less than 20 mTorr). This technology has
potential uses in the next-gen super-small computer chips and flat panel dis-
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plays. To make this work well, it’s super important to really understand how
the plasma behaves. The study digs into the details of what happens when you
use microwave energy to create waves on a flat plasma surface. They found
specific wave patterns using optical and microwave measurements, and their
analysis explains how these waves work. They also figured out that the plasma
could absorb these waves in a special way, which they call collisionless ab-
sorption. The study introduces tools that use these waves, some of which you
can actually buy. If you are curious about why this matters for making better
high-density plasma sources, the study has all the details (Sugai et al., 1998).

Comparing surface wave plasma (SWP) and inductively coupled plasma
(ICP) reactors, which are high plasma density, unmagnetized sources, reveals
their potential in next-generation etching processes (Kokura et al., 1999).

In comparing the 2.45 GHz SWP and the 13.56 MHz ICP concerning rad-
ical composition in C4F8/Ar discharges and the electron energy distribution
function (EEDF), notable distinctions emerged from a study conducted in an
identical plasma vessel with the same wall temperature. The ICP demonstrated
a higher dissociation degree of C4F8 at an equivalent electron density compared
to the SWP. Conversely, the SWP exhibited significantly higher neutral radical
densities (CF3, CF2) at the same electron density, while the ICP showed an el-
evated F radical density. In terms of ionic composition, the ICP contained more
Ar+ ions and fewer fluorocarbon ions (CmF+n), whereas the SWP featured
large molecular ions (C2F+4, C3F+3, C3F+). In conclusion, the ICP was found
to be more dissociative than the SWP at the same electron density, tentatively
attributed to differences in their EEDFs (Kokura et al., 1999).
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7. Quad Confinement Thruster

The Quad Confinement Thruster (QCT) is an innovative electric propul-
sion device designed to generate thrust and vector it without the need for ad-
ditional pointing mechanisms. First developed in 2010 by researchers at the
Surrey Space Centre, the thruster has undergone various stages of develop-
ment, including the launch of a flight demonstration unit on Surrey Satellite
Technology Ltd’s NovaSAR-1 satellite in 2018 (Rosati Azevedo et al., 2021).
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Despite these advancements, the QCT faces challenges in commercial de-
velopment due to its limited thrust efficiency, demonstrated to be no more than
6%. This efficiency is notably lower compared to Hall Effect thrusters (HET),
which routinely achieve over 40% thrust efficiencies, even at the low power
levels required by small satellite platforms (Rosati Azevedo et al., 2021).

The Quad Confinement Thruster (QCT) utilizes a concept similar to the
Hall effect thruster (HET), employing a magnetic field between an anode and
an external hollow cathode neutralizer. An electric field within the magnetic
barrier accelerates ion beams, and thrust vectoring is achieved by manipulat-
ing the magnetic field’s topology. This magnetic barrier is established by a
quadrupole arrangement of eight electromagnets positioned around the thrust-
er’s periphery. The magnetic structure allows for thrust vector control, akin
to traditional electric thruster gimbal mechanisms, providing a significant ad-
vantage by eliminating the need for a gimbal mechanism. This design has the
potential for mass and complexity savings (Knoll et al., 2015).

Approximately 50% of the QCT’s overall mass (4.4 kg) is attributed to
its electromagnets and supporting structure, generating a relatively weak mag-
netic field (maximum <250 G). The observed beam vectoring is speculated to
be linked to an electrostatic interaction of ions rather than a direct interaction
with the magnetic field. Langmuir probe measurements in the near-field re-
gion indicate a repositionable magnetic null point within the channel, allow-
ing for a sustained electric field component perpendicular to the device’s axis,
contributing to the observed beam vectoring (Knoll et al., 2015).

The Quad Confinement Thruster, conceived in 2009 through collaborative
efforts between the Surrey Space Centre, SSTL, and Airbus Defence and Space,
underwent iterative experiments before transitioning into an industrialization
phase in 2013. This initiative sought to create a standardized, flight-worthy iter-
ation specifically designed for small satellites (Lane & Knoll, 2015).
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8. Cusped Field Thruster

The cusped field thruster (CFT) stands out as an innovative electric pro-
pulsion concept, offering advantages such as an extended lifespan, simple
structure, easy integration, low mass, and high reliability. This thruster type
has captured considerable attention in aerospace research, leading to the de-
sign and experimental testing of several cusped field thrusters by the Harbin
Institute of Technology (HIT) and Beijing Institute of Control Engineering
(BICE). In tandem, particle-in-cell (PIC) simulation models were developed
to uncover the underlying principles.

A study (Yongjie et al., 2018) introduces the Variable Magnet Length Cy-
lindrical Hall Thruster (VML-CFT) as a noteworthy iteration to assess the im-
pact of diverse magnet lengths on thruster performance. The investigation un-
derscores that thrusters featuring an extended middle stage, reduced magnetic
interface angle, and diminished cusp field intensity at the exit exhibit superior
thrust and efficiency. Comprehensive simulations highlight the substantial in-
fluence of magnetic field topology on plasma distribution within the primary
ionization region. The VML-CFT showcases outstanding performance met-
rics, achieving 107.5 millinewtons in thrust, 38% efficiency, and 2232 seconds
in specific impulse, all while operating at a power consumption level of 3037
watts. Notable achievements include effective control of plume divergence to
less than 20° and anode xenon flow reaching 50 standard cubic centimeters
per minute (sccm). This study represents a significant advancement in opti-
mizing cylindrical Hall thrusters for enhanced space propulsion applications.

Experimental work revealed two operating modes for the thrusters: low
current mode and high current mode. Typically operating in the high current
mode when the mass flow rate is high and anode voltage is low, the central
leak path inside the channel played a significant role in forming a potential
drop near the channel exit, hindering the establishment of a strong electric
field. A fluid model was designed based on the study of electron transfer paths
in the channel, outlining two electron transfer paths.

The study (Yongjie et al., 2018) presents experimental findings inves-
tigating the influence of magnetic field strength in the channel under differ-
ent discharge voltage conditions. The results reveal a notable trend, wherein
weaker magnetic fields correspond to higher efficiency and thrust. Addition-
ally, variations in plume shape observed across different anode voltage con-
ditions are attributed to ion adjustments, providing valuable insights into the
intricacies of electric propulsion systems.
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1. INTRODUGETHINh KAPLAN

The point of care (POC) concept refers to medical diagnostic tests
performed where patients receive care (Jung et al., 2015). These tests are
usually performed using simple and easy-to-use devices that provide fast
results. Lab-on-a-Chip (LoC) technologies play an important role in the
implementation of the POC approach. For example, POC devices developed
using LoC technologies can provide faster, more sensitive, cheaper, more
comfortable for the patient, and more efficient diagnosis and treatment
results compared to traditional laboratory tests. This further increases the
advantages of the POC approach.

Figure 1. Figural description of LoC format. Thanks to advances in the
LoC format, the need for classical laboratories at least one room in size with
desktop or larger-sized devices will decrease in the future and living comfort

will increase (Salmon, 2014).

Technological advances in micro- and nanofabrication steps have led to
the development of impressive, miniaturized technologies for personalized
care and health management. These developments have led to the emergence
of various miniaturization technologies reported worldwide, especially in the
fields of health, environmental protection, and food safety, and have enabled
the production of more efficient and miniaturized sensors. The growth of the
biosensor industry has increased the demand for devices that offer rapid
detection, especially in accordance with the POC concept, and can be
applied in environments close to the end user. This increase in demand has
greatly affected the market attractiveness of sensing devices worldwide. In
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this context, LoC devices have started a new era in the practical applications
of miniaturized sensors with their portable size and fast analysis capabilities.
When these sensors are integrated into LoC devices, they can facilitate
testing and provide fast and effective health, environmental and process
monitoring solutions. This integration transforms approaches to diagnosis
and monitoring, both in laboratory environments and in the field, and
enables it to reach a wide range of users. The current shape and future
potential of the biosensor market will play a role in increasing the evolution
of LoC technologies and the demand for these innovative devices from
healthcare and other sectors.
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Figure 2. How might a LoC diagnosis impact a patient's workflow?
Current classic diagnostic workflows include collecting samples,
transporting them, processing them, and delivering the results to the patient.
(Bottom) LOC technologies enable on-chip POC tests with results in minutes
(Carly Tymm et al., 2020).

This book chapter discusses the basic concepts, working mechanisms
and applications of LoC technologies. In particular, a comprehensive review
has been conducted regarding how microfluidic systems can be used
(Whitesides, 2006), various types of sensors and detectors, and examination
of various materials and fabrication methods. Additionally, it focuses on how
these technologies can create change in areas such as health, environmental
analysis and biological research.

1.1. LoC and Historical Development

Another name for LoC devices is Micro-total analytical systems (u-TAS)
(Hanke & Dittrich, 2012). LoC technology aims to perform different
laboratory functions on a single chip and on a much smaller scale. This
technology was developed to speed up, simplify, reduce product and
personnel costs, and use fewer samples and reagents. LoC devices generally
use microfluidic systems to direct liquids in microliter volumes and then
perform biological and chemical analyzes with the measurement systems
inside.

- 57
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Figure 3. What are the differences between traditional techniques and
LoC technology? LoC technology is the name given to miniature devices that
perform multiple laboratory tasks on a single platform. LoC devices suitable
for use in many sectors such as healthcare, agriculture and food can be
developed and used in areas such as precise liquid guidance, intensified
processing, and analytics. Thanks to LoC, it is possible to benefit from the
advantages shown in the picture such as time saving, money saving, less
waste and portability (Adithya Sridhar et al., 2021).

In the late 1980s, silicon-based micromachining techniques began to be
adapted from the electronics industry to biological and chemical sensor
applications (van Lintel et al., 1988). This process led to the development of
the first MEMS (Micro Electromechanical Systems) and subsequently the
first products of the LoC concept. In the 1990s, with the development of
microfluidic systems, the first microliter volume liquid control was achieved,
and LoC technology began to gain momentum. Ten years later, LoC devices
began to be used in biological and chemical tests such as DNA analysis,
protein analysis, cell culture and pathogen detection. In the next stage, with
the process of automating the devices, the need for an experienced operator
was eliminated and multiple operations could be performed on a single
device. Nowadays, with the application of artificial intelligence to LoC
technology, new areas of work have emerged on targets such as the
production of personalized devices and faster diagnosis.

Advances in LoC technology have allowed to produce more efficient
devices and greater testing opportunities. These innovations have
significantly improved people's quality of life because costs have decreased,
the need for professional operators has decreased, and thanks to the POC
concept, people can now perform some health tests more frequently and in
the comfort of their home. In the future, this technology will continue to
further improve people's living comfort by revolutionizing personalized
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medicine and rapid diagnosis. Additionally, these advances in the LoC
concept will continue to provide significant efficiency gains in the food
security, environmental research, and defence sectors.

1.2. Basic Principles and Working Mechanisms

LoC technology is produced and used to perform laboratory functions
on a micro-scale platform, where operators work, and large-sized devices are
used. This technology is used primarily in biological and chemical analysis.
LoC has advantages such as less reagent and sample usage, faster processing
times and portability.
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time
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Easy to use

Figure 4. The desired features of an ideal LoC device are presented
together in the picture. Being disposable can provide an additional
advantage (Aralekallu et al., 2023).

Microfluidics is the most fundamental factor in this type of devices. It
covers the processes of directing small volumes of liquids at the level of
micrometres or nano filters on the chip and testing them in analysis units
produced on the chip. Miniaturization and integration are an important step
in laboratory devices. Various laboratory functions are integrated on a single
microchip. These functions may include liquid transport, mixing, heating,
cooling, performing reactions, separation, and sensing. LoC devices include
one or more of a variety of sensors used to detect chemical or biological
components of liquids, measuring physical parameters such as temperature
or pH. To minimize user intervention, increase the precision of processes,
and minimize contamination, LoCs can be supplemented with electronic
systems to automatically control the flow of liquids and other processes
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(Ahaitouf et al., 2021). The design and LoC operation processes of
microchannels are also being developed to reduce the risk of cross-
contamination.

The behaviour of liquids in microchannels is different from water
flowing in pipes encountered in daily life. Parameters such as surface tension
and viscosity become more influential at the microscale and can easily
change the flow characteristics. When selecting the materials used in the
production of LoC devices (silicon, glass, plastics, etc.), the chemical
compatibility, biocompatibility, mechanical properties, and production costs
of the device should be considered.

The advantages that make LoC devices special are as follows: Thanks to
the use of reagents and samples at very small scales, costs are reduced, the
amount of waste is reduced, and experimental results are obtained faster.

To decrease the both the waste level and the cost, LoC devices enable
the use of reagents and samples on a very small scale. This also increases the
test speed. The ability to automatically perform multiple analytical
operations simultaneously increases the efficiency of LoC devices in a
shorter tie period. Highly skilled LoC designs can produce results without
even needing an expert operator. These principles and advantages enable
LoC technology to be used effectively in a wide range of applications. The
concept has a potential to revolutionize medical diagnostics, biological
research and environmental analysis.

2. BASIC COMPONENTS AND DESIGN

LoC devices basically consist of fluid transducers and sensor parts.
There are also micro channels or environments that allow fluid movement
that connect these two systems.

2.1. Liquid Displacement Systems

Microfluidic movement is generally accomplished for two main goals
which are mixing and manipulating the liquid (Kaplan et al., 2017). The
chart below explains about general types of small volume liquids
manipulations. Microfluidic fluid manipulation are important parts of the
processes, which can be divided into continuous flow microfluidics and
digital microfluidics. Mixing and separation (Chia-Fu Chou & Zenhausern,
2003) are two common fluid handling techniques in continuous flow
microfluidics. Droplet based and liquid bead based digital microfluidic
technologies are used to process individual droplets sepaately (Curtis D.
Chin et al., 2012; Mark et al., 2010).
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Figure 5. There are two main types of microfluidics: digital microfluidics
and continuous-flow microfluidics. Both are used to handle liquids in
biological processes. In continuous-flow microfluidics, two common ways to
handle liquids are mixing and separating. For manipulating single droplets,
droplet-based and liquid-marble-based digital microfluidic technologies are
used (Nguyen et al., 2017).

In LoC systems, fluid manipulation occurs through pumps that move the
fluid in microchannels and valves that direct the fluid. It is possible to group
the fluid translation mechanisms of microfluidic systems by sorting them
according to their similar properties to see their relationships. We can divide
pressure-driven flow methods into two classes. "Pressure Driven Flow",
where micropump like external pressure sources are used to move liquids in
the system (Huo et al., 2020), and "Centrifugal Microfluidics", where a disc
shaped platform is used to create a centrifugal force (Kimura et al., 2018).
Electrical and electromechanical liquid translation methods can be divided
into four main methods: electroosmosis, which moves charged particles with
an electric field, electrokinetic, which controls liquid movement,
electrowetting (Si Kuan Thio & Sung-Yong Park, 2022), which directs
droplets by changing the surface tension, and linear actuator devices that
push or pull liquid with mechanical actuators. Methods utilizing natural
forces and physical principles consist of two main components: the capillary
flow method, which is based on surface tension differences and does not
require extra energy, and the acoustic wave method, which moves liquids on
a microscale with ultrasonic waves (Kaplan et al., 2017a).
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2.2. Sensors and Detectors
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Figure 6. Classification of sensors based on measurement, energy/power,
physical contact, signal conversion, output signal, comparability, sensor
material, specification, and applications (Naresh & Lee, 2021).

The types of sensors used in LoC platforms are generally designed to
detect a variety of biological, chemical and physical properties to make
analytical detections and measurements (Arash Ghoorchian et al., 2022).
These sensors provide precise and rapid analysis, which is one of the core
functions of LoC devices.

Optical sensors are used to measure optical properties such as light
absorption, fluorescence, bioluminescence, and phosphorescence. It is
especially used to find biological molecules and measure their
concentrations. Electrochemical sensors can identify chemical compounds
by measuring current changes between electrodes (Kaplan, 2015). These
sensors are used to examine pH, oxygen levels, metal ions, and some organic
compounds. Thermalsensors are used to monitor biological processes such as
temperature changes, enzymatic reactions, or microbial growth. Piezoelectric
sensors detect mechanical stress or pressure changes. They measure physical
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properties such as flow rate and liquid pressure. Capacitive sensors are used
specifically in cellular analysis to detect changes in the electrical properties
of the dielectric material (Moser et al., 2019). Sensors that use acoustic
waves work using sound waves (specifically cell detection and fluid
analysis). Flow rate, fluid pressure, and in some cases even the mechanical
properties of the cell are measured by mechanical sensors. Biosensors detect
specific biological interactions to identify pathogens, proteins, and other
biological molecules (Sengupta et al., 2021). Chemical sensors are used for a
range of chemical analysis to find specific chemical compounds or groups.
Photonic crystal sensors measure light wavelength changes for very sensitive
biological and chemical detections.
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Figure 7. Biosensor components are shown according to the connection
between each part of the sensors (Ghoshal et al., 2010).

All these sensors enable the use of LoC devices in a wide range of
applications and offer fast, precise, and low-cost analysis in various fields.
Each sensor type can be customized for specific types of analyses and
applications.

2.3. Integration and Miniaturization

Integration and miniaturization techniques in LoC devices constitute the
basic characteristics of these devices. LoC devices are microfluidic systems
that perform laboratory operations on very small scales. There are steps to be
considered in the process from the design to the production of these devices.
First, it must be determined which microflow system will be applied.
Material selection is made by looking at parameters such as biocompatibility
and the type of chemicals to be used.

LoC devices can conduct complicated processes effectively because to
the many functional components (such as sensors, pumps, and valves). To
have a fully functional final product it is critical to pay attention to the
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integration process during both the design and manufacturing phases. LoC
devices may conduct a variety of laboratory activities such as DNA
amplification, protein analysis, and cell culture. Extra structures that can
conduct activities such as heating, cooling, and optical detection must be
microfabricated in the LoC system in order to accomplish numerous
operations on the same chip platform.

The required hardware and software must also be incorporated into the
LoC system in order to export and analyse the data gathered from the
measurements taken by the LoC (Kovarik et al., 2012). While these devices
are generally produced by microfabrication methods such as photo
lithography, stamping or injection, nanofabrication methods are also used
depending on the situation. Proper application of all these systems and
techniques increases the ease of use, efficiency, sensitivity, and versatility of
LoC devices.

3. PRODUCTION TECHNIQUES AND MATERIALS OPTIONS

The production techniques used in LoC technology are named micro and
nano, according to the minimum sizes that can be produced. Details and
important features of these techniques are explained below.

3.1. Microfabrication Methods

Microfabrication involves a set of processes used to produce LoC and all
other miniaturized devices. Microfabrication methods are generally applied
in three different ways, but in recent years, a fourth method, 3D printer
option, has been added to these. 3D printing is becoming an increasingly
preferred method in prototyping processes of microfluidic devices.
Increasing resolutions make it possible to print features at the level of
hundreds of microns, and with the new filament types developed (such as
COC filaments), results close to the currently used methods can be obtained.
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3.1.1. Photolithography
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Figure 8. The image shows two photolithographic microfabrication
processes. In the standard process (Left), when the Lift off process is applied
(Right). The lift-off method is preferred when it is necessary to create more
precise patterns(Atkinson et al., 2023).

Photoresists used in the photolithography process are light-sensitive
materials and are very important for creating precise patterns in
microfabrication processes. Since these polymer layers undergo chemical
change under a certain light spectrum, their determined parts are made more
rapidly soluble with the help of a mask and light (Qin et al., 2010). The
transfer of micro-scale patterns to surfaces is achieved with the help of this
logic.

The figure shows two photolithographic microfabrication processes. In
the standard process (Left), metal is first deposited onto a silicon substrate,
then coated with a lithographically engineered material (photo resist). The
exposed metal is etched away to reveal the metal pattern and any remaining
resist is removed. When the Lift-off process is applied (Right), first the
resistor design and metal deposition occur, and then the resistor is removed
by taking the metal on top of it. This leaves a clean pattern that does not
need to be engraved. This process is very useful for creating precise patterns
where etching may compromise precision (Lin Lin & Chen-Kuei Chung,
2021).
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3.1.2.8oft Lithography
liquid siloxane curing PDMS stamp release
on silicon master 80 °C, 1h

Figure 9. The process of creating a PDMS stamp consists of pouring
siloxane oligomer liquid onto a patterned silicon wafer, thermally curing it,
and then releasing it from the mould to obtain a flexible copy (M. Wisser et

al., 2015).

Soft lithography, a technique pioneered in the early 90s, is a vital
microfabrication method for creating micro- and nanoscale patterns,
especially in the fields of biotechnology, nanotechnology, and
microelectronics (Dkhar et al., 2023). Using elastomeric stamps, often made
from materials such as PDMS, it copies patterns onto a variety of substrates,
bypassing the complexity and high costs of traditional photolithography. It is
widely used in the efficient fabrication of microfluidic devices, biosensors,
and metal nanostructures in fields such as opto-electronics and plasmonics,
favouring environmentally friendly bottom-up methods over top-down
etching, especially where uniformity and precise alignment are less critical.

In the soft lithography process, a master mould with the desired pattern
is created; an elastomeric material (usually PDMS) is poured onto it. It is
hardened to form a solid yet flexible replica; this is then separated from the
mould. The structures produced by this method are used as micro-channels
or to transfer any material to another target surface.

3.1.3.Injection Moulding

Injection moulding is an optimal method for mass producing LoC
devices owing to its cost-effectiveness and excellent efficiency. Initially, a
mould is fabricated to correspond with the dimensions and characteristics of
the LoC device under consideration.
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Figure 10. The steps applied in production with injection moulding are
as follows. Mold design and production, polymer melting, injecting, cooling
solidification and product removal. Thanks to the Sonotrode, which provides

vibration during injection, all mould details are filled with molten polymer
(Giilgiir et al., 2018).

The cavities and chambers of the apparatus are precisely defined at the
microscale within these metal moulds. The mould is inflated with high-
pressure molten thermoplastic polymers that are suitable for the intended
application of the LoC device. The molten polymer completely fills the
mould components due to the application of pressure. Upon cooling and
solidifying in the mould, every aspect of the LoC gadget becomes apparent.
The finished product is extracted from the mould for a further processing or
assembling on a specific location. Overall, this technique is well-suited for
large-scale manufacturing of devices with detailed microfluidic structures
with minimal mistake.

3.1.4.3D Fabrication

3D printer technology is increasing its popularity today and has even
begun to be used at home. Different 3D fabrication technologies are
available on the market, including stereolithography (SLA), digital
micromirror device-based projection printing (DMD-PP), two-photon
polymerization (2PP), fused filament fabrication (FFF), inkjet, and
bioprinting (Dkhar et al., 2023). These technologies are especially suitable
for LoC designs that have complex geometry and whose manufacturing
process takes a lot of time with classical methods. Thanks to the use of
various hydrophobic materials in printers, low-cost personalized LoC
devices can be prototyped quickly and in a single step (Karayannis et al.,
2019).
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Figure 11. Schematic drawing of a 3D printer mechanism and its
working logic. It fabricates structures with Fused Filament Fabrication
(FFF) technique which has potential to be used for rapid LoC device
prototyping (Vaes & Van Puyvelde, 2021).

Necessity of controlling optical characteristics and surface roughness is
a drawback of 3D printing. It is crucial to control during the print in order
not to have a failed product before wasting more time.

Health and safety issues, particularly ultrafine particle, and Volatile
Organic Compound (VOC) emissions, are also important factors to consider.
Researchers emphasize the importance of security and risk management in
the early stages of device design and development for the safe production of
LoC devices.
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3.2. Nanofabrication (Electron Beam Lithography)
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Figure 12. Major EBL steps (Bauman, 2015).

The Electron beam lithography (EBL) process has very similar
application stages to photolithography method. However, since the
wavelength of the electron beam is smaller than the UV beam, it can be
reduced to nano sizes instead of micro. In other words, it allows creating
higher resolution, smaller sized structures. EBL offers the advantage of
creating custom patterns with exceptional precision by reaching sizes below
10 nanometres (Bauman, 2015).

EBL systems use electrostatic or magnetic lenses to concentrate the
electron beam. The concentrated electron flow is passed over a special layer
of electron-sensitive material called photoresist, creating detailed designs
with high accuracy on this surface. The electron beam changes the resolution
of the resist so that, after applying solvent liquid in the resist development
process, specific regions are removed from the surface in accordance with
the targeted pattern. Commercial EBL systems are expensive investments.
However, for research purposes it is possible to convert the electron
microscope to an EBL system at a lower cost.
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3.3. Production Materials

Polydimethylsiloxane (PDMS) is widely used in microfluidic
prototyping due to its ability to rapidly form fine surface features using cold
casting. It has mechanical properties that make it unsuitable for commercial
use and adsorbs small hydrophobic molecules (Lin Lin & Chen-Kuei Chung,
2021). In LoC production, glass appears as an alternative material in drums
where optical transmittance, high strength, thermal and chemical stability are
required (Howie, 2022). Newly developed thermoplastic soft elastomers are
emerging as an alternative to PDMS. A variety of technical thermoplastic
polymers can be used for LoC applications, such as PMMA, PS, PC and
COC. They are chemically resistant, optically clear, and compatible with
numerous manufacturing and connection methods, making them suitable.
During the production processes, appropriate materials are selected by
considering the thermal, mechanical, chemical, optical and biological
requirements of the LoC device planned to be produced. Below are the

advantages and disadvantages of these materials (Howie, 2022).
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Table 1. Properties of engineering polymers commonly used in LoC
devices (Howie, 2022).

In cases where chemical compatibility is required, glass and silicone can
be preferred as alternatives to polymers; these materials can be processed
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and patterned with wet or dry lithography techniques but are generally more
costly than polymers.

Hydrogels are water-based hydrophilic polymer networks that resemble
an extracellular matrix and are used as cell supports, but they offer less
detailed microfabrication than other polymers due to their low density and
strength.

While the paper used in microfluidic paper-based analytical devices
offers an economical option as well as being flexible, cellulose-based, and
biocompatible, it is a substrate suitable only for certain applications due to
its weak mechanical properties and limited technological possibilities.

In Lab-on-Chip (LoC) devices, conductive materials are critical for
signal transmission and sensor applications. In this field, obtaining surface
modulation by methods such as compression and sintering of copper
powders or electroless coating can offer innovative approaches in the
development of electrode materials (Ekmekci et al., 2017; Ekmekci &
Biilbiil, 2015). Such methods have the potential to improve the performance
and efficiency of LoC devices and can contribute to making the devices
more effective and responsive.

As a result, it is stated that although glass and silicone are important
materials, polymers have become the material of choice in this field, as well
as research in microfluidic technology focusing on biological and medical
applications. While PDMS continues to be widely used, R&D studies on
new materials and composites with unusual properties continue.

3.4. LoC Challenges and Quality Control

The fabrication of LoC devices is fraught with unique challenges arising
from the complexity of micro- and nanoscale manufacturing processes and
the challenges of integrating different technologies. Manufacturing errors or
a microscale dust particle that cannot be seen with the naked eye can cause
devices to become unfunctional. In addition, high prototype production costs
and durability and reliability problems of the devices are also important
sources of concern.

Additionally, there are challenges in the prototype development process,
such as lowering detection limits, increasing sensitivity and specificity,
combining electronic and biological systems, and integrating functions such
as sensing and liquid manipulation. As shown in the graph below, the low
portability of some high-precision measurement methods is another factor
that limits the effectiveness of these devices in field applications. This may
impact the uses of LoC technologies, especially when combined with efforts
to reduce the size of laboratory instruments and sample volumes. These
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problems negatively affect the development and dissemination of LoC
technologies.
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Figure 13. Technology Summary. Summary of nano-scale biosensing
methods reviewed with comparison of throughout capability, sensitivity, and
portability trends broadly estimated from literature on the axes (Carly Tymm
etal., 2020).

LoC devices should be aimed to be produced as user-friendly concepts,
but this alone will not be sufficient. To be able to fully trust the device
results, users must be ensured to learn the correct use of the devices, the
interpretation of the results and how to solve common problems.

Schematic drawings representing fabrication processes are helpful for
visually understanding the complexity and detailed nature of these processes.
However, each of these processes is highly technical and prone to problems.
For example, even if you make the same production on a different device or
in a different laboratory, you may need to update the parameters in your
production recipe again. For this reason, patience, attention, and practical
experience are required during the design and production to obtain accurate
and quality production results.

The quality control processes of LoC devices ensure that the products
are of high quality and meet all standards at every stage of production.
Checking the quality of raw materials is the first step in this process. The
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quality of intermediate products is constantly tested during the production
process, so that possible errors can be quickly found and corrected.
Functional tests ensure that the device performs as expected. These tests
measure the reliability and performance of the device. It goes through a
series of tests and inspections to ensure that the product meets all quality and
performance standards. LoC devices can be certified, and conformance
tested to ensure they comply with certain standards and rules. This rigorous
procedure ensures that the device meets the highest quality and performance
standards before reaching the customer.

Interdisciplinary collaboration, advanced sensor technologies, creative
device design and high-precision manufacturing techniques are required to
overcome the challenges. The development and implementation of LoC
technology will be possible by integrating various technological fields and
applying micro/nanoscale engineering approaches (Georgios Manessis et al.,
2022).

4. CONCLUSION

LoC technologies have the potential to improve human comfort,
highlight the importance of early diagnosis, and provide affordable
healthcare solutions. Sensitive sensors can detect diseases in the early stages
even with minimal sample quantities, thus significantly increasing the
chances of treating serious diseases, especially cancer. With LoC, there may
be an opportunity to increase access to health services and reduce health
inequalities by making advanced health technologies available to wider
audiences at affordable prices. All these technologies can improve the
overall quality of human life by simplifying health monitoring and
diagnostic processes.

Apart from healthcare and biotechnology, LoC technologies can also
offer innovative solutions in sectors such as automotive and defence. In the
automotive industry, protecting passenger health by monitoring in-vehicle air
quality; In the field of defence, it can make contributions such as increasing
security measures by quickly detecting biological and chemical threats. In
addition, it can undertake important functions in the food industry such as
performing contamination tests, constantly controlling the cold chain,
ensuring food safety, and detecting environmental risks early by constantly
monitoring water and air quality within the scope of environmental
monitoring.

If LoC devices are supported by artificial intelligence and internet of
things concepts, much more innovative results will emerge. Secondly,
memristors are a new circuit element that is still being developed and can
store information without requiring energy (Gul & Efeoglu, 2017). Thanks to
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the energy efficiency feature of these components, it can be very
advantageous to produce Lab-on-Chip (LoC) devices that are more efficient
and consume less energy. Interdisciplinary collaboration and innovative
design approaches are vital for the development of LoC technologies.
However, policymakers can increase both scientific and societal benefits by
making regulations and investments that will encourage the advancement of
this technology. The development and dissemination of LoC technologies
has the potential to create social and economic benefits by improving early
diagnosis and disease management in healthcare, while providing innovative
solutions in a wide range of areas, from automotive to defence. These
technologies are critical for a healthier, safer, and more sustainable society.

As a result, LoC technologies can reach large audiences and make
significant contributions to areas such as health, security, and environmental
sustainability. Understanding the potential of these technologies and using
them effectively will be possible with public awareness and the support of
policy makers. Therefore, scientific fairs and events for the public can
contribute to the development of these and similar critically important
technologies and increase their social benefits.
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Introduction

An essential natural tendency is suddenly reversed when iron is taken out
of its ore. In most conditions, steel as well as iron will rust if left unprotected
and eventually revert to their original state.

One of the most important aspects of using steel economically is prevent-
ing corrosion. The application of the proper protective coating can postpone
the need for structural and equipment replacement, reduce or eliminate main-
tenance costs and interrupted service time, and result in significant economies
of scale in the long run.

With much more advantages over painted or another coating technology,
galvanizing is the finest option for preventing corrosion. In actuality, there is
no comparison in terms of handling, robustness, coating thickness, applica-
tion, and protection.

Galvanizing is a highly effective corrosion solution with a long, free of
maintenance lifespan, which is why engineers and architects require it. Sim-
ply put, galvanized steel is regular steel that has been heavily zinc-coated. Not
only does this barrier prevent corrosion, but it also effectively shields the steel
from welding damage.

There are several reasons why you might wonder if it’s possible to weld
galvanized steel. The question is not whether you can do it or not. Large parts
may require welding before galvanizing. Galvanized steel may be welded by
us. On the other hand, welding may be more challenging with zinc-coated
steel then it would ordinarily be with uncoated steel. Additionally, if any por-
tions are left exposed or broken during welding, it may make the components
susceptible. When welding galvanized steel, hazardous substances may be
emitted during the heating process.

Although galvanized steel is still one of the most widely used construct-
ing and manufacturing materials today, sustainable galvanized steel products
are being made with ever-evolving technologies.

Galvanized Steel

Galvanised steel is a popular choice in industrial, agricultural, and con-
struction projects. The main purpose of galvanisation is to protect the steel
from corrosion, and this is achieved by applying a thin layer of zinc, either
through a process of ‘hot dip’ galvanising, electro-galvanising, or metal spray-
ing.

TFM - or Time to First Maintenance - is calculated according to the ap-
pearance of rust on five percent of the galvanised steel sheet surface. What this
means is that five percent of the zinc coating has now eroded, exposing the
steel to corrosion. It is at this stage that maintenance needs to be implemented
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to protect the integrity of the steel and prolong its durability. TFM varies ac-
cording to the atmospheric conditions of the structure. For example, in a dry,
rural area with little rainfall and pollution, a TFM could be over 100 years,
while in a more humid tropical environment, that TFM might reduce to about
70 years. By hot-dip galvanising a thin 6mm steel sheet, you are creating a
zinc coating of 85 microns, which more than meets the corrosion performance
required for many applications across the world.

Figure 1. Industrial Applications of Galvanized Steel for Pipelines (freepik.com,
2023).

Galvanized steel which has smooth finish, rust-free, and lowered mainte-
nance costs a sheet of galvanised steel is smooth to the touch, making it easy
to inspect. Being tough and durable, it is resistant to scratches and everyday
damage. Any damage tends to occur through mishandling and untreated long-
term wear and tear. Due to its smooth surface, should the galvanised steel sheet
incur any damage, the integrity of the protection is compromised, making it
prone to rusting. Fortunately, this makes it easily noticeable on regular inspec-
tion and therefore can be treated quickly and effectively. When it is damaged,
it is the zinc that is in the first line of fire. That means that the steel underneath
is protected and will only be affected if the blemish is left untreated. Protec-
tion from contamination the galvanisation process acts as a protective buffer
against oxygen and moisture, resulting in a smooth, rust-free layer. As a result,
the steel sheets are perfect for use in projects which require a clean, clinical
environment, such as operating rooms and food preparation areas.
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However, for long-term structural projects, the additional costs will more
than pay for themselves in terms of longevity and reduction in maintenance
over the years. Cheaper is never normally better.

White Rust for Galvanized Steel

The galvanisation process ensures that the steel sheet remains resistant to
rust. However, you need to be aware of the presence of white rust, which can
develop over time if the steel is exposed to moisture and not maintained.

White rust is a white chalky substance that can form on the surface of zinc
due to moisture. It can cause significant damage to the galvanised coating and
can ultimately compromise the durability of the zinc coating.

Otherwise known as zinc hydroxide, this white rust must be treated im-
mediately to prevent it from spreading and reversing the effect of the galvani-
sation process as a whole. But prevention is better than cure, so ensure the
following steps are taken to minimise the risk of white rust in the first place.
Make sure the galvanised steel sheets are packed in a dry, moisture-free en-
vironment. Ensure that there is good air circulation between sheets. Store the
sheets at a slight angle to ensure that any water or moisture can be drained
away and not sit stagnant on the surface of the steel sheets. Make sure the
surface of the zinc coating is treated with a barrier or water repellent coating
to minimise any contact between water and the galvanised surface of the steel
sheet. If your galvanised steel sheet has developed a white rust coating, then it
can be treated. The treatment depends on the severity of the damage to date. If
there is a light powdery residue, then it can usually be brushed off with no re-
sidual treatment required. However, the more established and severe the zinc
oxidisation process, the more remedial treatment is required to ensure it does
not compromise the long-term integrity of the galvanised coating.
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Figure 2. Example of White Rust on Galvanized Steel in industry (metaldecking.com,
2023).

One of the commonly encountered problems with galvanized steel build-
ing products is the presence of wet storage stain — also known as white rust.
This condition causes a significant, powdery deposit on the galvanized ma-
terial’s surface which can result in damage to the coating and is detrimental
to the product’s appearance. Galvanizing is a metallic layer of zinc which is
specified in the weight of zinc per square foot. Zinc is durable and provides
an excellent anti-corrosion performance for steel (rapidmetals.co.uk, 2023).
The stable form of zinc oxide that provides galvanized coatings with their
longer corrosion protection cannot develop without unrestricted ventilation
and carbon dioxide. Simply put, white rust is the chemical combination zinc
hydroxide that occurs when zinc comes into contact with moisture. Because
the substance is not freely exposed to air that contains carbon dioxide, it does
not transform into the zinc carbonate passive coating.
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Figure 3. SEM photos of Q235 steel and undamaged-damaged galvanized steel (Yusong
L., etal, 2023).

Zinc hydroxide (white rust) will continue to form as long as the surfaces
are wet and starved of carbon dioxide. Once the wet material has been sepa-
rated and allowed to dry the staining will remain, however, no further staining
will occur.

Advantages of Galvanized Steel

Steel that has been coated with a coating of zinc to stop rust and corrosion
is known as galvanized steel. This process makes steel significantly more du-
rable and versatile, offering a variety of advantages over uncoated steel.

Durability, the zinc coating acts as a physical barrier between the steel
and the elements, protecting it from rust, corrosion, and wear and tear. This
can significantly extend the lifespan of steel structures and components, of-
ten lasting for decades with minimal maintenance. Low maintenance, unlike
uncoated steel, which requires regular painting or other protective measures
to prevent rust, galvanized steel is virtually maintenance-free. This can save



International Research and Reviews in Engineering II - December 2023 - 87

time and money in the long run, making it a cost-effective choice for many
applications. Versatility, galvanized steel can be used in a wide variety of ap-
plications, both indoors and outdoors. It is commonly used in construction,
infrastructure, agriculture, automotive, and other industries.

Conductivity: Galvanized steel is a good conductor of electricity, mak-
ing it suitable for use in electrical applications. Aesthetics: Galvanized steel
has a distinctive silver-gray appearance that can be left as-is or painted for a
more customized look. Sustainability, galvanized steel is a recyclable materi-
al, making it an environmentally friendly choice. Fire resistance: Galvanized
steel is fire-resistant, making it a safe choice for use in buildings and other
structures.

Galvanized steel is simple to work with, easy to install, and can be shaped
into a variety of forms and sizes by cutting and welding. Overall, galvanized
steel is a versatile and durable material that offers a wide range of advantages
over uncoated steel. It is a cost-effective choice for many applications and can
help to extend the lifespan of steel structures and components.

Galvanized Steel in Welding Techniques

Closer control of welding conditions than for uncoated steel is usually
necessary but procedures are simple and well established. This section details
procedures for all suitable welding techniques for galvanized steel including
GMA (gas metal arc), carbon arc, GTA (gas tungsten arc), manual arc, and
oxyacetylene welding.

GMA (gas metal arc) welding, also known as CO, or MIG welding, is
a versatile semi-automatic welding process which is convenient and easy to
use. It is particularly suited to the welding of thinner materials. Welding gal-
vanized steel vaporizes the zinc near the arc (zinc boils before steel melts).
The zinc oxidises in the air to a fine white powder. In the GMA welding of
galvanized steel, the presence of the zinc coating has no effect on weld prop-
erties although some weld spatter is produced. Arc stability is excellent and
is not affected by the galvanized coating, although some reduction in welding
speed is required.

The weld takes place in a protective gas shield. A small diameter con-
sumable wire electrode of 0.8 mm to 1.6 mm is fed automatically to the weld
torch. The high current density resulting from the small diameter of the wire is
in the region of 200 A/mm?. Gas metal arc welding, also known as Metal-Inert
Gas (MIG) welding, is a versatile semi-automatic welding technique particu-
larly suited for the welding of thinner materials (<1/2 [13 mm)] thick.
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Figure 4. Gas Metal Arc Welding (GMAW) parts in ilustrated (galvanizeit.org,
2023).

Gas metal arc welding, also known as Metal-Inert Gas (MIG) welding, is
a versatile semi-automatic welding technique particularly suited for the weld-
ing of thinner materials (<1/2 [13 mm] thick.

Welding speeds for GMAW are typically slower for galvanized surfaces.
These reduced speeds allow longer time for the zinc to burn off at the front of
the weld pool. Increasing the current supplied to the welding electrode may
provide sufficient means to burn off zinc coatings of greater thickness.

Weld penetration depth is decreased when welding galvanized steel.
When performing butt-welds, larger gaps must be provided. Consistent pen-
etration is achieved by employing a side-to-side motion of the welding torch
when butt-welding in the flat position. Spatter increases when welding galva-
nized steel using CO, shielding gas.

The formation of spatter particles is directly proportional to the thickness
of the zinc coating. Therefore, spatter formation is greater for hot-dip galva-
nized steel than continuously galvanized (sheet) steel.
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Figure 5. Shielded Metal Arc Welding (SMAW) parts in ilustrated (galvanizeit.org,
2023).

The most common arc welding process is shielded metal arc (SMAW)
welding. SMAW welding is a process in which flux-covered electrodes rang-
ing from 9 to 18 inches (23 to 46 cm) in length, and 1/16 to 5/16 inches
(1.6mm to 8.0 mm) in diameter, are used.

Weld depth penetration is decreased in the SMAW welding of galvanized
steel, as is the case for GMAW welding, the root opening for butt-welds must
be increased from that of uncoated steel surfaces. However, it is possible to
obtain full weld depth penetration by altering the normal weld techniques for
uncoated steel. If the angle of the electrode is reduced from the normal 70° to
30°, and the weld speed is reduced significantly, normal weld depths can be
achieved by moving the electrode back and forth in line with the joint.

Spatter formation also increases using SMAW welding. Generally, spatter
formation does not increase to an extent where anti-spatter compounds are
required. Slower welding speeds allow for more of the zinc coating to burn
off and reduce the amount of spatter formation. As for GMAW welding, it is
not usually necessary to increase the current to the electrode to increase the
amount of zinc burned off.

Reducing the angle of the electrode and reducing the weld travel speed
will significantly increase the quality of SMAW weld on the zinc-coated sur-
face. Steels with thicknesses greater than 1/2 (13 mm) are recommended to be
welded with SMAW.

- 89
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Oxyacetylene Welding

All grades of hot-dip zinc coated steels can be welded by oxyacetylene
fusion welding. Preparation for welding is similar to that for welding uncoated
steel. Because low travel speed is necessary for this process, which is neces-
sary to bring the joint edges to the fusion temperature, the extra heat causes
the zinc coating to be affected over a much greater area than when using fast-
er welding processes. Best results are obtained when the filler rod is moved
back and forth, producing a ripple weld. Nozzle sizes similar to those used for
welding uncoated steel of similar thickness should be used. Welds should not
be remelted by a flame to improve their appearance; this will result in addi-
tional loss of the zinc coating.

Friction Welding

Flat-ended studs, whether uncoated or galvanized, cannot be welded to
galvanized plate because the alloy layers in the zinc coating appear to act as
a low friction-bearing surface and insufficient heat is developed for welding.
Using pointed studs solves the problem with friction welding studs to gal-
vanized surfaces. The best results are obtained on studs with a point having
a 120° angle. The presence of zinc coating on the stud increases the time re-
quired for welding.

Resistance Welding of Zinc-Coated Steel

Resistance welding is generally used to join galvanized steel less than 1/4
inch thick and with a zinc coating lighter than 305 g/m?. Coatings up to 460 g/
m? have been successfully welded, but electrode life is much shorter than with
lighter coatings. On heavier coatings, it is necessary to replace or redress worn
electrodes more frequently. Sheet materials can be resistance welded without
removal and with little damage to the zinc coating. Most after-fabrication gal-
vanized coatings are thicker than recommended for resistance welding and
become impractical to do so.

Conclusion

Beyond health dangers, there are additional issues that might arise from
welding galvanized steel. The weld may be compromised by the zinc coating
present in galvanized steels. The coating might result in impurities and porosi-
ty in a weld and makes penetration more challenging. It’s also typical for there
to be no fusion at the weld’s tips. To reduce these dangers, welding procedures
and technique must be followed correctly. Before welding, try to take off any
zinc coating that may be around the weld region. If not, use a filler substance
designed specifically for use on materials coated with zinc.

The variety of galvanizing procedure used to coat the steel is another
aspect that will contribute to the quality of the welds.
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Varying zinc layers over the steel surface are a result of different gal-
vanizing techniques. The coatings on zinc electroplated steel are usually
thinner than those on hot dipped galvanized and thermally sprayed steel.
Choose zinc electroplated steel instead of thicker-coated hot-dipped or zinc
thermal-sprayed steel to get a better weld. Once welding automation is taken
into consideration, zinc plated and steel will also have a much more uniform
coating.

Preserving corrosion resistance following welding is another challenge
when welding galvanized steel. The region that is left uncoated and vulnerable
following welding galvanized steel is caused by the zinc coating burning away
surrounding the weld. Weld failure due to expediency may thus occur in the
exposed, naked weld. A post-weld procedure, such as painting or re-galvaniz-
ing the material, must be employed if corrosion resistance is still needed after
welding.

Galvanized steel may be securely and successfully welded, but there are
several crucial precautions that need to be followed. Safety rules must be
studied and understood in order to weld galvanized steel safely. Additionally,
welders must wear the appropriate personal protective equipment to shield
them from potentially harmful vapors. It’s also critical to understand every de-
tail of the application, including the kind of galvanizing technique being used,
the environment in which the weldment will be placed, the welding procedure
being followed, and the standards by which the weld will be judged.
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1. Introduction

In order for electrical energy to become usable, many systems in different
disciplines must work together and smoothly from the point of physical pro-
duction to the point of consumption. These systems can be briefly summarized
as the systems required for the detection, extraction or control of the raw ener-
gy source, the systems required for the appropriate energy generation method,
the systems that will ensure the regulation of energy and the standardization of
electrical parameters such as current, voltage, frequency, the systems required
for the transmission and distribution of energy and the systems required for
the end user to use it safely.

In this study, poles are analyzed among the systems required for the trans-
mission, distribution and utilization of energy in Turkey. Poles used in energy
transmission and distribution in Turkey are generally designed for different
purposes for power transmission lines and distribution networks. In the classi-
fication of these poles, factors such as the purpose of use, the type of material
they are made of, the number of circuits they carry, and the voltage level are
taken into account.

2. Standard Specifications for Poles

Before classifying electricity poles, some basic characteristics should be
known. These properties can be defined as height, weight, peak force and
peak width and foundation designs. The length of a pole can be defined as
the length of the pole after it leaves the production, usually in mechanical
calculations, the pole length is determined as the part coming out of the soil
outside the foundation. The full length of poles defined as wooden poles varies
between 9 and 15 meters and the top width varies between 16 and 19 cm. The
material they are made of is concrete and the peak forces of the poles go up to
200 to 3500 kg. Iron poles, on the other hand, are made in various lengths by
adding angle profile irons [1].

3. Classification of Poles

Electricity poles can be classified according to their intended use, the type
of material they are made of, the number of circuits they carry and the voltage
level.

3.1. Pole Types According to Purpose of Use

Poles are classified as stopper, corner stopper, carrier, corner carrier, end,
branch, distribution and crossing poles according to their intended use.

3.1.1. Final (Last) Pillars

Used at the beginning and end of energy transmission lines. The aerial
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line conductors are connected to the insulators with end ties, that is, they are
strong poles that can withstand unilateral total tensile force. In the projects,
the pole symbol is shown as a circle and the end poles are shown with the
letter N as in Figure 1 [2].

Start of Power Line

O

N Start of Power Line

Power Line Length N

Figure 1. End posts

3.1.2. Supporting Poles

These are the poles used between the stopper poles in order to carry the
conductor in the aerial lines, that is, to hold the weight of the conductor in the
direction of the straight line on which the conductor is suspended, and shown
in Figure 2 with the symbol T in the project.

O M) M) M straight direction Q
N T T T N

Figure 2. Supporting poles

3.1.3. Corner Support Poles

They are poles with mechanical strength that can change the direction of
the linear line with small deviations (a, ). These Corner Carrier poles, where
the conductors are connected to the insulators with a carrier bond, are shown
in the project with KT as shown in Figure 3.

ds

T KT O

T N

O M e straight direction
N

Figure 3. Supporting pole at the corner

3.1.4. Stopper Poles

In places where the power transmission lines where the carrier poles re-
main pass linearly, the line must be fixed to fixed and solid points at certain
intervals along the route. Poles designed in such a way that the fixed points
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can withstand the tensile force from the conductors are defined as stopper
poles and denoted by the letter D. In energy transmission lines, it is appropri-
ate to use stopper poles at certain intervals according to the conductor type.
In case of problems such as wire breakage and pole overturning, the failure in
question is limited between these stopper poles and does not affect other parts
of the air line. In addition, as shown in Figure 4, the conductors on these poles
are connected to the insulators with end ties in order to properly stretch the
conductors to the insulators.

~1km ~1km
N T T T T T D T T T N

Figure 4. Stopper (D) pole

3.1.5. Corner Stop Posts
These are poles that are used at the corner points where the power trans-
mission aerial lines going in straight direction need to change direction with
large deviations (o, ) and at the same time act as astopper. The conductors in
the Corner Stopper Poles are connected to the insulators with end ties and the
project is indicated by the symbol KD as shown in Figure 5.

O )
N
straight direction

O

Figure 5. Corner stopper (KD) pole

3.1.6. Distribution (Branch) Poles
These poles are used where the air lines are divided into branches. These
branch poles, which are indicated with B in the project as shown in Figure 6,
may also have additional connecting facilities, switchgear elements such as
disconnectors or breakers.

Distribution Line N

O O Q O
N

gy,
IIIg L@e

Figure 6. Distribution (B) pole
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3.2. Types of Poles According to the Number of Circuits They Carry

3.2.1. Single Circuit Poles

These are poles with only one electrical circuit on the pole. This type of
poles are installed as two-wire if they carry a single phase at Low Voltage
level, four-wire if they carry three phases at Low Voltage level and three-wire
if they carry three phases at High Voltage level. Single circuit poles are shown
in Figure 7 [1].

e 17 d

Figure 7. Single circuit pole designs

3.2.2. Multi-Circuit Poles

These are poles with only two, four and six separate electrical circuits
on the pole. Depending on the design of this type of poles, the number of
conductors can be very different as there may be an additional protection line
conductor. Figure 8 shows the circuit designs on these poles.

?? ?? ‘;;sliz;‘
3 E = [ = | ‘zz;lzsf

3 s;;J;;x £F £ I] (2 £ £

Figure 8. Multi-circuit pole designs
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3.3. Types of Poles According to Voltages

According to international standards, voltage levels below 1 kV are de-
fined as low voltage (LV - LV) and above 1 kV as high voltage (HV - HV).
However, some countries have also leveled high voltage and defined interme-
diate voltages. For example, in Turkey, voltage levels are divided into low,
medium (MV-LV), high (HV-HV) and very high voltage (MV-HV-VHV) and
the poles carrying these voltages are divided into four as low, medium, high
and very high voltage poles [4].

3.3.1. Poles used in Low Voltage

Up to 1000 volts, low voltage (LV) poles can be made of wood, iron or
concrete. In some cases, both low voltage and medium voltage (MV) lines are
installed on the same pole. A and K type poles are shown in Figure 9.
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Figure 10. Detail of A and K type LV pole and A type poles carrying LV-MV common
line [3]

3.3.2. Poles Used in Medium Voltage

They are poles used between 1kV - 36 kV. Their length varies between 9
m-25 m. They are manufactured as wood, concrete and iron poles. Concrete
and iron poles are widely used in urban areas. In rural energy distribution and
villages, wooden poles are only used as carrier poles in energy distribution
lines carrying 3AWG (Swallow) conductors, and concrete and iron poles are
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used as carrier (T), corner carrier (KT), stopper (D), corner stopper (KD), final
(N) and branch (B) poles. Iron poles used in medium voltage are known by the
name of the conductor they carry. MV iron poles are made of square section
putrel iron. Concrete poles are manufactured at 1 meter intervals from 10 m
to 26 m [5].

Figure 11. Galvanized bolted iron poles with 3/0 AWG (Pigeon) conductor used in MV
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Figure 12. Technical drawing of MV concrete and iron transformer pole [6]

3.3.3. Poles Used in High Voltage

They are 60 kV poles made of painted-welded, galvanized-bolted, iron
and concrete materials that carry power lines with voltage above kV. Paint-
ed-welded iron poles are coated with paint and protective layers to prevent
them from being affected in all kinds of ambient conditions. The protective
layers must be renewed at regular intervals. In addition, there are problems of
transportation to points where there is no transportation. Due to these prob-
lems, painted-welded iron poles are replaced by galvanized-bolted iron poles.
Pole designs, which vary according to the type of conductor, are designed in
different types and lengths according to the various functions they will per-
form. The profiles in painted-welded iron poles are manufactured in pieces of
6 meters each on average and they are attached to each other with bolts.
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Figure 13. Some HV iron poles: a) Suspension Insulator Connected Carrier pole, b)
Stopper pole, Sectionalizer System Connected pole c) Side View, d) Front View, e)
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3.4. Types of Poles According to Construction Materials

According to their construction materials (according to the material they
are made of) poles are divided into three. These are iron poles, concrete poles
and wooden poles. Iron poles are lighter than concrete poles and last longer
than wooden poles. They can be transported in small pieces. Their cost is
higher than wooden poles.

3.4.1. Tree Poles

It is a type of pole made from trees such as coniferous fir, juniper, larch,
spruce. After the tree is cut, it is turned and subjected to special treatments as
they are adversely affected by weather conditions and pests. These treatments
include impregnating the wood pole with copper sulphate or tarring. Mechan-
ical durability is limited for wooden poles. For this reason, the distance be-
tween the poles should be short.

After the foundation of the wooden poles is opened, after the fixing pro-
cess, the foundation pit is filled by compacting the foundation with the exca-
vation from the soil, stone and soil, and concrete is not poured. If concrete is
poured into the foundation, the pole may break from the upper points of the
foundation in the peak forces coming to the pole. In addition, the bottom of the
pole may rot over time. To prevent this, the bottom of the pole (foundation)
should be sprayed with injection. If concrete is poured on the base of the pole,
it is not possible to open the base of the pole a little and spray it. Wooden poles
are used as normal bearing and corner bearing poles. The top of the pole is
cut at an angle of 45 degrees to prevent rain and snow water from damaging
the pole. Standard tree pole lengths are 8- 8.5- 8.5- 9- 9.5- 9.5- 10- 10.5- 11-
11.5- 11.5- 12- 12.5- 13- 13.5 meters. For the transportation of conductors on
wooden poles, insulators can be attached directly to the pole or carried with
the help of insulators fixed to the brackets mounted on the poles. After erec-
tion, wooden poles should be supported with struts or steel ropes. Comparison
of wooden poles with other poles is given in Table-1.

Table-1. Advantages and disadvantages of wooden poles

Advantages of wooden poles | Disadvantages of wooden poles

Cheap Short lifespan, low peak force

Easy to transport and easy to | Because they are flexible, their secretions (feces)
plant can change

Light and flexible Can burn when struck by lightning

No painting costs Not for use at high voltages

More reliable against stray | Wooden poles should be reinforced with steel wire
currents or struts.
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Picture 14. Tree pole

3.4.2. Iron Poles

They are poles made of iron and steel that can be used in all voltage lev-
els. Iron poles can be manufactured as painted-welded and galvanized-bolted.
A and cage type poles carrying low voltage (LV) and medium voltage con-
ductors are usually painted-welded, while poles carrying high voltage (HV)
conductors are galvanized-bolted. The iron structures in these poles are I, U,
L shaped profiles. In transmission line poles carrying high voltage (HV) and
very high voltage (MV) level conductors, one or two protection conductors
are drawn from the top of the pole to protect the line depending on the type of
pole. The protection conductor is connected to the earth.

Concrete should be used in the foundations of iron poles. Iron poles are
longer lasting than wooden poles and lighter than concrete poles. Iron poles
can be applied to any type of arrangement of conductors. It is also easy to
repair pole failures that may occur for any reason. However, maintenance and
operating costs are higher than concrete poles. Iron poles have guardrails to
prevent living creatures from climbing.

2.4.2.1. Pipe Type Poles

Tubular poles are used in electrical energy transmission and distribution
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in some countries, but in Turkey they are mostly used in special lighting, low
voltage street, avenue, harbor, marina, site and garden lighting applications. It
is also specially used as projector lighting poles. Their heights are between 4
and 8 meters. There are single, double, triple types.

Figure 15. Tubular iron (galvanized) poles [1]

2.4.2.2. A Type and Lattice Type Poles

Poles carrying conductors at low voltage and medium voltage level are
standardized as A type and cage type iron poles. These standardized lengths
are separate for short and long poles. Type A poles originate from the fact that
the sheet metal structure connecting the uprights in the middle of the two main
uprights resembles the letter A. The profile bars used in these poles are I and
U shaped. Pole names according to profile width are 81, 101, 121, 6,5U, 8U,
10U, 12U or 81k, 101k, 12Uk. Pole lengths are between 9m and 11m [1-12].
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Picture 16. A type and lattice type iron pole pictures

2.4.2.3. Putrel (Pylon, Fork) Poles

The number of circuits of these poles, which are produced with galva-
nized bolts and painted-welded, can be 1, 2, 3 or 6. Their lengths can be en-
larged and adjusted in desired dimensions and there is no standard length.

Figure 17. Pylon type and forked pylon type iron poles [11]
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Table 2. Advantages and disadvantages of iron poles

Advantages of iron poles Disadvantages of iron poles
»  Peak forces are large *  High cost
»  Easy to repair *  Not very safe against leakage
currents
*  Their lifespan is long *  Affected by weather
conditions
* Easy to transport and assemble ¢ Maintenance is costly and
with the ability to be disassembled requires care
3.4.3. Concrete Poles

Concrete poles are produced by using concrete and high-strength steel
wire or steel rods. Vibration or centrifugation method is applied to ensure the
compatibility of concrete and steel material in a non-porous manner. Poles
produced by this method are called reinforced concrete poles. While centrif-
ugal poles (SBA) are hollow, vibre poles (VBA) are filled. The cross-section
of vibre concrete poles is rectangular, while the cross-section of centrifugal
concrete poles is circular. The biggest advantage of reinforced concrete poles
over iron poles is that they are less affected by harmful gases and vapors in
weather conditions and especially in industrial areas. In addition, the amount
of iron used is less (60%) compared to iron poles that do the same job, which
saves iron material. The resistance of the pole to peak forces depends on the
steel wires used inside. Concrete poles are made in circular cross-section and
conical shape. The sleepers used in concrete poles, where the insulators are
mounted, are also made of concrete or iron. Concrete poles can be made from
250 kg to 3500 kg according to the peak force. Their lengths range from 8 m
to 26 m and their diameters are conical up to 50 cm and cylindrical after this
diameter. They are generally used in medium and low voltages. They are also
frequently used in road lighting. Centrifugal concrete poles used in medium
and low voltage are manufactured in 39 different types in terms of peak forces.
The pulling forces of the conductors and wind forces are assumed to be in the
same direction, the force created by these two forces at the top of the pole is
called the peak force.

Table-3. Properties of concrete poles

Advantages of concrete poles Disadvantages of concrete poles

Concrete poles are cheaper than iron poles | Care should be taken when handling as
they are fragile

Long life, maintenance free They are heavy and difficult to transport
Peak forces are large Difficult to assemble

Not much affected by atmospheric

phenomena

Safe against stray currents
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2.4.3.1. Centrifugal Poles

They are hollow concrete poles made of steel rods (as longitudinal rein-
forcement material) and pre-stressed steel wires as transverse reinforcement
material using the centrifugal method. The centrifugal method is to expel the
excess water in the concrete and to obtain a very tight impermeable concrete.
The outer surface of the poles made with this method is smooth and smooth.
Concrete with at least 300 doses is produced in lengths from 10 m to 26 m,
increasing by one meter. SBA poles with 200 to 3500 kg peak force are made

Figure 18. Centrifugal type round (SBA) concrete poles [12]

3.4.3.2. Vibre Poles

Vibrated concrete poles are obtained by placing the iron skeleton into
the molds according to the results of static calculations and distributing the
poured mortar homogeneously all over the mold by vibration.

Figure 19. Vibre-type concrete (VBA) pole picture [5]
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4. Forces on Poles

We can divide the forces on the poles into two groups: horizontal and
vertical forces.

4.1. Vertical forces

The vertical forces acting on a pole consist of the pole and sleeper weights
and the insulator, conductor equipment and additional loads.

X Y Z

ap a

Figure 20. Illustration of the spacing of air line poles

If the vertical weight G, acting on the pole Y due to the conductor it car-
ries;

= Fo % () 1)

It’s here, Pyis the bare weight of a 1 meter long piece of conductor (kg/m)

and a, is the weight range (m) of pole Y.

The pole’s own weight (fo) : Depending on the material the pole is made
of, the weight of the pole can be calculated from catalog values or from the
profile unit weight used for the designed iron pole.

Insulator weight (Gfﬂ) : The weight of the insulator on the pole is obtained
from the manufacturer’s catalog information. The weight of the insulator bar,
hanger or tensioner to be used for that insulator is added to this weight.

Assembler weight (G?” ) : The weight of the worker who will work on the
pole is also considered as 100 kg as vertical load in the design.
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4.2. Horizontal forces
Wind force (Wd) The projection area (F) in the vertical plane (m? ) of the
area exposed to the wind on the poles is calculated. In the calculation of the
wind force acting on phase and earth conductors,

We=cq"Fqq @)

Dynamic wind pressure coefficient ¢ and its unit is kg/m. The coefficient
of dynamic wind pressure depends on the type of mast, the shape, dimensions

and structure of the wind-affected surface. Dynamic wind pressure g and its
unit is kg/m?. This value affects the length of the pole on the land, the pole, the
traverse, the insulator and the conductor separately.

4.3. Additional Charges on the Conductor

Aerial line conductors are affected by climatic conditions. Changes in air
temperature change the stresses in the conductor. Some ice may accumulate in
the conductor with snow falling in winter. Additional ice and wind loads on the
conductor should be taken into account in the line design. For this, long-term
meteorological observations and records should be available in the region and
evaluated accurately. For these reasons, countries establish ice and wind load
research stations at various points and create maps of ice load zones.

4.3.1. Additional Ice Load on Conductor (Pf’)

Experiments and observations have shown that ice forms between -8°C
and 2°C. Since the moisture content of the air does not occur at temperatures
lower than -10°C, ice will not form. As a result of the observations made in
Turkey since 1960, five different regions were created according to the ice load
zone map published in 1978 and the empirical equation (3) was created for the

formation of ice load depending on these regions. In this equation P is the
additional ice weight of the conductor in kg per meter, k is a zonal coeflicient
and d is the diameter of the conductor in mm.
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Table-4 Coefficient k values according to ice load zones

Ice Load Zone k Minimum Ambient Maximum Ambient
Temperature Temperature
1 0 -10 50
2 0,2 -15 45
3 0,3 -25 40
4 0,5 -30 40
5 1,2 -30 40

The additional ice load is a vertical force in the same direction as the

weight of the conductor. Weight of the conductor with ice B, is defined by
equation (4).

F,=F+ F (4)

4.3.2. Additional Wind Load on Conductor (W)

In different geographies, the conditions for the maximum value of wind
load may occur at different temperatures. In Turkey, this value is determined

to occur at 5°C and is expressed in kg per meter of horizontal Wi load is cal-
culated by Equation (5). In the formula d is the diameter of the conductor in
mm [1].

W, =c-q-d-1073

(kg/m) (5)

The wind force per meter in kg on the conductor is calculated by Equation
(6). F in the formula is the surface area of the conductor exposed to the wind in
m? . The cross-section of the conductor with a vertical plane passing through
the axis of the conductor is the length of the conductor in meters exposed to

the wind shown in Equation (7), i.e. the wind range (") multiplied by the
conductor diameter (d).
Fe =€ 0 F (1g/m) ©)

— . L 1n-3
F=d-a,-10 (m?) @)

Hence, equation (8) will be used for wind force for wind range spans up
to 200 m and equation (9) will be used for wind range spans greater than 200
m.

e I . -3
Ry =crqrd-a, 107 4 (8)
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W;=c-q-d-(80+60-a,) 1073
a=crard:( w) 10 () (©)

The wind load on the conductor is not in the direction of the conductor
weight but perpendicular to this direction as can be seen in Figure 21. Equiva-

lent conductor weight in windy state Pa is given by equation (10).

St
Wi
Al
4 P,
Py
Figure 21. Forces on the air line conductor
| =
Fo= B T W7
N (kg/m) (10)

5. Conductors and Poles Used in Medium Voltage (MV)

Electricity distribution facilities consist of two main parts: city, town, vil-
lage, industrial site LV-MV distribution network and distribution lines that
enable the transportation of MV level energy with poles with large spans.

5.1. MV Conductors

In medium voltage power transmission lines, steel cored aluminum (St-
Al) conductors are used to withstand mechanical stresses. Aluminum con-
ductors are reinforced with a steel core to increase their mechanical strength.
In other words, the strength of steel and the lightness and conductivity of
aluminum are utilized. The conductors used for energy transmission at MV
level in Turkey are 3 AWG, 1/0 AWG, 3/0 AWG, 266.8 MCM and 477 MCM
steel cored aluminum (St-Al) conductors in order of diameter. As it is known,
AWG stands for American Wire Gauge. In AWG, each number in the range
0000,000,000,00,0,1,2,3,...,40 represents a certain cross-sectional dimension.
In the abbreviations, 000 can also be shown as 3/0, and there is also a coding
that includes bird names to avoid confusion. MCM is a measurement deter-
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mined by the Circular Mile expression used in the USA for larger cross-section
steel cored aluminum (St-Al) conductors. Since 1 CM refers to the surface area
of a circle with a diameter of 1/1000 inch, it is expressed as 1 CM=506,7x106
mm? or | CM=0,5067 mm? . In that case, the cross section of the Al part of the

266,8 MCM (Patridge) conductor is designed as 266,8x0,5067=135,18 mm?.

Table-5. Technical Information of MV Conductor

St-Al Name. Cross Cross Cross Weight | Tensile
Conductor Section Section Section (Kg/Km) | Strength
Code (mm?) Al | (mm?) St | (mm?) Total (Kg)

3 AWG SWALLOW 26,69 4,45 31,14 108 1023
1/0 AWG RAVEN 53,49 8,89 62,38 215,9 1940
3/0 AWG PIGEON 85,01 14,22 99,23 3429 3030

266.8 MCM | PATRIDGE 135,20 22,00 157,20 5454 5100
477 MCM HAWK 241,70 39,40 281,10 974,9 8820

5.2. Medium Voltage Poles

The poles used in Medium Voltage are named by specifying the name of
the conductor they carry and the number of circuits.

5.2.1. 3 AWG, Single Circuit Iron Poles

Ilbank type painted welded iron poles were developed in lengths ranging
from 10m to 20m with 2m intervals, in carrier, corner carrier, stopper, corner
stopper, end and zaviye types. Figure 22. shows 3 AWG power transmission
line carrier and stopper poles. Z and N poles are shown in Figure 23.
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Figure 21. Technical Drawings of 3 AWG air line T and D Poles [8]



International Research and Reviews in Engineering II - December 2023 - 113

wn

e
e |77 B 460
i?“&\f “*ﬁ
.ﬂ;z;<;\g\§w Jﬁ P -{: ﬁ? i
iﬁ/ H H N&\ o W%ﬁ: M
}} ;%; m:% <,/§ —9:‘;‘:’2"" #i:g |
: \rkx\ﬁg‘:#n | N sf T5l 4
] 4 | T %ﬁ
ST A
] H [ %
’ \?:?}" *'lf" 1L—4a i,’{ e ‘TEZ P
o %_ m;j, >€ i [
RGN !
: - {

\
s
H

EH
%%

I R P F =

Figure 22. Technical Drawings of 3 AWG air line Z and N Poles [8]

5.2.2. 1/0 AWG (Raven), Single Circuit Painted-Welded Iron Poles

Some technical information about painted-welded poles with 1/0 AWG
(Raven) conductors are given in Figure 23.
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Figure 23. 1/0 AWG (Raven) air line Z and N Poles Technical Drawings [8]

5.2.3. Iron Poles with 3/0 AWG (Pigeon) Conductor

Iron poles with 3/0 AWG (Pigeon) conductors can be manufactured in
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two types: painted welded and galvanized bolted.

5.2.3.1. Painted-Welded Iron Poles with 3/0 AWG Conductor

Some technical information of iron poles manufactured in painted welded
type with 3/0 AWG (Pigeon) conductors are given in Figure 24.
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Figure 24. Technical Drawings of 3 AWG air line Z and N Poles

5.2.3.2. Galvanized-Bolted Iron Poles with 3/0 AWG Conductor

For galvanized-bolted iron poles with 3/0 AWG (Pigeon) conductors, sin-
gle, two, four and six-circuit projects have been developed according to the
number of circuits. The bolts of these poles are also galvanized and each type
of pole has its own crossbar. Therefore, there is no need to select a separate
traverse as in 3 AWG (Swallow) type and 1/0 AWG (Raven) type poles [1].

i. 3/0 AWG Carrier Poles

These single-circuit masts are manufactured in four types: BER, BES,
BEY and BET. While the technical details are the same, the wind range of
BEY and BET poles are different. Technical pictures of these poles are given
in Figure 25.
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Figure 25. Technical Drawings of 3/0 AWG (Pigeon) air line BER, BES and BEY-BET
Poles

ii. 3/0 AWG Stopper Poles

Among the galvanized-bolted iron poles with 3/0 AWG conductors, the
pole that can only act as a stopper was manufactured as K type. The technical
drawing of the K type pole is given in Fig. 26.
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Figure 26. 3/0 AWG (Pigeon) air line Technical Information of K type Pole
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iii. 3/0 AWG Corner Stopper (KD) Poles

Galvanized-bolted iron poles with 3/0 AWG (Pigeon) conductors were
manufactured as L, LA, P, PA and R types. Technical pictures of these poles
are given in Figure 27 and Figure 28 [1-12].
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Figure 27. 3/0 AWG (Pigeon) air line Technical Information for L, LA, B, PA and R type
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iv. 3/0 AWG End (N) Poles

Galvanized-bolted iron poles with 3/0 AWG (Pigeon) conductors are
L-type poles and these poles are manufactured in such a way that they can
also serve as stopper poles at the corner.

6. Conclusion

In this study, basic information about the poles used in energy transmis-
sion and distribution is given. Specifications The classification of the poles
carrying energy at MV level used in Turkey, information about their tasks and
basic forms are given. Features Information on poles with 3 AWG (Swallow),
1/0 AWG (Raven) and 3/0 AWG (Pigeon) conductors are included.
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INTRODUCTION

The furniture industry has an important position in all countries in terms
of the employment and added value it provides. At the same time, furniture,
an indispensable part of daily life, shapes living spaces with its aesthetic and
functional features and increases users’ comfort and quality of life. Innovation
is considered an effective strategy for increasing organizational performance
and strengthening competitiveness. In this context, it is stated that innovation
includes critical elements for a more solid market positioning by ensuring the
effective use of resources in organizations. (Guimaraes et al., 2016). As in all
industries, innovation is vital in the furniture industry.

Social media (SM) is a term that refers to innovative technological plat-
forms that offer individuals the opportunity to produce and share their own
original content. These platforms include popular social media tools such as
Instagram, YouTube, and Facebook (Cox & Paoli, 2023; Mandiberg, 2012).

In recent years, with the influence of digitalization, the processes by
which consumers determine their product preferences have changed greatly.
In this change, video-sharing platforms play an important role. The furniture
industry uses digital platforms effectively to understand consumers’ aesthet-
ic preferences and expectations, market their products and improve their de-
signs. These platforms, especially video-sharing sites, offer companies in the
sector the opportunity to introduce their products to large audiences, increase
customer loyalty and interact with their target audience. By communicating
directly with consumers through video-sharing platforms, furniture brands
introduce their products more closely and have the opportunity to instantly
evaluate consumer feedback. This trend is also taken into account in scientific
research. Day by day, there is an increase in the number of studies on web
mining in academic circles, and these studies generally focus on topics such
as consumer behaviour, marketing strategies and design trends.

In the furniture industry, the use of new technologies, especially innova-
tive approaches such as web mining, can bring about a significant transforma-
tion in design and production processes. In this context, the adoption of these
advanced technologies allows actors in the sector to develop more innovative,
effective, and high-value-added furniture designs and production processes.

WEB MINING

The advancement of artificial intelligence and big data technologies has
led to a significant increase in the demand for big data experts in various
industries. Governments, organizations, and businesses have adopted these
technologies to discover the potential value contained in data, predict future
trends, and contribute to smart decision-making processes (Ageed et al., 2021;
Biao, 2023). Web mining is the process of obtaining important information by
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analyzing the textual components of web content (Brauner et al., 2022; Xu
et al., 2010). Nowadays, interest in web mining is constantly increasing. The
main reason for this increase is that websites have the potential to provide
access to a wide and diverse range of information sources. However, effective-
ly extracting and using large amounts of information on the internet poses a
significant challenge (Zhou et al., 2018). At this point, the need for innovative
studies to transform large amounts of data into meaningful and usable infor-
mation is increasing.

In the contemporary era, as e-commerce undergoes swift advancement,
an increasing number of individuals are opting to make online purchases and
share their reviews regarding the acquired products on the internet. Other
methods based on survey data are also available for the evaluation of lar-
ge-scale data; However, these methods are often costly and time consuming
to implement in practice. Ozellikle genis rneklemlerle ¢alismak, katilimeilari
toplamak ve anket verilerini analiz etmek siireclerinin karmasiklig1 nedeniyle
arastirmacilara ciddi bir ¢aba gerektirebilir (Wu et al., 2014).

This study proposes a web mining-based method developed to help fur-
niture manufacturers perform product evaluations more effectively. The pro-
posed method aims to obtain more comprehensive information-based evalua-
tions about furniture products by analyzing the data about furniture products
on video-sharing sites and identifying keywords in the comments.

TEXT MINING

With recent developments in the field of text mining, web crawling, web
extraction and text analysis software have become widely available, studies
in various research areas have become easier (Schedlbauer et al., 2021). This
allows various positive and negative comments about products around the
world to be analyzed and important keywords to be extracted. In this way,
companies can be directed to the areas they need to focus on primarily. Sys-
tematic text mining studies to be carried out to determine future design and
production trends in the furniture industry are of critical importance in un-
derstanding, predicting, and influencing innovations and changing consumer
demands in the sector.

MATERIAL AND METHOD
Data Collecting

This study is based on online search results conducted on public video
sharing platforms between August 11, 2022 and August 11, 2023 in Turkey.
Within the scope of the research, user comments in the 50 most watched fur-
niture-themed videos were examined in detail and text data were collected
systematically.
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Data Analysis

RapidMiner software was used to analyze the obtained data. RapidMiner
is a platform that is widely accepted in scientific research and contains im-
portant web mining tools. This software allows effective analysis of data and
application of various statistical methods (Bardak et al., 2021; Ersen et al.,
2023; KarayilmazIar et al., 2019; Ristoski et al., 2015; S6zen et al., 2018).

RapidMiner software enables data analysis by combining end-to-end op-
erators to create complex processes. Within this software, each operator per-
forms a specific task. For example, data reading operators are used to import
the dataset and perform preprocessing steps, while model building operators
create statistical or machine learning models suitable for analysis (S6zen et
al., 2022).

Figure 1 shows the process diagram created with operators for the analy-
sis of data obtained from video-sharing platforms.

Process

Process » 200% O P 2Pk HadH
A
Data Nominal to Text Process Documents f...
f‘ out exa exa =
ori -
v
v
< >
Recommended Operators (1 v
[T Select Attributes st 40 [[7 SetRale st 40 . Apply Model a7 % Cross Validation 2 u ¥ Filter Examples

Figure 1. Process diagram created with operators for analysis of data obtained from
video-sharing platforms.

Thanks to the analysis method, the most frequently mentioned keywords
in the comments on video-sharing platforms were determined.

Figure 2 shows the process diagram created for detecting these keywords.
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Figure 2. Process diagram created for the detection of keywords.

FINDINGS AND DISCUSSION

In this study, the 25 most frequently encountered words on video-sharing
sites about furniture products were analyzed in line with the data obtained
using web mining techniques. These words were determined as the key terms
of the users regarding furniture products on online video platforms and were
ranked by frequency analysis.

Table 1 shows the most common words obtained from comments on vid-
eo-sharing platforms about furniture products.
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Table 1. The most frequently used words obtained from the comments made on video
sharing platforms about furniture products.

Word Frequency of occurrence of words in Number of
comments comments

Many 125 96
Beautiful 81 75
Furniture 32 26
Good 28 21
Design 24 24
Great 23 23
Work 21 21
Video 17 15
Chic 17 17
Armchair 16 13
I want 14 13
Quality 11 11
New 11 9
Hello 10 10
Bed 10 8
Old 8 7
Easy 8 8
MDF 8 4
Modern 8 7
Perfect 8 8
Style 8 7
Changing |7 7
Brand 7 7
Table 7 6
Set 7 6
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A word cloud is a tool that visually depicts word frequency in the text
being analyzed. The more frequently the word is used in the text, the more
prominently it appears in the created image. This tool is used to quickly un-
derstand the main themes and emphases of the text (R. Atenstaedt, 2012; R. L.
Atenstaedt, 2021; McNaught & Lam, 2010).

Figure 3 shows the word cloud, which is a visualisation of the most fre-
quently repeated words in viewer comments on furniture videos.

E ‘g g m I
Video =
Chic I i
Furniture = 1]
Design = §-
1

Figure 3. Word cloud, a visualization of the most frequently repeated words in viewer
comments on furniture videos

According to the analysis results, it was determined that the most fre-
quently used words were “very”, “beautiful”, “furniture”, “good” and “de-
sign”. These phrases show that furniture-related videos leave a positive impact
on viewers. It also indicates that viewers are influenced by design, especially
in videos. The obtained study results are consistent with the existing litera-
ture. In conducted research, it was determined which factors are prioritized
in customers’ furniture purchasing decisions. More than half of the survey
respondents stated that quality and design are determining factors in purchas-
ing decisions (Pirc Bar¢i¢ et al., 2021). Secondary important words include
“great”, “effort”, “video”, “chic” and “seat”. These words show that labor-in-
tensive content and sofa furniture attract special attention from the audience.

The study provides valuable insight into understanding the effects of dig-
ital platforms on the furniture industry. This analysis was conducted to de-
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termine consumers’ preferences and trends regarding furniture products, to
optimize marketing strategies and to guide future research on the industry.

CONCLUSION

The furniture industry is a vital sector globally, and data analysis in this
sector is fundamental to understanding consumer behaviour. This study was
carried out through viewer comments obtained from furniture-focused videos
on video-sharing sites. Using Rapidminer data platform software, keywords
were successfully obtained from the comments. Keywords are critical to un-
derstanding the main themes and emphases of the comments. According to
the analysis results, it was determined that the most frequently used keywords
were “very”, “beautiful”, “furniture”, “good” and “design”. The context in
which these words appear frequently shows that furniture videos have a pos-
itive impact on viewers, with particular emphasis on design. The findings un-
derline the effectiveness of visual content and the importance of design in the
field of furniture and show that content strategies to increase audience satis-
faction and appreciation are valuable. These results provide important clues
for digital marketing and content production strategies in the furniture indus-
try. The study shows that comments on video-sharing sites can be considered
an important source.
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1. INTRODUCTION

In our country, wind energy ranks first among the renewable energy
sources used for electricity generation in recent years. However, wind turbines
established to generate energy are built in places far from the areas where peo-
ple live due to some technical and environmental reasons. Even small wind
turbines have not yet adapted to social life. For our world in general and our
country in particular to get rid of the increasingly harmful effects of the use of
fossil fuels, it is necessary to increase the use of all renewable energy sources,
especially wind energy.

In this publication, it is aimed to show that a certain part of the electrical
energy consumed by people in the living areas where they continue their daily
lives can be produced by small wind turbines that are compatible with the
environment. In the study, a system combining a large number of Savonius
and Darrieus turbines on a tree-type body was designed and manufactured. In
this hybrid system, there is a Savonius turbine with two blades in the form of
a truncated @ (fi) with drag force effect and a H tpi Darrieus turbine with two
blades. Since the non-helical Darrieus turbines need a starting motor to start
the first movement, the Savonius turbine provides this first movement in this
system. However, when these two turbines with different characteristics power
a shaft coupled together, they have the effect of increasing and decreasing the
efficiency of each other. In this study, the total system and the individual effi-
ciencies of each turbine will be investigated and discussed. Thus, a contribu-
tion will be made to the dissemination of these turbines in domestic and small
power usage areas.

1.1. Status of Wind Energy in the World and Tiirkiye

In recent years, the tendency towards renewable energy sources has been
increasing day by day. Among renewable energy sources, wind energy has an
important place in terms of efficiency. Wind energy has recently entered a rap-
id progress process in the world and in parallel with this in our country. Wind
energy is one of the renewable energy sources whose use is increasing the most
in the world. According to the 2023 report of the Global Wind Energy Asso-
ciation (GWEA), the historical development of the total installed capacity of
wind energy in the world is shown in Figure 1.1 (Williams and Zhao, 2023).
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Figure 1.1. Development of the total installed wind power capacity in the world between
2001 and 2022, GW (Williams and Zhao, 2023).

As can be seen here, the installed capacity of wind energy in the world
has continued to increase every year since 2001. Especially since 2007, the
upward movement in the acceleration of increase is remarkable. This orienta-
tion towards wind energy has led to an increase in scientific studies to increase
the efficiency of wind turbines. With 78 GW of new capacity added globally in
2022, the total global installed capacity increased to 906 GW. This represents
an annual growth rate of 9 per cent.

According to the GWEA market analysis forecast, 2023 will be the first
year to exceed 100 GW of new capacity added globally, with annual growth
of 15%. The world’s top five markets in terms of new installations in 2022
are China, the United States, Brazil, Germany, and Sweden. Together, these
countries accounted for 71 per cent of global installations last year. With the
return of strong growth in established European markets such as Germany,
Spain, the UK, France, Italy, Italy and Tiirkiye, the European onshore market
will re-energise from 2024 onwards. The GWEA market analysis forecasts
680 GW of new capacity over the next five years (2023-2027). This represents
136 GW per year until 2027. Whereas GWEA previously forecast that 1078
GW would be built between 2022 and 2030, it is now estimated that this will
be supplemented by 1221 GW of new capacity between 2023 and 2030 (Wil-
liams and Zhao, 2023).

At the end of 2022, the total installed capacity of wind energy in the
world is 906 GW, of which 842 GW is onshore and 64 GW is offshore wind
power. Some of the leading regions in wind power plant installation are Ocea-
nia, North America, Asia, Eastern Europe, and Russia. According to the 2023
report of the GWEA, the top 11 countries are China, the United States, Germa-
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ny, India, Spain, Brazil, France, Canada, the United Kingdom, Sweden, and
Tiirkiye (Figure 1.2) (Williams and Zhao, 2023).

Canada; U. Kingdom; 14.575 Sweden; 14.393 Turkiye;
15.261 o 11.969
Brazil; 25.632  France; 20.653
_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘—-—

Spain; 29.793

Figure 1.2. Eleven countries with the highest world wind installed capacity (MW) at the
beginning of 2023

As of the beginning of 2023, Tiirkiye ranks 6th in Europe and 11th in the
world in terms of total installed wind power capacity. Tlirkiye has a signifi-
cant wind energy potential. As of the end of September 2023, Tiirkiye’s in-
stalled capacity reached 105.667,8 MW (Table 1.1). As of the end of Septem-
ber 2023, the distribution of our installed capacity by resources is as follows:
29,9% hydraulic energy, 24,4% natural gas, 20,3% coal, 11% wind, 10,3%
solar, 1,6% geothermal and 2,6% other resources. According to the results of
Tiirkiye’s National Energy Plan, electricity consumption is expected to reach
380,2 TWh in 2025, 455.3 TWh in 2030 and 510.5 TWh in 2035. In 2022,
34,6% of our electricity generation was from coal, 22,9% from natural gas,
20,3% from hydraulic energy, 10,6% from wind, 5,1% from solar, 3,4% from
geothermal energy and 3% from other sources (EMRA, 2023).
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Table 1.1. Tiirkiye 2022 September-2023 September electricity installed capacity and
generation values (EMRA, 2023)

TOTAL INSTALLED POWER* (MW) TOTAL PRODUCTION* (MWH)
TYFE OF 2022 7023 3022 2023
RESOURCE | SEPTEMB K(:‘;)E SEPTEMB R(;;I)E JANUARY- K(;;T)E JANUARY- R&I}E
ER ER SEPTEMBER SEPTEMBER
HYDRAULIC 31567.74| 30,86 | 31.594.72| 20.00 | 57.066.065.86] 22.94 | 48997843 44| 1994
WIND 1119562 | 1095 | 11.600,05| 1099 | 26.114392.50| 10,50 | 2539333562 1034
SUN 8061.71| 876 | 1089925 1031 | 12330932.62| 496 | 1503117563| 6.12
BIOMASS 181043 | 1,78 | 2040,15| 104 | 6831.69192| 275 | 7.199.682.64| 2.93
GEOTHERMAL 162634| 165 | 169139| 160 | 8218.808,62| 330 | 8075377.10| 329
RENEWABLE | 5523083 | 54,00 | 57843.56| 54,74 | 110.580.891,5| 4445 | 104.607414.4| 4262

NATURAL GAS 2568183 | 25,11 | 2374293 | 2436 5743935683 2309 | 3383184535 2191

IMPORTED COAL | 9.713,80| 950 | 10373,80| 982 |42935034146| 17.26 | 52.537.031,10| 2139
LITH 10.13896 | 991 | 10.19396| 965 |[33.643.700,97| 13,52 | 3027792741 | 1232
HARD COAL 840,77| 0,82 840,77 0,80 2.665.195.75| 1,07 2.653.341,09| 1,08
ASPHALT+Fu.0il 663,13 | 063 663,13 | 0,62 1.485.85087| 039 1.670.220953| 068
THERMAL 47.048,21 | 46,00 | 4782431 | 45,26 | 138.194.830,6| 55,55 | 140.970.5659| 57238
TOTAL 102.279,04| 100,00 | 105.667.86 | 100,00 | 248.775.722,2| 1000 | 245.667.980,3 | 100,00

*Licenced and unlicensed power plants are included

In Tirkiye, it is assumed that a wind power plant with a capacity of 5
MW per square kilometre can be established in areas 50 metres above ground
level and with wind speeds above 7,5 m/s. In the light of these assumptions,
a Wind Energy Potential Atlas (WEPA) was prepared in which wind resource
information was provided using a medium-scale numerical weather forecast
model and a micro-scale wind flow model. Tiirkiye’s wind energy potential
is determined as 48.000 MW. The total area corresponding to this potential
corresponds to 1,30% of Tiirkiye’s surface area. Considering the wind energy
potential of 6 m/s and above, a total installed capacity of 78.000 MW can be
reached. The energy obtained from wind energy has been increasing since
the beginning of the 2000s. Figure 1.3 shows the development of wind power
plants in Tirkiye between 2011 and 2022 according to the data of Energy
Market Regulatory Authority (EMRA) and Ministry of Energy and Natural
Resources (MENR). According to this development, the installed capacity,
which was 1729 MW in 2011, increased 6,6 times until 2022 and reached
11.367 MW.
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Figure 1.3. Development of wind power plants in Tiirkiye between 2011-2022

2. WIND TURBINE TYPES AND OPERATING PRINCIPLES

Wind turbines are a system that has a moving rotor and converts the ki-
netic energy of the air flow (wind) coming to its blades into mechanical energy
and electrical energy in its generator. Although wind turbines are divided into
certain types, their general principle is to generate electricity with the blade
and rotor system that converts the kinetic energy in the wind into mechanical
energy. Wind turbines are generally divided into 3 types according to the rota-
tion axes of their rotors: horizontal axis, vertical axis and oblique axis.

2.1. Horizontal Axis Wind Turbines

The rotation axis of horizontal axis turbines is parallel to the direction
of winds and the blades are perpendicular. As the number of rotor blades de-
creases, it rotates faster and generates more electricity. The efficiency of such
turbines is approximately 45%. Horizontal axis turbines are usually placed at
a height of 20 to 200 m from the ground, depending on the size of the turbine,
with a tower height equal to the rotor diameter. The ratio of the wind speed to
the peripheral speed of the turbine blade is called the tip speed ratio (A).

Figure 2.1 shows the main parts of horizontal axis propeller type wind
turbines and the principle of wind flow directions and forces on the turbine
blade. Horizontal axis wind turbines consist of 4 main parts as tower, body,
rotor, and blade.
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Figure 2.1. Horizontal axis wind turbine (a) wind flow directions on the
blade, (b) view of the turbine body and cabin parts (Ardig, 2019)

2.2. Vertical Axis Wind Turbines

The axis of rotation of vertical axis wind turbines (VAWT) is perpendic-
ular to the wind direction. VAWT can receive wind from all directions and
generates electricity with rotation movement accordingly. With this feature, it
has an advantage over other turbine systems. The efficiency of these turbines,
which produce energy with the force of dragging the wind, is approximately
35%. The gearbox and generator of these turbines, which operate without the
need for a tower as high as the horizontal axis ones, can be installed at ground
level and therefore the lower parts of the turbine blades have to work at low
wind speeds. Because of the roughness of the earth, the wind speed decreases
as it approaches the ground level and its speed increases as it rises above the
ground. Vertical axis turbines occupy less space than horizontal axis turbines
but produce less power accordingly. The most common vertical axis wind
turbines are.

1. Darrieus turbine,
2. They are divided into 2 as Savonius turbine.

Darrieus wind turbines were invented by George J.M. Darrieus, a French
engineer. The tensile stress on the blades is very low as they have a slight in-
clination. It can operate at high wind speeds, but a drive motor is required for
the first movement (rotation). Although there has been a significant increase
in studies on Darrieus wind turbines in recent years, they have not yet become
as widespread as horizontal axis wind turbines. Darrieus wind turbines are
made in 5 different types: D type, H type, Fi type, Delta type and Helical type
(Figure 2.2).
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Figure 2.2. Three different variants of the Darrieus wind turbine (Deda et al., 2006)

Another vertical axis wind turbine that works with the effect of wind drag
force is the Savonius wind turbine, named after the Finnish inventor Sigurd
Savonius. The Savonius rotor is an “S” shaped rotor obtained by cutting the
vertically standing cylinder in half and sliding it. The working principle of
this rotor is that when the wind coming at a certain speed hits the rotor, a
positive moment occurs in the inner part of the semicircular cylinder and a
negative moment occurs in the outer part of the semicircular cylinder, and the
Savonius rotor starts to rotate because the moment formed in the inner part is
greater than the moment in the outer part. Figure 2.3 shows the rotation phase
of the rotor. As can be seen from the figure, with the wind hitting the blades,
the force generated due to the pressure on the wing facing inward to the wind
(the advancing wing) is greater than the force on the returning wing. Thus,
the Savonius wind turbine starts to rotate since the moment of the advancing
blade relative to the centre point is greater than the returning blade. In vertical
axis wind turbines, no matter which direction the wind blows, the turbine will
start to rotate and generate power except for some critical points (Deda et al.,
2006).
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Figure 2.3. Savonius wind turbine rotor and drag force on the blade

Darrieus-Savonius Combined (Hybrid) Wind Turbines

In recent years, Darrieus and Savonius wind turbines have been designed
together in order to utilise wind energy more. In this way, the first movement
of the Darrieus wind turbine is given by the Savonius wind turbine. With the
combined (hybrid) system, both the problem of the first movement for the
Darrieus turbine is solved and the total power obtained increases. Figure 2.4.
shows the front and top views of the Darrieus-Savonius hybrid wind turbine.

D?rr ieus

Savonius
(a) (b)

Figure 2.4. Darrieus-Savonius hybrid wind turbine front (a) and (b) top
views (Deda et al., 2006)
2.3. Source Research on Vertical Axis Turbines

Looking at the studies on vertical axis wind turbines in the literature, it is
noteworthy that there has been a recent tendency towards hybrid turbines in
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order to increase performance.

In their study, Gavalda et al. (1990) proposed a new combined Dar-
rieus-Savonius wind wheel design and conducted experiments. They analysed
the starting moment and power coefficients of the Darrieus-Savonius wind
wheel and found the maximum power coefficient to be 0,35. Kdse (2003),
in his study, showed that the electricity demand of wind measurement sta-
tions, which are generally established in places far from the grid, can be easily
met with a mini Darrieus-Savonius wind turbine by calculating according to
the wind measurement data of Selguk University Campus. Deda et al. (2006)
placed a screen in front of the Savonius wind turbine in order to increase the
efficiency of the wind turbine and to prevent the negative moment acting on
the convex surface of the turbine. The static and dynamic moments of the
wind turbine were measured experimentally with and without a baffle. Using
Computational Fluid Dynamics (CFD), the experimental data and CFD results
were compared. It was observed that the power coefficient increased to 38%
with the pitched model.

Aktemur (2010) performed computer-aided analyses of different Savo-
nius wind turbines by keeping the wind speed and flow conditions constant. In
the study, the ratio of wing sliding distance to wing diameter was selected as 0,
0,4 and 0,8. As a result of the computer-aided analyses, the best performance
was observed in the design with a 3-blade slip distance/blade diameter ratio of
0,4. Lee et al. (2016), in their study, investigated the effect of twist angle on
Savonius wind turbine performance. The power coefficient (Cp) at different
tip speed ratios (TSR) and torque coefficient (CT) at different azimuths for he-
lical blade angles of 0, 45, 90 and 135 were observed under a fixed projection
field condition. Our results showed that the maximum power coefficient (Cp,
max) values in both cases have similar trends for the TSR range considered in
this study, i.e. between 0.4 and 0.8, except for the 45° bend angle.

Ramesh et al. (2017), in their study, investigated the power coefficient of a
hybrid turbine including the combination of Savonius and Darrieus. For this pur-
pose, the Savonius turbine was first tested experimentally with two, three and four
blades. The tests showed that the 3-blade rotor has a higher power coefficient than
the two and four blades at low wind speeds. In Balduzzi (2017), the effect of using
Kline-Fogleman blades in a Darrieus turbine on power generation was investi-
gated by means of pre-validated computational fluid mechanics (CFD) analyses.
As aresult, he found that, contrary to expectations, stepping the blade reduces the
power generated by 28% (externally stepped) to 44% (internally stepped) at high
tip speeds (rotational speeds). However, at low tip speeds (rotational speeds), the
external stepping increased the power and torque by 33%.

Hashem et al. (2018), in their study, investigated the aerodynamic perfor-
mance improvements of the H-rotor Darrieus wind turbine. In the acrodynam-
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ic performance evaluation, the cross-sectional profiles of the Darrieus turbine
blade were performed for 24 new airfoils (symmetric and non-symmetric) to
increase the generated power. As a result, it is shown that the symmetrical
S1046-type is the blade type with the best performance for a typical tip speed
ratio ranging from 2 to 7 and that the maximum power coefficient of a three-
blade Darrieus turbine (consisting of S1046 blades) equipped with a cycloidal
surface diffuser is equal to 0,3463.

Douak et al. (2018), in their study, aimed to design an optimised Darrieus
type wind turbine capable of starting at low wind speeds. The study consists of
three parts: firstly, the angle of attack monitoring and control system allowing
self-starting at low wind speeds is presented, the second part presents a gen-
eral method to obtain a profile with a good starting torque and the third part.
As a result, it is shown that a=15° is the optimal angle of attack that provides
maximum torque. It is also shown that a three-bladed rotor will self-start re-
gardless of the starting position and verified by tests on a turbine model in a
wind tunnel.

3. EXPERIMENTAL STUDY OF DARRIEUS-SAVANIUS HYBRID
TURBINE

The experiments to be carried out in the study were carried out by placing
an appropriate size turbine in a ready-made wind tunnel. The turbine design
to be tested was manufactured according to the formulae and assumptions
given in the existing literature. For this, in the first stage, the most appropriate
dimensions and technical parameters of the vertical axis wind turbine with
Savonius airfoil were determined and the airfoil drawings of the turbine to
be designed were made. The number of blades was taken as 2 and DC gen-
erator was used as generator. “National Advisory Committee for Aeronau-
tics (NACA)” and other suitable profiles were taken into consideration in the
blade profile selection. A mould was prepared from Styrofoam material and
the turbine blade was manufactured from polyester impregnated glass fibre.
During the experiments, a recorder feature thermometer, and an anemometer
to measure the air velocity were installed in the necessary sections on the ex-
perimental set. As a result, the efficiency of the designed hybrid system was
compared and interpreted with the Savonius wind turbine operating alone.
Figure 3.1 shows the shapes of Savonius and Darrieus-Savonius hybrid wind
turbine.

The Darrieus turbine, which will work in conjunction with the Savonius
turbine, was designed and tested alone. After the manufacturing according to
the formulae and assumptions in the existing literature, the designed Savonius
and Darrieus turbines were mounted on the same chassis and a hybrid system
was formed. This system was subjected to a number of tests in the wind tunnel
test setup and the turbine power and power coefficient were calculated. As a
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result, the most suitable parameters for the vertical axis Savonius wind turbine
with Darrieus turbine are determined and interpreted.
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Figure 3.1. Savonius (a) and Darrieus-Savonius wind turbine (b) (Ardig, 2019)

The turbine output power is given by (3.1), the turbine current duty is
given by (3.2) and the turbine efficiency is given by (3.3).

2nn, M
p =27 M 3.1
! 60 G-1
B, =AR, Qv (3.2)
I
== (3.3)

~
S
<

In these expressions, M is the rotational torque, Qv ; s the volumetric air
flow rate and AP ; is the pressure change across the turbine region. In addi-

tion, the power coefficient (C,) of the turbine will be calculated by equations
(3.4) and the potential power of the wind by equations (3.5).

C =

p

£ 34
o (3.4)

.PG:,DSEJ (3.5)
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In these equations, P is the electrical power (W) obtained from the tur-

bine, P, ; is the potential power of the wind, p is the density of the air (kg/m?),
Ais the area affected by the wind (m?) and v is the wind speed (m/s).

3.1. Manufacturing of Savonius Wind Turbine

The designed Savonius wind turbine will continue with an increasing di-
ameter dimension from the top to the middle part and then it will be narrowed
again and completed at the value of the diameter dimension at the top. In this
context, from the top to the bottom of one bucket of the turbine is divided into
6 circular regions. Their radii were chosen as 1st 10 cm, 2nd 12,5 cm, 3rd 15
cm, 4th 316 cm, 5th 15 cm and 6th 10 cm. The height was determined as 75
cm. Figure 3.2. shows the drawing of the designed Savonius wind turbine.

The rotor radius d of the Savonius turbine is calculated according to equa-
tion (3.6);

S=2.d.h (3.6)

Where; S=Swept area of the impeller (m?), d=Radius (m), h=half the
height (m)

S=2x0,32x0,75 =0,48 m?
Calculated as.

For the density of the air, the density at sea level (1,25 kg/m3) and the av-
erage wind speed is taken as 10 m/s. In this case, the power of the air passing
over the turbine is obtained by equation (3.7).

max

P . =>pSV?
} (3.7)
P =-1,25x0,48x10%= 300
) w
is found as. If we use the power coefficient ¢ _p=0.15, the power of the
Darrieus wind turbine is found using equation (3.8.).
P =C,.F

X

(3.8)
P =015x300=45W

is found as. Various materials are used for wind turbine blades. Some
of these materials are metal, wood and epoxy. In this project, glass fibre re-
inforced polyester was used to make the blade of the Savonius wind turbine
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strong and light enough to withstand high speed winds. In order to manufac-
ture the blade, firstly a mould was created from styrofoam material.

Figure 3.2. Designed Savonius wind turbine blades to be manufactured (Ardig, 2019)

Firstly, mould release liquid was applied on the mould. The mould was
covered with glass fibre in 3 layers. Figure 3.3. shows the mould wrapped with
glass fibre.

Figure 3.3. Mould wrapped with glass fibre and glass fibre ready for polyester
impregnation (Ardig, 2019)
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After each layer was wrapped in the mould, polyester was impregnat-
ed. While preparing the polyester mixture, 0,5% accelerator and 2% hardener
were added. After the 3rd layer was completed, it was left on the mould for 1
day and left to harden.

After drying and hardening on the mould, the mould was removed from
the glass fibre reinforced polyester and the final shape of the wing was given.
In order to remove the roughnesses on the wing, the roughnesses were covered
with putty and sanding and smoothness was provided. Rubber material was
wrapped around the wing for smoothness and painted.

3.2. Manufacturing of Darrieus Wind Turbine

H type Darrieus wind turbine was selected for the Darrieus wind turbine
to be designed. The dimensions of the turbine are height h=75 cm, radius =32
cm and the number of blades is selected as 2 blades. Figure 3.4 shows the
drawing of the designed Darrieus wind turbine blade.

S R

Figure 3.4. Cross section of the Darrieus wind turbine blade to be manufactured (Ardag,
2019)

Air density was taken as p = 0,225 kg/m3 which is the standard sea-
side value. Wind speed V=10 m/s and rotational speed n=596,83 rpm. The tip
speed ratio of the Darrieus wind turbine was calculated according to equation
(3.9).

_ Zmar
0.V

(3.9

2.m.596,83.0,32
a0, 10

A=
=2

Finding. The relation between the tip velocity ratio A and the wing chord
length is given in equation (3.10).

(3.10)
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is found as. Taking these values into account, the power of the wind tur-
bine is calculated using equation (3.11);

P=p5v?

(3.11)
Where; P: Power (W), S: Sweeping area of the impeller (m”2) and v:
Wind speed (m/s).

To calculate the sweeping area, equation (3.12) is used.

5= %.Zr.z.ﬁ;
(3.12)
5=§xzxn,32xzxn,?5

m?
=0,32

Finding. If the power of the wind turbine;
P = 0,25x0,64x10°
=80 W

is found as. After the calculations of the Darrieus wind turbine were made
in this way, the manufacturing stage was started. NACA 0012 airfoil profile was
used as the blade profile. Wood material was preferred as the manufacturing
material. Figure 3.5. shows the drawing of the Darrieus wind turbine blade.

Figure 3.5. Darrieus wind turbine blade (Ardig, 2019)

In order to adjust the angles of the blades of the Darrieus wind turbine to
the turbine to be 900 and 450 degrees, a special fastener was manufactured.

Figure 3.6. shows the mounting elements that will enable the Darrieus and
Savonius wind turbines to be mounted together.
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(b)
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Figure 3.6. (a) Mounting elements of the turbines and (b) assembled Darrieus turbine
blades (Ardig, 2019)

Finally, the blades were connected to the shaft with fasteners and experi-
ments were carried out. Figure 3.7. shows the assembly drawing of the assem-
bled Darrieus-Savonius hybrid turbine blades.

3.3. Darrieus-Savonius Hybrid Wind Turbine Assembly

Holes were drilled in the centre of the shaft designed for air circulation in
the manufactured Savonius wind turbine (Figure 3.6-a).

After the Savonius turbine blades were mounted on the shaft, the Darrieus
turbine blades were connected to the Savonius wind turbine with the fasteners
manufactured. Experiments were carried out by changing the angles of the
Darrieus turbine blades to 90° and 180 degrees and the position of the Darrieus
turbine with respect to the Savonius blades. The assembly drawing of the Dar-
rieus-Savonius hybrid wind turbine is shown in Figure 3.7.
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Figure 3.7. Views of the Darrieus-Savonius hybrid wind turbine from different angles
(Ardig, 2019)

Installation pictures of the fabricated Savonius (Figure 3.8-a) and Dar-
rieus-Savonius (Figure 3.8-b) turbines placed in front of the wind tunnel are
given.

Figure 3.8. Savonius (a) and Darrieus-Savonius hybrid (b) wind turbines in front of the
wind tunnel (Ardig, 2019)
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4. CONCLUSION AND EVALUATION

Of the Savonius and Darrieus turbines, firstly only the Savonius wind
turbine was tested in a wind tunnel with a maximum wind speed of 9 m/s.
Then the Darrieus wind turbine was installed to the Savonius wind turbine.
This hybrid Darrieus-Savonius wind turbine was again tested in a wind tun-
nel with a maximum wind speed of 9 m/s. In the experiments, measurements
were made by changing the blade angles of the Darrieus wind turbine. In the
measurement results, the highest power values were reached in the 90° degree
blade of the Darrieus-Savonius hybrid wind turbine.

Multimeter was used to calculate the turbine power. Electrical power was
calculated by measuring volt and ampere values. Equation 4.1. was used in
electrical power calculation.

F=V.I
(4.1.)

The manufactured Savonius and Darrieus-Savonius hybrid wind turbines
were tested in the wind tunnel between 3-9 m/s wind speed values. As a result,
the number of revolutions, power coefficient, tip speed ratio and electrical
power values were obtained. Turbine speed values obtained at different wind
speeds in the wind tunnel are given comparatively in Figure 4.1.
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Figure 4.1. Wind speed-rotation speed change values of Savonius and Darrieus-
Savonius hybrid wind turbines (Ardig, 2019)

The variation of the obtained power values with wind speed is shown
comparatively in Figure 4.2.
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Figure 4.2. Changes of measured turbine power values with wind speed (Ardig, 2019)

Using the obtained speed and power values, the tip speed ratio A was cal-
culated according to equation (4.2).

2.mn.R

60.V

(4.2.)

Here, n: Number of revolutions, R: Radius, P: Wind power.

As a result of these calculations, the tip speed ratio values obtained at
wind speeds between 3-9 m/s are given in Figure 4.3.
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Figure 4.3. Changes of tip speed ratio values calculated according to measured values
with wind speed (Ardig, 2019)
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Based on the power values obtained because of the experiments, Cp pow-
er factor calculation is given in equation (4.3) made using.

P
=t
CP—P

(4.3.)

Here, Cp: Power coefhicient, Pf' Useful power (W), P: Calculated
wind power (W).

A comparison of the Cp power coeflicient values obtained because
of the calculations is given in Figure 4.4.
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Figure 4.4. Variations of Cp values obtained according to the measurement results with
wind speed (Ardig, 2019)

As a result, the Darrieus-Savonius wind turbine was designed for home
applications with a power of 50-100 watts. First, the Savonius wind turbine
was designed and produced. Later, the Darrieus wind turbine, suitable for the
Savonius turbine, was designed and produced. Darrieus and Savonius turbine
blades were mounted together, and experiments were carried out in the wind
speed range of 3-9 m/s. The experiments carried out are as follows; It was
built in the form of a Savonius turbine (1), a Darrieus-Savonius hybrid wind
turbine (2), where the Darrieus blades are 90° away from the Savonius blades,
and a Darrieus-Savonius hybrid wind turbine (3), where the Darrieus blades
are 45° away from the Savonius blades, in the speed range of 3-9 m/s.

The results of the speed measurement values were obtained as 219 rpm
in experiment (1), 362 rpm in experiment (2), and 231 rpm in experiment (3).
Results of power measurement values; 30,2 W was obtained in experiment
(1), 62 W in experiment (2), and 42,8 W in experiment (3). The Cp power co-
efficient values calculated according to these measurement results were 0,148
(14,8%) in experiment-(1), 0,34 (34,0%) in experiment-(2), and 0,21 (21%) in
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experiment-(3). The tip speed ratio values calculated from the measurement
results were obtained as 0,76 in experiment-(1), 1,26 in experiment-(2), and
0,8 in experiment-(3) (Ardig, 2019).

According to these results, the Savonius turbine efficiency, which is
around 15% in the literature, has been achieved. Among the hybrid systems, it
is seen that the 90° angle turbine layout reaches the highest power coefficient
value with 34,0%. The results obtained were compatible with the literature.

Uncertainty analysis of the multimeter and anemometer, which are the
measuring instruments used in the experiments, was performed. The uncer-
tainty of the Cp power coefficient was calculated as 0,46% and the result was
appropriate. According to these results, it can be seen that a Darrieus-Savonius
hybrid turbine of a certain size can be used to meet domestic electrical energy.
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I. INTRODUCTION

Digital forensics is a branch of science that provides evidence to be pre-
sented to the court as a documentation by collecting digital devices and an-
alyzing them. By reaching the material truth through this branch of science,
it is possible to catch the perpetrators, punish them or acquit the innocent or
prevent the crimes planned to be committed (Kilig, 2012).

Digital forensics: It is the whole of the stages of examining digital evi-
dence on digital media of various qualities by applying scientific methods to
reach the material truth, preserving the integrity of the digital evidence related
to the crime, making it ready to be presented to the judicial authorities in an
understandable way without being corrupted, and applying certain scientific
techniques (Ekizer, 2014).

According to the theory known as “Locard’s Principle of Change” by
Criminologist Prof. Edmond Locard, before a perpetrator leaves the crime
scene, he will either leave a trace of himself there or carry a trace of there on
himself. Since this evidence are concrete evidence, they are very important as
they cannot be refuted by abstract witness statements. The principle of change
is valid in the field of digital forensics as well as in the physical environment
of a crime scene. In this respect, it is very difficult to act on information tech-
nology systems without leaving any indications, just as every behavior in the
physical environment leaves indications (Baslar, 2019).

The Android operating system is the most widely used operating system
in all devices with a 38.33% market share among all operating systems in
November 2023 (StatCounter, 2023).

Since smartphones are relatively more affordable than personal comput-
ers, it can be much easier to reach these devices. And it is possible for people
in the low-income group without using any digital device other than smart-
phone, and basically continue their lives with the operations they do on their
smart phones. If these people commit a crime, there is the potential to have
large amounts of digital evidence on their smartphones relates to the crime
(Petraityte, Dehghantanha, and Epiphaniou, 2017).

Smartphones are constantly carried with their owners, often physically
held closer to them than other potential digital devices, such as computers.
The size of these devices to be carried in the pocket makes it easier for people
to carry these devices with them, causing them to be in constant interaction
throughout the day. For these reasons, the evidence potential of these devices
is greatly increased following factors like: the possibility of the devices were
taken to the area where the crime was committed; the possibility of the for-
mation of location information as a result of communicating with people by
using a smart phone at the scene; the possibility of audio, video recording or
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photographing at the scene with a smartphone; the possibility of criminal mes-
saging recordings on the smartphone. Moreover, it is likely to commit crimes
by using these devices directly as a tool. Because smart phones have very
powerful hardware and functions today, and they can contain rich data types
that equivalent to personal computers (Walnycky et al., 2015). Smartphones
have become the most critical and important piece of evidence in many inves-
tigations (Kim and Lee, 2020).

Although the methods used in digital forensics have developed, the pre-
viously developed forensic methods may become dysfunctional with the con-
tinuous technological developments and the updating of the versions of oper-
ating systems and applications. For this reason, digital forensics is a science
that still needs development and needs to be studied continuously.

For example, it is very important to gain root privileges during the ex-
amination of Android smartphones, and it is getting harder and harder to gain
root privileges on newly released Android smartphones and operating system
versions.

Because it is often necessary to gain root privileges to effectively per-
form forensic investigations of Android smartphones and reach the material
truth. However, gaining root privileges can be seen as unlawful method. In
this study, acceptability of gaining root privileges also discussed.

II. IMPORTANCE, ADMISSIBILITY AND CHALLENGES OF
GAINING ROOT PRIVILEGES

A. Root Privileges

Rooting Android smartphones is like having administrator privileges us-
ing the “sudo” command in the Linux operating system. As a matter of fact,
since Android is based on Linux, just as it is necessary to have administrative
authority with the use of the “sudo” command line to perform many develop-
ment or modification operations in the Linux operating system, root privileges
are required to have broad authorities on Android smartphones (Hoog, 2011).

With root privileges, it is possible to make changes to system files, access
system files and important files where application’s data are stored. Although
it is possible to access user data without root privileges, this data will often be
too limited.

ADB (Android Debug Bridge) commands will need to be used when it is
desired to take a logical or physical image from an Android smartphone with
a computer on the workstation. It is possible to take both logical and physical
images with ADB commands. However, additional components and applica-
tions must be installed like BusyBox application on the device to obtain a
physical image.
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Android Debug Bridge (ADB) system consists of three elements: cli-
ent, daemon, and server. The client runs on the computer in the workstation
and sends commands to the device. The daemon runs in the background of
the Android smartphone, executing the commands that the client sends to it.
The server handles the communication between the daemon and the client. It
is possible to backup non-rooted device data via an application on Android
smartphone or ADB commands, or to obtain data from the device through the
information provided by the content providers (Lin, 2018).

For ADB commands to be executed, USB debugging mode must be

turned on from the target device (Figure 1) and this permission must be given
to the computer on the workstation (Figure 2).

Q30O ¥ 1 21231PM

Allow USB debugging?

USB debugging is intended for
development purposes only. Use it to copy
data between your computer and your

device, install apps on your device without
notification, and read log data.

CANCEL 0K

Figure 1. Enabling USB debug mode on target device.
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Allow USB debugging?

The computer's RSA key fingerprint is:
8(
8¢

[] Always allow from this computer

CANCEL OK

Figure 2. Screenshot of the smartphone that shows giving permission to use ADB
commands on target device from workstation specific computer.

After connecting an Android smartphone to the workstation, then binding
to the terminal of the target device with root privileges with the command
“adb shell su”, the screen that appears in the superuser application is shown
whether to allow root privileges on the device (Figure 3).

n ool B 428

T
oy

Superuser Request

The following app is requesting superuser
access:
App: Unknown {2000)
Package: unknown
Reguested UID: root {0)
Command: id

:Remember

AE;O“‘V

Figure 3. Permitting to using root privileges of the Android Smartphone.
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The command prompt screen showing that the device can be accessed to
the /data directory without encountering any problems on the rooted device by
typing the “ls /data” command on the computer at the workstation (Figure 4).

Figure 4. Checking if root privileges has been acquired by digital forensic examiner or
has not from workstation computer command prompt.

The command prompt screen showing that many permissions, and the
permission to view the subfolders and subfiles information in the /data direc-
tory are denied, even when the workstation is requested to examine the base
directories of the target device (Figure 5).

c: Permission denied
on denied
Permission denied
ion denied

firmware
mnt
nonplat_file_cont

plat_propgr tombstones
plat_. p_con rd vendor
plat_se contexts  sepolicy

Figure 5. ADB commands that shows without root privileges it is not possible to access
/data directory that contains user data, and even to view some directories on the
smartphone flash memory.
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As seen above, it is not possible to access the /data directory where user
data is stored without having root privileges. Therefore, even when a logical
image of the device is desired, the data in this directory will not be available.

B. Importance of Root Privileges

There are basically two different ways to obtain data on Android smart-
phones. One of them is taking the logical image, while the other is taking the
physical image. The importance of rooting Android smartphones in terms of
digital forensics is gathered at the point of obtaining data with these two dif-
ferent ways.

Ifit is preferred to logically obtain data from Android smartphones, it will
not be possible to access the /data directory where the user data is stored or
the /system directory where the system files are stored (Skulkin, Tindall, and
Tamma, 2018c) . If these directories cannot be reached, although it is possible
to obtain various data via Android backup files or content providers, the data
obtained will be very poor compared to the data that can be acquired with
gaining root privileges. In fact, Android applications can prevent the data that
can be obtained with the Android backup feature with a Boolean type code
called as a flag that they add to the manifest.xml file (Breitinger and Baggi-
li, 2019). Again, content providers are the data that an Android application
shares with other applications and it is obvious that these applications will
keep this data within a certain limit.

To take the physical image of the target device with software tools, it is
a requirement to have root privileges. It is not possible to take the physical
image of the device in any way with software tools without having root priv-
ileges. With the physical image, it is possible to create a byte-to-byte copy of
the flash memory of the target device. In this way, not only the file system,
but also the unallocated space of the device’s flash memory can be obtained.
Therefore, data deleted by the user can also be recovered by obtained physical
image.

With hardware level methods like JTAG or Chip-off, the physical image
of the target device can be taken without gaining root privileges. However,
the implementation of both methods has great difficulties. The implementa-
tion of the JTAG method may not always result in success or it may not be
possible because the smartphone manufacturer has closed the JTAG inputs on
the circuit board (Skulkin, Tindall, and Tamma, 2018b). Besides that, Chip-off
method is much more time consuming and costly than JTAG, and it may harm
hardware of device (Skulkin, Tindall, and Tamma, 2018a).

At the same time, software tools such as LiMe or AMExtractor must be
used to obtain the volatile memory of the Android smartphone. However, to
use these software tools on the target device, it is mandatory to have root priv-
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ileges of the target device. The Linux kernel source code of the target device
is needed for LiMe (S04ENSICS Labs, 2014). It can be found on the manufac-
turer’s website or other resources. Along with the Linux kernel source code,
the file named “config.gz” must be obtained from the /proc directory of the
device’s file system and this file which is related to target device kernel must
be cross compiled with the Linux kernel source code. Later, by transferring
the module created by LiMe to the target device, volatile memory can be ob-
tained. However, this Linux kernel source code may not be available for every
target device because the manufacturer does not share the kernel source code,
or the kernel source code has not been published by a third source. This reduc-
es the effectiveness of the tool called LiMe.

Although the Linux kernel source code is not required to use the AMEx-
tracotor tool, it is necessary to learn the various features of the RAM (Random
Access Memory), to create the kernel module based on these features, and to
obtain the data of the volatile memory by transferring the created kernel mod-
ule file to the device (Haiyu Yang, 2022).

However, root privileges are needed both to obtain the “config.gz” file of
the target device for the LiMe tool, and to obtain various features of the RAM
for the AMExtractor tool. Again, it is obligatory to have root privileges during
the transfer of the created module to the device for acquiring volatile memory.

Therefore, obtaining useful data for forensic analysis on the target device
without having root privileges will be very limited.

C. Legal Acceptability of Gaining Root Privileges

When it comes to ensuring data security, the confidentiality, integrity, and
availability of evidence, known as the CIA trio, will be evaluated. These ba-
sic principles, which have their roots in providing data privacy on a military
basis, are also used in ensuring data security for organizations (Samonas and
Coss, 2014). Confidentiality of evidence means taking precautions and mea-
sures so that only authorized persons can access the data. Integrity, on the
other hand, is that the wholeness of the data is maintained continuously, and
its accuracy is not lost. Availability means that it is possible to access the data
by authorized persons when necessary.

These features can also be applied to the admissibility of digital evidence
by courts. Ensuring the confidentiality of the evidence is important in terms
of the privacy of personal data through the investigation, and the fundamental
rights and freedoms of the suspect. Preserving the integrity of the evidence is
a necessity to be able to prove that the alleged crime was committed by the
defendant. Availability, on the other hand, is an essential for the competent
authorities like judge, lawyer, or prosecutor to examine the digital evidence
during the trial and form the judgment.
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Having the integrity feature of digital evidence will also mean that ev-
idence has the accuracy and reliability. It demonstrates that the data on the
device preserved without any changes since the first acquisition of the digital
evidence (University Of East London and Ay, 2020). By ensuring this feature,
the existing digital evidence does not undergo any changes during all process-
es from obtaining it to its presentation to the court and afterwards during its
storage. Thus, that the originality of the data created by the user can be pre-
served at all stages (Alfred and Scott, 1997).

Since appellate proceedings can take a long time, an environment that
will constantly protect the integrity and especially the authenticity of the dig-
ital evidence should be provided even after the convict (Granja and Rafael,
2017).

Rooting Android smartphones will inevitably cause a change in the target
device. Therefore, since the integrity of digital evidence cannot be protected
by rooting, it can be claimed that it is unlawful evidence.

However, as explained above, it is very important to gain root privileges
for Android smartphones to obtain many user data. Otherwise, the material
truth may not be reached, and the perpetrators may not be punished.

Gaining root privileges of Android smartphones does not corrupt or
change user data. It causes a change only at the system level (Almehmadi and
Batarfi, 2019) (Hassan and Pantaleon, 2017). In addition, after the physical or
logical image of the target device is taken, it is possible to undo the rooting
process and restore the device’s system to its original state.

Processes made in digital forensics operations should be reasonable and
reliable (McKemmish, 2008). Therefore, the analyzes made within the scope
of digital forensics should also have the quality of justifiability, it should
be explained why the root privileges were gained and the user data was not
changed in any way (Montasari, 2016).

In this context, another situation that should be considered is that if it
is possible to reach the material truth with evidence other than digital evi-
dence, it is necessary to be just content with this evidence. Otherwise, the
balance between fundamental rights and freedoms against public interest may
be disrupted. Considering the best evidence rule, the use of digital evidence
obtained because of gaining root privileges can be used as a last resort (Mason
and Seng, 2017). The Turkish Law of Criminal Procedure states that if other
non-digital evidence is sufficient to reach the truth, should be contented with
these non-digital evidence (CMK, 2004).

However, in an investigation, the Android smartphone’s evidential value
is important, and if it is necessary to refer to this evidence in reaching the
material truth, this situation can be overcome with documentation, which is
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the cornerstone of digital forensics. With documentation, it is necessary to
present the digital evidence as a whole by considering all aspects of how it
was obtained and what it relates to (Tenhunen, 1997).Using the “Five Ws”
(and one H) questions, by explanations of where, when, why, who, what, and
how questions, the processes of gaining root privileges can be presented in the
documentation (Cosic and Baca, 2010).

The judge, lawyer or prosecutor may not have sufficient technical knowl-
edge about the authenticity of digital evidence (Montasari, 2016). Although
gaining root privileges does not affect user data, the running principles of the
Android operating system should be effectively disclosed to the court subjects
with the documentation. Thus, it will be efficient to discuss digital evidence. It
is great importance for defense lawyers to have knowledge of the authenticity
of digital evidence. Otherwise, the digital evidence presented to the courts can
be accepted as accurate digital evidence (Roscini, 2016). In this respect, it is
very important for the trial subjects to have basic knowledge of the Android
operating system architecture in terms of reaching the material truth. During
the acquisition of root privileges, discussing whether the limit is exceeded,
and the user data has been modified will help to give an accurate convict.

It has great importance that the user data remains unmodified to ensure
authenticity. In this way, it will be possible to prove that the user data on the
target device was created by the suspect (Antwi-Boasiako and Venter, 2017).
In terms of reaching the material truth, the protection of the authenticity of the
digital evidence is more important than the integrity feature. As a matter of
fact, the integrity is not an absolute condition, but is important in relation with
the authenticity. Therefore, with the authenticity preservation of the digital
evidence, mandatory changes to be made on the digital evidence can be ac-
cepted (Mason and Seng, 2017). Otherwise, if data is obtained from the target
devices by logical acquisition, the rejection of these digital evidence may oc-
cur due to the lack of complete physical image and so integrity feature. Today,
in many digital devices, it may not be possible to take the physical image of
the target device for various reasons such as password protection and lack of
access authorization. Rejecting the obtained logical image, on the ground that
it does not have integrity feature, will cause most of the digital evidence to
be unavailable in trials and so reaching to truth for punishing perpetrators or
acquitting innocents.

In this context, digital forensics experts can reveal that they did not
change any user data by documenting the processes they made while gaining
root privileges, with the timestamps, video recording of the smartphone and
workstation screen, and reporting the processes to the finest detail. Performing
this process with technically competent digital forensics experts, it should be
ensured that the user data part of the target device is not changed, and that the
system part is changed only to gain root privileges so that no damage is caused
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to the operability of the device. In the created documentation, it should also be
explained why gaining root privileges is necessary to access user data. Thus,
the admissibility of digital evidence by the courts will be protected.

The integrity of the evidence must also be protected after gaining the root
privileges, during the chain of custody (Antwi-Boasiako and Venter, 2017).
Since the device will be rooted, different forensic experts should take this
situation into account when analyzing the device. Since experts who do not
know about this situation or do not take it into account may think that their
actions will not be allowed by the target device anyway, and they may cause
loss or change of user data.

One of the principles used for the acceptance of digital evidence in the
United States is the Dauber test method. In this method, the admissibility
of digital evidence is not tied to strict principles, but it is evaluated whether
the accepted scientific methods are applied according to the type of digital
evidence (Montasari 2016). Rooting of Android smartphones has also been
widely used in many academic studies like analysis of TikTok application
(Khoa et al., 2020), analysis of instant messenger applications (Mahajan, Da-
hiya, and Sanghvi, 2013), analysis of Wickr application (Mehrotra and Me-
htre, 2013), acquisition of Android smartphone volatile memory (Yang et al.,
2016). Therefore, it is obvious that rooting is a scientific method in digital
forensics investigation of Android smartphones. So, gaining root privilege is
forensically sound if user data is not modified or lost (Kong, 2015).

Otherwise, if the data obtained by not making any changes in the target
device with traditional approaches, it may cause that many perpetrators cannot
be punished, and justice cannot be established. As explained in the “Introduc-
tion” section, Android smartphones are the most widely used smartphones
in the World, and because these devices are in constant interaction with the
perpetrators, their potential evidence value in a crime committed is quite high.

D. Challenges

Rooting Android smartphones is not a simple process and requires com-
petence. It is obligation to apply different methods according to each Android
operating system version or phone brand and model.

In operating system versions prior to Android 5.0.0, it is possible to gain
root privileges by installing a file that will change the system data over the
bootloader, which will be accessed by using various key combinations during
startup of the device, without the need to unlock the bootloader. However,
unlocking the bootloader is a must for Android 5.0.0 and higher versions.
Once the bootloader is unlocked, it is possible to gain root privileges with a
special recovery system file (like TWRP) to be installed (Skulkin, Tindall, and
Tamma, 2018d).
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Many Android smartphones only permit unlocking the bootloader on the
condition of deleting the data on the device. In these cases, instead of gaining
root privileges by unlocking the bootloader, it is necessary to gain root privi-
leges by finding a different vulnerability. If a different vulnerability cannot be
found, a forensic investigation will have to be made on the data that can be
accessed in a limited way. Unlocking the bootloader may cause the Android
smartphone to crash and not start (soft brick/hard brick), loss of the manufac-
turer’s warranty, and security vulnerability (Skulkin et al., 2018c).

ITI. RESULT AND DISCUSSION

The process of gaining root privileges causes changes only at the sys-
tem files level on the target device. It does not change any user data of the
device. However, this process is not a simple process and requires compe-
tence. In case of an unsuccessful attempt, irrecoverable data loss may occur.
By demonstrating the necessity of gaining root privileges and no user data has
been changed, the admissibility of the digital evidence obtained by gaining
root privileges can be ensured. Thus, this digital evidence will be accepted as
lawful evidence by the courts.

If there is no previous experience in successfully rooting the relevant de-
vice or operating system version, practices should not be carried out directly
on the target device, and root privileges should be successfully acquired on
an exact sample device. The process steps applied in successful acquisition
should be detailed, and the same steps should be applied to the target device to
prevent the user data of the target device from being modified or lost.

For all these reasons, the digital forensics expert to gain root privileg-
es must be quite competent. Whether it is necessary to gain root privileges
should be evaluated by considering the balance between the benefit that is
thought to be gained in terms of each concrete case and fundamental rights
and freedoms. It should be evaluated whether it is possible to reach the ma-
terial truth with any other evidence other than the data to be obtained from
the Android smartphone, and the process of gaining root privileges should be
used as a last resort. Because after gaining root privileges on the device, sys-
tem data will change. If it is necessary to gain root privileges, it should be tried
to gain authority with minimal changes in system files and user data should
not be damaged by any means. While gaining root privileges, it is necessary
to act in such a way that it is possible to undo rooting. (Akarawita, Perera, and
Atukorale, 2015).

If it is possible to reach the material truth with the limited data that can be
obtained on the Android smartphone without gaining root privileges, should
be contented with this limited data. The aim of the Criminal Law is to reach
the material truth, and fundamental rights and freedoms of individuals should
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not be harmed by going beyond this purpose.

IV. CONCLUSION

Smartphones are pocket-sized and the users is constantly interacting with
their smartphones. Android smartphones are dominantly used in the smart-
phone market. For this reason, the potential of the Android smartphones
containing evidence in relation to a committed crime is quite high. It is not
possible to access the directories where Android smartphones store user data
without root privileges. For this reason, even if a logical image is taken with-
out root privilege, many user data will not be obtained. Besides that, the phys-
ical image of the device will not be obtained with software tools. Obtaining
the physical image is very important in terms of digital forensics, since the
physical image also contains data that has been deleted by the user. In tradi-
tional digital forensics approaches, it is foreseen that no changes should be
made to the device. For this reason, gaining root privilege should be used as
a last resort. If it is possible to reach the material truth with other evidence,
should be contented with just other evidence without making any changes in
the Android smartphone. Although gaining root privileges causes changes in
the data on the target device, this change only occurs in system files level.
Therefore, gaining root privileges by competent forensic experts will be effec-
tive in reaching the material truth. At the same time, it can be proven that no
modification has been made in the user data, by documenting every step of the
process of gaining root privileges, supported with video recordings. Thus, the
claim that the digital evidence has been altered can be refuted and its legality
can be preserved.
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INTRODUCTION

Since the energy needs arising from the increase in human population
and the rapid development of technology cannot be met at the same pace by
today’s resources, the efficient use of energy has become the most important
agenda of societies in recent years. In addition, the greenhouse effect caused
by hot gases released due to increasing energy consumption day by day, and
the resulting climate change due to global warming, reveals the importance
of energy use for the future of humankind (Iris and Lam, 2019). Our world’s
dependence on fossil fuels is expected to continue to increase until the middle
of the century. Due to their heterogeneous distribution on earth, more than a
quarter of energy resources and more than half of oil are subject to interna-
tional trade. Although the concern that they will go extinct has diminished, the
competition, especially over oil, will become increasingly harsh. All countries
consider the uninterrupted supply of the energy resources they need at reason-
able prices to be a security problem. As such, the world energy supply system
presents national and international security risks. The fact that more than half
of the surplus oil is in the hands of the Middle Eastern members of OPEC
makes the geography in which Tiirkiye is located strategically important (Ye-
melyanov et al., 2021).

The main way to minimize the production cost in energy-intensive indus-
trial production systems is by minimizing the total energy consumption in the
production systems. The energies used can be in the form of fuels and fuel-de-
rived secondary energies. Energy efficiency should be ensured in converting
fuels, which are energy raw materials, into secondary energy and in the trans-
mission, distribution, and usage stages of secondary energies. The chemical
energy stored in fuels is converted into heat energy through the combustion
process. Thermal energy consists of the sum of work potential (exergy) and
anergy (dead energy). The basic definition of energy efficiency is to benefit
from fuel exergy as much as possible (Utlu and Hepbasli., 2005). In industri-
al energy-saving studies, all inputs of the relevant production system, input
preparation systems, production processes, outputs, and output conditioning
systems are examined in terms of energy and operating economy, and energy,
mass, and mass balances are calculated. Data are determined individually for
all energy usage areas, types of energy used, usage load conditions, the specif-
ic energy consumption of energy-using units, etc. Combustion, thermal per-
formance, functional tests based on input features and energy efficiency tests
are performed on energy-consuming systems and compared with the current
best technological system and energy performance of this system and unit. As
a result of the economic analysis, the annual depreciation expense that will
occur if the existing unit is replaced with new units and the annual monetary
return of less annual energy use that will be provided by the change (Utlu and
Hepbasli., 2007). In this case, nuclear energy, limited fossil fuel resources,
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and the environment, etc., in a situation where energy costs are increasing, are
options that have a significant share in meeting the world’s energy needs. This
type of energy, in addition to meeting energy needs, also promises import-
ant technological development and use opportunities in other areas (Lenzen,
2008).

As of November 2023; approximately 60 reactors are under construction
worldwide and 110 more are planned. Most of the reactors under construction
or planned are in Asia. The decommissioning of older facilities has largely
offset new active facilities in recent years. In the past 20 years, 108 reac-
tors have been retired and 97 have become operational. Today, approximately
440 nuclear power reactors operate in 32 countries besides Taiwan, with a
total capacity of approximately 390 GWe. These provided 2545 TWh in 2022,
approximately 10% of the world’s electricity. Many countries with existing
nuclear energy programs either plan to build or build new energy reactors.
Approximately 30 countries are considering, planning or initiating nuclear
energy programs. Figure 1 shows the distribution rate and capacity of nuclear
power plants worldwide (Operable NPR, 2023).

i

L i )

2,553 TWh

Figure 1. Distribution Rate and Capacity of Nuclear Power Plants Worldwide (Operable
NPR, 2023)

Nuclear power plants depend on external conditions (climate conditions)
like renewable energy power plants, the quality of the fuel like coal power
plants, and the amount of reserves like oil and natural gas power plants. Since
it is not connected, it provides continuity in electricity production. Renewable
energy is safe but unreliable (constant); it is an alternative energy source as
nuclear power plants can be operated continuously, regardless of season and
climate conditions. The wind does not always blow, the sun does not always
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shine, and the rainfall is not always abundant, but the nuclear power plant
always works. Suppose maintenance periods are excluded from 8760 hours a
year. In that case, the nuclear power plant can operate for approximately 8000
hours, but in hydraulics, this is an average of 4000 hours, an average of 3000
in the wind, also the average time in the sun is 2500 hours (Davydov et al.,
2019; TR Energy Ministry, 2023).

When considered as a whole, the nuclear energy production chain is the
cleanest option regarding greenhouse gas emissions. Harmful gases that cause
the formation of greenhouse gases such as carbon monoxide, carbon dioxide,
sulfur dioxide and nitrogen dioxide, released by the burning of fossil fuels,
are not released into the atmosphere while nuclear power plants are operating.
Therefore, nuclear energy can not cause climate change and also plays a ma-
jor role in reducing the concentration of greenhouse gases in the atmosphere.
Today, nuclear power plants cause an annual reduction of approximately 17%
in greenhouse gas emissions from the electricity sector. If electricity was ob-
tained from fossil fuel power plants instead of these power plants, 1.2 billion
tons of carbon would be released into the atmosphere every year (Dinger,
2019).

There are six nuclear power plants in France (Nogent, Dampierre,
Saint-Laurent, Penly, Paluel, Belleville) less than 200 km from Paris. The dis-
tance of the Nogent power plant to Paris is only 90 km. Additionally, there
are fourteen nuclear power plants on the Loire River in France. Despite the
nuclear power plants, an idyllic boat trip along the river with historical castles
is a popular tourist activity. Regarding the impact of nuclear power plants
on agriculture, it is known that the USA, which has the most nuclear power
plants, is the country that exports the most agricultural products in the world,
with 42.8 billion dollars. France is also the second country that exports the
most agricultural products. On the other hand, for Tiirkiye, which is mainly
dependent on foreign sources to meet its increasing energy needs, nuclear
energy is still an option that is not adequately utilized, despite the existence of
some investments started a long time ago. For this reason, nuclear energy is of
great importance for Tiirkiye in terms of ensuring energy supply security and
reducing energy import dependency and current account deficit [§].

OVERVIEW OF TURKIYE’S ENERGY INTENSITY INDEX

Energy intensity is an energy efficiency indicator that measures how
much energy is required to produce one unit of gross domestic product on a
country or region basis. The required amount of energy is calculated from the
primary energy density in terms of total unconverted energy supplied in the
country. Final energy intensity is defined as the energy consumed by sectors
such as industry, housing, and transportation. Trends in energy density are
affected by structural changes in the economy and industry, changes in the
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energy consumption structure, efficiency development of sectors, and devices
and equipment preferred by end users. The density calculated by dividing pri-
mary energy consumption by gross domestic product is called primary energy
density, and the density calculated by dividing final energy consumption by
gross domestic product is called final energy density.

Additionally, primary energy intensity is an energy efficiency indicator
that measures how much energy is required to create one unit of gross domes-
tic product on a regional and country basis (GD-RE, 2023). Tiirkiye’s primary
energy density in 2022 is calculated as 0.132 toe/thousand 2015$, and the
final energy density is calculated as 0.101 toe/thousand 20158$. 6.2% increase
in primary energy intensity in 2022 compared to the previous year; there was
a 7.9% reduction in final energy density. Compared to 2000, primary energy
density was 31.2% and there is a 32.3% improvement in final energy density.
Figure 2 shows primary and final energy intensity data by year (Indicators toe/
thousand 2015%) (GD-RE, 2023).
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Figure 2. Primary and Final Energy Intensity Data by Years (GD-RE, 2023)

Suppose an international comparison is to be made. In that case, Tiirki-
ye’s primary energy density, which is 0.132 toe/thousand $2015 for 2022, is
lower than the world average (0.169 toe/thousand $2015), but remains above
the OECD average (0.097 toe/thousand $2015). The average primary energy
intensity of the European Union countries is better than the OECD and Tiirki-
ye, with 0.086 toe/thousand in 2015$. As of the end of 2022, 46% of Tiirkiye’s
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total electricity capacity and approximately 58% of gross electricity produc-
tion were provided by fossil fuels. As a country that imports almost all of the
fossil fuel oil and natural gas, Tiirkiye’s dependence on these resources caus-
es it to be directly affected by price increases in global markets. Therefore,
Tiirkiye’s need for low-carbon energy transformation is critical to reduce its
dependence on foreign energy and prevent its fragility in the current account
deficit. Table 1 shows the monthly distribution of Tiirkiye’s gross electricity
production according to primary energy sources until September 2023.

Tablel.Monthly Distribution Of Tiirkiye’s Gross Electricity Generation By Primary
Energy Resources (2023)

Unit: GWh JANUARY FEBRUARY  MARCH APRIL MAY JUNE Juy AUGUST SEPTEMBER OCTOBER TOTAL
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Models applied especially to solar and wind energy sources in the last 20
years have enabled Tiirkiye to progress faster than expected in the low-carbon
energy transformation, with the influence of the steps taken by policymak-
ers to combat climate change. Carrying this point to even better levels has
become a goal compatible with the 2053 net zero emission target. Tiirkiye’s
total electricity demand did not show a decrease between 2000 and 2022, ex-
cept for the years 2001, 2009, 2019, and 2022, and it continued its increasing
trend. While the total electricity demand was 306.1 TWh (terawatt hours) in
2020, it reached 329.6 TWh by the end of 2021, with the recovery year after
the Covid-19 pandemic. With the impact of geopolitical developments and
macroeconomic factors, electricity demand decreased by 0.3% in 2022 and
reached 328.7 TWh (TSKB, 2023). Table 2 shows the monthly distribution
of gross electrical energy production in Tiirkiye according to producer or-
ganizations (2023). Tiirkiye’s total installed power, which was around 27.3
gigawatts (GW) as of 2000, reached 105.7 GW by the end of September 2023.
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Incentives given to power plants that produce electricity from renewable en-
ergy sources and domestic resources until 2022 played an essential role in this
increase, and the increasing trend in Tiirkiye’s total installed power continues.

Table 2. Monthly Distribution Of Tiirkiye's Gross Electricity Generation By The
Electricity Utilities

FEBRUARY | MARCH

Unit : GWh JANUARY APRIL

THERMAL

AUGUST

.

1276

SEPTEMBE | OCTOBER | TOTAL

1542

1338 1944 149.1 1591 17,7

95,8 95,6 13530

UNLICENSED HYDRO.
STATIONS WIND 7281 856,4 9742 12466 1450.8 15984 18524 L7024 15408 12588 13.209,0

9902 11686 13957 15764 17578 19702 18300 1.636,7 13544 14.562,0

0,0

1425

276.2 500,0 4994 4400 309,7 246.0 3.457.0

1970 2762 3815 500,0 5155 499,4 4400 09,7 2460 36522
173750 158844 18.846,7

215967 183723 172474 1665950

Between 2012 and 2022, the average annual net increase in installed pow-
er was 4.6 GW. The increase in installed capacity in this period was higher
than the increase in total electricity demand, and one of the biggest reasons for
this is the incentives given to renewable energy plants. The average annual in-
stalled power of renewable energy power plants commissioned between 2012
and 2022 was around 3.3 GW. 80% of the net installed power increase, around
1,891 megawatts (MW) in the first nine months of 2023, occurred from power
plants producing electricity from renewable resources. An increase in installed
capacity of 1,473 MW was provided by solar power plants (SPP), 213 MW
of the total increase came from wind power plants (RES), and 23 MW came
from hydroelectric power plants (HEPP) (TSKB, 2023). Figure 3 shows the
distribution of licensed electricity generation facility investments according to
installed capacity (MWe) for 2023.
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WPP 159,375
BIOMASS 116,171
GEOTHERMAL
SPP 0,000
TOTAL: 332

Figure 3. Distribution of licensed electricity generation facility investments by installed
capacity for 2023 (MWe).

According to Tiirkiye National Energy Plan, considering our country’s
renewable energy potential, renewable energy capacity aims to reach 122.7
GW and its share in the installed electricity capacity to 64.7% in 2035. Ac-
cording to the plan, it is envisaged to reach a capacity of 29.6 GW in wind
(24.6 GW onshore, 5 GW offshore), 52.9 GW in solar, 35.1 GW in hydroelec-
tricity, and a total of 5.1 GW in geothermal and biomass. It is also stated that
battery capacity is expected to reach 7.5 GW in 2035 (TSKB, 2023). In Table
3, the targeted installed power values for 2035 within the Turkish National
Energy Plan framework are given.
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Table 3. Installed Capacity Targeted within the Framework of Tiirkiye National Energy

Plan

Installed Share in Renewable Share in Grand
Power (GW) 2035 (GW) Energy Resources (%) Total (%)
Solar 52,9 43,1 27,9
Hydro 35,1 28,6 18,5
Wind 29,6 24,1 15,6
Geothermal 5,1 4.2 2,7
Biomass
Renewable Total 122,7 100 64,7

Share in Total Gas, Share in Grand
Source 2035 (GW) Coal and Nuclear (%) Total (%)
Gas 35,5 53,0 18,7
Coal 243 36,3 12,8
Nuclear 7,2 10,7 3.8
Grand Total 189,7 100 100

NECESSITY OF NUCLEAR ENERGY FOR TURKIYE

The energy sector is also one of the sectors with the most damaging en-
vironmental impact. Emissions caused by fossil fuel addiction raise local,
regional, and global environmental questions, and these problems are grad-
ually increasing to the extent of climate change. Therefore, it is necessary to
introduce technologies that use these resources more cleanly, to develop and
implement technologies that reduce negative environmental impacts, and, in
part, to gradually move away from these resources and turn to more expen-
sive, renewable energy sources. This is mostly performed by developed coun-
tries with sufficient economic power (Kalair et al., 2021).

On the other hand, we encounter nuclear energy as a type of energy that
does not pollute the atmosphere. However, after the Chernobyl accident,
doubts about the safety of this technology and the resulting intense reactions
are one of the most important problems of this technology. On the other hand,
efforts to inform the public are continuing in countries that have or plan to
have this technology. In order to satisfy the public, it is necessary to convince
the public of the existing solution proposals regarding radioactive wastes re-
sulting from spent fuels and to finalize the efforts to produce solution methods.
Nuclear energy is one of the most important options to be considered if OECD
countries decide to fulfill their Kyoto Protocol obligations.

On the other hand, with the “INPRO Project” being carried out at the
International Atomic Energy Agency (IAEA), studies on the design of an
‘intrinsically safe reactor’ continue. In parallel, IV is being carried out by
ten countries (Argentina, Brazil, Canada, France, Switzerland, Japan, Korea,
South Africa, England) under the leadership of the USA. The first phase of
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the studies on generation nuclear energy systems (A Technology Roadmap
for Generation IV Nuclear Energy Systems) has been completed; 6 nuclear
reactor designs suitable for use in 2030 and beyond have been determined.

Overcoming the inadequacies that the world energy supply is expected
to encounter towards the middle of the century, limiting the negative envi-
ronmental impacts, and repairing them effectively depend on the solutions
that research in the energy field can bring. However, it takes time for techno-
logical research to introduce new products and for these products to become
commercialized and infiltrate the markets. The fact that the sector is already a
slowly changing sector indicates the need to accelerate this research by allo-
cating greater resources. Tiirkiye also has to do its share. On the other hand,
Tiirkiye is dependent on foreign sources due to insufficient own resources,
and this dependency rate is gradually increasing. Therefore, in order to keep
under control the risks arising from dependence on energy imports. It has to
carefully prioritize the energy technology fields in which it can have a chance
to compete, focus on research, and gain an influential place in the internation-
al energy market with contemporary product contributions in the directions
indicated by the driving forces in the energy world. For this reason, there is
necessary and obligation for Tiirkiye to turn to safe, reliable, environmentally
and economically proven technologies in nuclear energy (Tiirbitak, 2003).

Akkuyu Nuclear Power Plant Technical Parameters and Settlement
Area Features

Tiirkiye’s investment targets in nuclear energy started in the 1950s, and
various initiatives have been made since then, but these initiatives have not
turned into investments. In 2010, an intergovernmental agreement was signed
between Tiirkiye and Russia on 12.05.2010 regarding the construction and
operation of a nuclear power plant by Rosatom, a public institution affiliated
with the Russian Federation. Rosatom will install and operate the facility in
the project based on the build-own-operate model. Akkuyu Nuclear Power
Plant (Akkuyu NPP), which is under construction in Giilnar district of Mersin
province, will consist of four VVER-1200 reactors, each with an installed
power of 1,200 MW, and the total installed power of the facility will be 4,800
MW. The first reactor is expected to be put into operation in 2024 (TSKB,
2023).

The total area of the Akkuyu nuclear power plant site is 1023 hectares,
consisting of the project land allocated for the Akkuyu nuclear power plant
construction area, protection dam, western and eastern piers, civil assembly
base, and access roads. Akkuyu nuclear power plant construction site is 125
hectares. The complex power output structures are envisaged to the north of
the Akkuyu nuclear power plant construction site on a terrace within a fenced
area of 14 hectares. Akkuyu Nuclear Power Plant site is located in the southern
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part of Tiirkiye, on the Mediterranean coast (Mersin Province), with a radius
of approximately 3 km. Hills surround the site up to 200 m high. These hills
form the natural border of the nuclear power plant location area in the north
and east directions. The site overlooks Aksaz and Akkuyu-Camalani bays in
the south-west direction (Akkuyu Nuclear Joint Stock Company, 2017).

The main requirements for the selection of the Akkuyu site, which was
allocated for the construction of the first nuclear power plant in Tiirkiye as of
1976, can be summarized as follows:

* Due to the large amount of cooling water and land transportation prob-
lems of heavy components required in Tiirkiye, the facility must be located
on the seashore;

« Site selection studies conducted since 1968 have shown that earthquake
risk is the most critical site selection factor in Tiirkiye. Regarding earthquake
risk, the Mediterranean coastal area is considered one of the safest regions in
Tiirkiye

» The Akkuyu area and its surroundings are one of the most sparsely pop-
ulated areas in Tirkiye, and in addition, the area is not deemed suitable for
developing tourist, agricultural, or industrial activities.

* Due to the favorable meteorological conditions in this coastal region,
the site was expected to have suitable atmospheric dispersion characteristics.

* Since the maximum flood level is not expected to be more than six me-
ters, tsunamis or other floods are not considered to pose a significant danger to
the facility, and the site’s topography has been deemed suitable for construc-
tion at various altitudes.

* The natural drainage direction of surface water and groundwater in the
Akkuyu site is towards the sea and will not likely affect off-site wells. The
location of Akkuyu nuclear power plant reactors is shown in Figure 4.
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Figure 4. Location of Akkuyu Nuclear Power Plant Reactors

A Nuclear Power Plant’s rated electrical power (base load) is defined as
the active electrical power produced at the generator terminals at nominal
conditions. The expected value of the nominal electrical power (gross) for
each Akkuyu Nuclear Power Plant unit under nominal conditions (at 3300
MW reactor thermal power and 22 °C cooling water temperature) is not less
than 1200 MW. Taking into account site requirements and service (cooling)
water resource consumption, the electrical energy consumed for the auxiliary
equipment of each unit of the Akkuyu Nuclear Power Plant is up to 7% of the
generated energy.

Akkuyu Nuclear Power Plant units use a direct service (cooling) water
source flow system with a single circulation of Mediterranean water as the
final heat sink. At a cooling water temperature of 25 °C, the cooling water flow
to the turbine condensers of each nuclear power plant unit is around 254000
m*hour. The total flow of cooling seawater to the turbine condensers, consid-
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ering backup equipment operation, is 272273 m3/h per unit, correspondingly
1089092 m*/h for four nuclear power plant units. The total flow of distilled
water consumption for the technical needs of the facility is 554 m*/hour. Un-
der accident conditions, the total flow of main service cooling seawater to the
safety systems is 8754 m*/hour for each nuclear power plant unit. By operat-
ing the four nuclear power plant units in baseload mode, the expected elec-
tricity output will be up to 35 billion kWh per year. Table 4 gives the essential
technical characteristics of the reference site and the Akkuyu nuclear power
plant unit (Akkuyu Nuclear Joint Stock Company, 2017).

Table 4. Basic Technical Specifications of the Reference Site and Akkuyu Nuclear Power
Plant Unit Parameter Value (Akkuyu Nuclear Joint Stock Company, 2017)

Reference Akkuyu
Facility Nuclear Power
Plant
Reactor thermal energy (at nominal 3200
conditions), MW
Active electrical energy, MW greater than this 1200
value
Parameters of primary and secondary circuits
Cooling water pressure at core outlet, MPa 16,2
(abs.)
Cooling water temperature at the reactor inlet
/ outlet, °C
Reactor coolant flow, m?/s
Steam pressure in steam generators, MPa
(abs.)
Steam flow from each steam generator, t/s
Feed water temperature, °C 225
Maximum new fuel enrichment for U-235, % 4,95
Nuclear combustion of spent fuel 55,8 /59,7
(average/maximum in uncharged fuel
assemblies), MWxd/kgU
12
Operating time of fuel in the reactor core
(in steady-state fuel cycle), years

Number of fuel assemblies in the reactor core 163

298,2/328,9 | 297,2/328,8

86000
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87460
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4,95
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The Importance of Nuclear Energy for Tiirkiye

With the construction of the Akkuyu Nuclear Power Plant, it is aimed to
meet the increasing electricity demand in the country by providing a reliable
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energy source at reasonable prices. The nuclear power plant will contribute to
the diversity of energy resources in the national energy mix. It will help reduce
dependence on imported natural gas and the volatile prices of fossil fuels.
Thus, nuclear energy production is expected to increase the country’s ener-
gy security. Additionally, the facility will provide electricity without carbon
emissions. The construction of the Akkuyu Nuclear Power Plant will greatly
positively impact the macroeconomic and social environment at both regional
and national levels (Akkuyu Nuclear Joint Stock Company, 2017).

Across the European Union, a significant amount of resources is allocated
to developing nuclear power plants, and nuclear capacity is expected to be
increased by 2030, most of which will be the renewal of existing capacity.
There are no restrictions on using nuclear power plants within the European
Union. The increase in oil and natural gas prices and limitations in carbon
dioxide emissions are increasing the tendency towards nuclear energy again
(Yolcan, 2023). It is inevitable for Tiirkiye to invest in nuclear energy in order
to protect itself from the extreme risks brought by dependence on imported re-
sources. Considering the limited domestic resource potential and environmen-
tal impacts, it is seen that activities are continuing to complete the necessary
technical and legal infrastructure studies to ensure that nuclear power plants
take their place in the supply portfolio.

According to the Mining Technical Exploration Agency, the proven tho-
rium reserve in Tiirkiye is 380,000 tons. According to OECD and IAEA, the
thorium reserve in Tiirkiye is at least 744,000 tons, and Tiirkiye has the second
largest thorium reserve after India. Compared to uranium, thorium-uranium
mixed fuels appear to produce less plutonium. In addition, these fuels can
operate at a high burn rate, extending the fuel’s residence time in the reactor
and the fuel reload period, increasing the facility capacity factor. Considering
the high thorium reserves in Tiirkiye, turning to technologies in this field will
significantly reduce our foreign dependency on energy (Dinger, 2019). The
share of initial investment expenses in the total cost of nuclear power plants
is high. However, the share of operating and fuel expenses is higher than that
of a natural gas power plant. In this case, sudden changes in fuel costs have
little impact on the unit cost of electricity produced from the nuclear power
plant. In a natural gas power plant, even the slightest change in fuel costs can
significantly increase the cost of electricity (Jurakulov, 2023).

CONCLUSION AND RECOMMENDATIONS

The three main pillars of the energy sector are fossil fuels, nuclear energy,
and renewable energy. Making the energy system more flexible, diversify-
ing resources locally, increasing renewable energy production capacities, and
providing cheap, sustainable energy are among Tiirkiye’s priority issues. Nu-
clear energy is seen as an essential alternative on a global scale, together with
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new and renewable energy sources, for controlling greenhouse gas emissions
and emissions arising from energy production within the scope of the Frame-
work Convention on Climate Change, to which Tiirkiye has been a party since
2004. It is observed that many European countries prefer nuclear technology.
Nuclear energy is of great importance for Tiirkiye in terms of ensuring energy
supply security and reducing energy import dependency and current account
deficit.

To this end,

- Introducing R&D and domestic manufacturing obligations in interna-
tional agreements regarding Renewable Energy Resource Areas Model Appli-
cations and nuclear power plants

- To develop evaluation criteria for new-generation nuclear reactor tech-
nologies and to apply

- Acquiring materials, control systems, and manufacturing technologies
for nuclear technology.

- In addition to electricity production, hydrogen production, industrial
heat production, and seawater purification, the development of nuclear reactor
technologies for applications

- Regarding the conversion of long half-life nuclear fuel wastes into short
half-life wastes, the development of technologies

- The work on the renewal of the legislation regarding improving infra-
structure in the nuclear field, and in this context, institutional and legal regu-
lations, must be completed to establish independent organizations in nuclear
safety and radiation safety. In conclusion, it should accelerate investments that
will ensure energy supply security, such as establishing an advanced natural
gas storage infrastructure, increasing electricity production from domestic and
renewable resources, including nuclear energy in the energy production port-
folio, commissioning new global oil and natural gas pipelines, and projecting
alternative energy sources.
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INTRODUCTION

Engineering is a multidisciplinary approach that uses principles of sci-
ence and mathematics to solve technical problems, designing and improving
systems, and applying these solutions as a service. At its core, it aims to im-
prove life, simplify tasks, enhance efficiency, and develop sustainable solu-
tions. Theoretical knowledge merges with practical applications to drive inno-
vations and technological advancements across various fields. In the process
of creating solutions to complex problems and fostering innovation, numerous
parameters play a significant role, among which the choice and features of
materials are paramount. When considering the entirety of a good engineering
process, including the importance of materials, we observe that:

e Design and Functionality: Engineering projects serve specific pur-
poses, and the properties of the materials used directly affect the outcome of
the work. For instance, in the construction of a structure, the materials used
directly impact its structural integrity, durability, and safety. Therefore, the
behavior of the structure in adverse scenarios, as well as the engineering ob-
jectives and their impact on human life, are dependent on this. Similarly, the
correct choice of materials for more complex applications, such as the fatigue
resistance of airplane parts or the biocompatibility of biomedical implants, di-
rectly affects the functionality of the product and the value it offers to the user.

e Durability and Safety: Materials play a critical role not only in struc-
tural strength but also in ensuring longevity. The right choice of materials can
provide resistance to environmental factors, wear, and fatigue, thus making
structures and devices safer and more durable over time.

e Sustainability and Environmental Impact: The choice of materials also
affects the environmental footprint of a project. Factors like energy efficien-
cy, reusability, and ease of recycling are crucial in minimizing environmental
impact. Moreover, the use of materials obtained from sustainable sources or
those consuming less energy enhances environmental sustainability. There-
fore, in an engineering scenario, using materials with characteristics beyond
the expected requirements is unnecessary and leads to wastage.

o Aesthetics and Design Flexibility: In architectural and industrial de-
sign processes, the right choice of materials is crucial for aesthetic appeal and
user experience, hence playing a significant role in aesthetics and design flexi-
bility.

e Cost-Effectiveness: Considering today's limited resources, the cost of
materials holds a significant share in the total budget of a project. Selecting
cost-effective materials generally reduces overall costs, but it is essential to
make a balanced choice that does not compromise performance and quality,
which is a major skill in engineering.
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e Machinability and Applicability: The manufacturing of certain de-
signs may require special processing or production techniques. In such cases,
the machinability and applicability of the chosen material can affect the prac-
tical implementation of the design.

e Innovation and Technological Development: The discovery of new
materials, their forms, or the improvement of existing ones, can enable inno-
vation in engineering. This may facilitate engineering applications that were
previously impossible to realize.

Design &
Functionality

Safety &
Durability

Machinability

Engineering
Process

Aesthetic

Figure 1. Graphic Abstract of Basic Engineering Process.

To meet the expectations summarized in the above Figure 1, and consid-
ering only material selection in the engineering process, material classifica-
tions can be considered. Metals for high strength and conductivity, ceramics
for high temperature and corrosion resistance despite their brittleness, poly-
mers for their lightness and easy molding, elastomers for high flexibility, com-
posites formed from different materials, or advanced materials can be selected
depending on the situation. After classification, the correct selection of mate-
rials based on technical properties like strength, hardness, flexibility, fatigue
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resistance, corrosion resistance, thermal conductivity, electrical conductivity,
density, low temperature tolerance, and thermal expansion becomes crucial.

In the fascinating world of engineering, especially in sectors like biomed-
ical, automotive, aerospace, and defense industries, which require high-per-
formance products and advanced engineering applications with strict criteria,
the use of titanium material has been notably increasing in recent years [1].
The recent popularity of titanium metal in these sectors is due to its physical
and chemical properties, making it an ideal material for various industrial ap-
plications, with some of its notable properties being as follows [2]:

e Lightness and High Strength: Titanium is known for being lightweight
yet extremely durable, offering a significant advantage in areas such as aero-
space, high-speed automobiles, and other fields where structures need to be
strong yet light.

e Resistance to Corrosion: Titanium is renowned for its high resis-
tance to corrosion. When it comes into contact with oxygen, it forms a dense,
non-porous passivation layer that protects titanium from further oxidation,
making it highly resistant to corrosive environments such as water, salt solu-
tions, and some acids. This property makes titanium an ideal material for use
in special conditions and harsh environments.

e High Fatigue Resistance: Titanium maintains its strength even un-
der long-term use and dynamic loads, possessing high fatigue resistance. This
makes it an excellent choice for long-lasting structural components.

e Biocompatibility: Titanium is biocompatible with the human body,
making it a common choice for biomedical applications such as medical de-
vices and implants.

e Thermal Treatment and Surface Properties Enhancements: The prop-
erties of titanium can be enhanced with thermal treatments to reduce internal
stresses and increase ductility, as well as various surface properties, thus ex-
panding its range of applications.

e Chemical Composition and Standards Compliance: The physical
structures and chemical compositions of various titanium alloys can be pro-
duced in accordance with international standards, making them more compet-
itive in the global market. Examples of these standards include ASTM F3001,
ASTM B348, ASTM F3302, and ASTM F136 [3].

With the above properties, titanium holds a significant place in engineer-
ing for solving important problems. However, it also has some disadvantages:

e High Cost: Titanium is a relatively expensive material.

e Machining Difficulty: It is difficult to machining, requiring special
tools and techniques for manufacturing. Additionally, titanium is prone to
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overheating during machining.

However, the high cost and machining difficulties of titanium are major
factors that significantly limit its use. Considering these disadvantages, it is nec-
essary to use titanium in as small a quantity as possible. Additionally, minimiz-
ing the machining of titanium can help reduce the impact of these disadvantag-
es. Taking these two factors into account, additive manufacturing technology
becomes prominent. Figure 2 below shows a 3D metal additive manufacturing
printer capable of producing parts using titanium metal powder [4].

r

EOS M 400-4

Figure 2. Metal 3D Printer
(EOS M 400-4 Series The Ultra Fast Four-Laser System)

The method of metal additive manufacturing aims to produce a part that
is as close to its final shape as possible, excluding the application of final
tolerances. Being close to the final shape reduces the need for machining and
indirectly prevents material wastage. However, a significant capability of ad-
ditive manufacturing, which can potentially save a large amount of material,
is the production of designs with complex internal structures and voids [5].

To create these designs, the implicit modeling technology adopted by
nTopology software can be used [6], [7]. When advanced design tools for
sophisticated engineering, like the nTopology software, are used, topology
optimization of an engineering part can be done, or complex lattice structures
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can be created for desired porosity [8]-[10]. Based on the “SIMP” algorithm,
topology optimization ensures that material is only present where needed
within the design space [11]. With “Field optimization” technique, weak areas
in lattice structures are automatically enhanced by the software in accordance
with specific constraints and objectives [12], [13]. When the structural integ-
rity of the designed parts is confirmed through analyses, the desired strength
can be achieved with the least amount of material [ 14]. In this way, optimizing
the amount of titanium metal powder used can potentially lead to significant
reductions in material costs.

A specific challenge that can arise with Additive Manufacturing is due
to the working principle of this technology. Since it fabricates in a layered
manner, if the design of the manufactured part or its orientation during manu-
facturing is inappropriate, the amount of required support structures increases.
This situation contradicts the principle of material saving, so the orientation
during manufacturing must be carefully considered. Additionally, it is nec-
essary to design according to the rules of DfAM (Design for Additive Man-
ufacturing) [15], [16]. Apart from the removal of support structures and the
necessary final surface treatments on required parts, the post-processing needs
of titanium materials can be reduced. From these perspectives, titanium metal
powders have ideal characteristics for additive manufacturing applications.
Below, Figure 3 provides a Scanning Electron Microscope (SEM) image of
titanium metal powder [17].

s N -' ] L 70 ~ .
el d N 1P
Figure 3. SEM picture of EOS Titanium Ti64 Grade 23 powder.

Titanium metal powders can be produced in specific morphologies and
particle sizes suitable for modern manufacturing techniques like 3D printing
and powder metallurgy. This allows for their broader application in engineer-
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ing. Consequently, titanium and the additive manufacturing process represent
a continuously evolving technology in the fields of engineering and manu-
facturing, standing at the forefront of a revolution and opening new horizons.

Below, Figure 4 displays some innovative designs created using optimi-
zation techniques that can be produce with additive manufacturing [18], [19].
In this context, the use of titanium metal powders in additive manufacturing
for producing innovative designs holds the potential to create a revolution
across various sectors.

Figure 4. Innovative Designs

At this point, where the production of high-quality titanium metal pow-
ders is necessary and extremely important, plasma atomization, an effective
and advanced method, is used to obtain titanium powders that meet specific
standards and desired properties. The key features of different stages in the
Plasma Atomization process are as follows:

e Wire Usage: The use of titanium in wire form allows for excellent con-
trol over the process for consistent particle size distribution and standardiza-
tion between productions at different times.

e Prevention of Contamination and High Purity: The metal wire does
not contact any solid surface, ensuring the production of a high-purity prod-
uct and preventing contamination.



192 - Ahmet DAYANC, Mustafa GULESEN

e Reactor Preparation: Before each production process, the reactor is
vacuumed, and then it is conditioned with high-purity argon to minimize the
oxygen content that could react with the titanium powder being produced.

e High-Energy Plasma Source: The titanium metal wire used in plas-
ma atomization is made from pure molten material and is initially melted us-
ing a high-energy plasma torch. The liquid state of the metal at this stage is a
pre-process for the subsequent atomization.

e Atomization and Cooling Phase: The melted titanium metal is pulver-
ized by a high-velocity gas flow ejecting from the nozzle. At the end of this pro-
cess, the melt rapidly solidifies and forms the desired spherical metal powders.

e Low Concentration of Suspended Particles: The concentration of sus-
pended particles in the reactor chamber is kept low. This prevents the forma-
tion of satellites and resulting in spherical powders with excellent flow charac-
teristics.

e Powder Size and Sieving: The size distribution of the produced pow-
der ranges from 0 to 150 pm, with most of the powder typically in the range of
0 to 100 pm or 0 to 75 pm. The produced powder can be sieved according to
the needs of the users.

Below, Figure 5 shows a schematic of the method [3].
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Figure 5. Schematic View of Plasma Atomization

Plasma atomization provides desired results in terms of particle size and
morphology of the powder, making it an ideal manufacturing method for the
production of powders to be used in applications like additive manufacturing
and powder metallurgy. Additionally, since the liquid metal does not come
into contact with refractory metals or other solid materials during the pro-
cess, contamination of the powder is reduced, thereby achieving high purity.
However, when dealing with reactive metals like titanium, the use of inert
gases such as argon and reducing the oxygen level in the production environ-
ment, i.e., atmospheric conditioning, is crucial. This helps prevent oxidation
and maintain the chemical composition [20]. Critical parameters affecting the
plasma atomization process include the plasma torch, pulverization process,
reactor chamber, atmospheric conditioning, wire feed mechanism, and powder
collector. Below, Figure 6 provides a view of the observation window [21].
Below, Figure 7 presents a visual related to the wire feeding mechanism [22].

- 193
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Figure 7. Wire Feed System

Below, Figure 8 shows a powder produced by plasma atomization [3].
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Figure 6. Metal Powder

RESULTS AND CONCLUSION

This study focuses on the production of titanium metal powders using the
plasma atomization method and their importance in sectors like aerospace,
automotive, biomedical, and defense industries. Titanium is frequently pre-
ferred in various fields due to its lightness, high strength, superior corrosion
resistance, durability, and biocompatibility. However, its high cost and ma-
chining difficulties are factors that limit its use. This study indicates that addi-
tive manufacturing technology has the potential to mitigate these disadvantag-
es. This technology enables the production of designs with complex internal
structures and voids, leading to less material usage and reduced post-process-
ing requirements. Furthermore, the critical role of plasma atomization in pro-
ducing titanium powders necessary for the additive manufacturing process is
highlighted. This method precisely controls the particle size and morphology
of powders, producing high-purity powders ideal for additive manufacturing.
The control of atmospheric conditions using inert gases and the prevention of
oxidation are critical steps in this process. In conclusion, this study thoroughly
examines the value of titanium in engineering and the effectiveness of plasma
atomization in powder production, highlighting the potential of additive man-
ufacturing to reduce the disadvantages of titanium.
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1. Introduction

This study #8cuS¥58h FRVURS e fapizhd A 5 rious materials using mag-

netic testing methods. The fundamental understanding of magnetic properties
such as magnetic field characteristics, permeability, and reactivity of these
materials is crucial in advancing technological innovations and ensuring the
reliability and efficiency of devices employing these materials [1]. Non-con-
tact magnetic testing methods serve as effective techniques for evaluating the
internal structure and quality of materials. These methods are employed to
identify surface defects and cracks in response to magnetic fields, determine
intrinsic properties through magnetic permeability measurements, and detect
different types of flaws using magnetic reactivity measurements [2]. In this
study, we delve into these testing methods, which find critical applications
in areas such as material quality control, reliability analysis, and durability
tests in industrial settings. Non-contact magnetic material testing methods are
precise techniques that can be rapidly and effectively integrated into produc-
tion processes. The characteristics of these methods play a significant role in
enhancing the reliability and performance of materials in the fields of material
engineering and industry.

2. Magnetic Permeability Measurement

Magnetic permeability refers to how well a material transmits a mag-
netic field and plays a critical role in electromagnetic applications. Magnetic
permeability properties of materials may vary depending on different factors.
In the literature, 3Cr-1Mo-0.25 V steel has been studied with various heat
treatment procedures and grain size changes, and magnetic permeability has
been found to be inversely proportional to mechanical properties. Additional-
ly, other properties such as electrical resistance and ultrasonic speed also re-
flected the effects of heat treatment procedures [3]. In another study, magnetic
characterization of high-quality commercial steels was investigated using cut
drilling and water jet technologies. This study analyzed magnetic properties
such as magnetic permeability, total energy losses, coercive field and resid-
ual magnetic polarization and investigated the effect of cutting technology
on these properties [4]. Moreover, techniques like decarburization annealing
and cold rolling have been employed to enhance the magnetic characteristics
of electrical sheet steels, with optimized grain size being linked to magnet-
ic permeability. The impact of various processes on magnetic properties was
assessed by evaluating the percentage of cold rolling in different scenarios
[5]. Finally, magneto-mechanical characterization examined the magnetic be-
havior of the material under the plastic deformation level and applied stress.
It has been observed that the magnetic behavior of the material deteriorates
under plastic deformation, and this behavior is associated with internal stress
and dislocation density [6]. These investigations play a crucial role in compre-
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hending and enhancing the magnetic properties of materials, offering valuable
insights applicable across various areas of application.

2.1. Magnetic Permeability Measurement with Magnetic Current
Probe

Developments of soft magnetic materials fabricated using laser powder
bed fusion (L-PBF) have been reported. Fe-49Co-2V powder was produced
by gas atomization and printed in the L-PBF device. Very low porosity was
achieved using optimized parameters during the process [7]. The magnetic
properties of the materials were assessed through quasi-static direct current
and alternating current measurements conducted at various frequencies and
magnetic flux densities. Additionally, the mechanical properties were eval-
uated through tensile tests. The effect of heat treatment cycles on magnetic
properties was investigated. Additionally, the effect of the stress state creat-
ed by the cutting process of ferromagnetic cores during production on their
magnetic properties was examined. Plastic deformation of the steel during the
cutting process caused deterioration in magnetic properties, and releasing this
deformation led to further deterioration [8]. In another study, the surface mi-
crostructure of Fe-3 wt%Si alloy was modified by surface mechanical etching
and the efficiency of Si penetration was increased. This change affected the
magnetic and mechanical properties, reduced core losses, especially at high
frequency, and increased ductility. Additionally, magnetic field structure and
magnetostriction were measured [9]. These studies provide important infor-
mation regarding the production and characterization of magnetic materials,
and this information can be used in applications such as energy efficiency.

2.2. Magnetic Permeability Spectroscopy

In the literature, comprising Fe powder insulated by Ni-Zn/Cu-Zn fer-
rite nanoparticles, soft magnetic composites were joined with boron-modi-
fied phenolic resin at varying resin-ferrite ratios and iron volume contents.
The magnetic, electrical, and mechanical characteristics of these composites
were examined and contrasted with samples containing iron and resin. With
the effect of ferrite nanoparticles, an interaction was observed that maintains
the continuity of the magnetic flow and improves the magnetic properties.
Magnetic properties include differential and irreversible permeability, coer-
civity, power losses, and high DC bias stability. Additionally, high electrical
resistivity and complex permittivity spectra are also notable features. These
spectra provided stability at high frequency. In conclusion, this study shows
that magnetic composites modified with ferrite nanoparticles have several im-
portant properties [10].
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3. Magnetic Field Distribution Measurement

By measuring the distribution of the magnetic field on the material, it is
possible to evaluate the magnetic properties of the material. Such measure-
ments can provide information about microstructures, stresses and deforma-
tions within the material. In the literature, alternating magnetic field aging
testing examined its effect on the mechanical properties of AA2219 aluminum
alloy. The investigation, employing TEM analysis, Vickers hardness measure-
ment, and mechanical tensile testing, demonstrated a notable enhancement in
the microstructure and mechanical properties of the alloy through the magnet-
ic field aging process. A conventional aging test was used as a benchmark to
illustrate the impact of magnetic field aging on the material’s microstructure
and properties. The solid solution process was first carried out at 535°C for 35
minutes. Subsequently, the oscillating magnetic field was sustained at a tem-
perature of 175°C, operating at a frequency of 50 Hz and an intensity of 0.5
T. The schematic diagram is shown in Figure 1 [11]. Moreover, an exploration
was conducted to examine the influence of filler content and concentration
on the structural, electrical, mechanical, and electromagnetic shielding effec-
tiveness (SE) in hybrid composites consisting of epoxy, graphene, and nickel
ferrite. In this study, dielectric and magnetic loss enhancement was attempted
by adding magnetic nanoparticles of nickel-ferrite. Within this investigation,
the influence of filler content and magnetic alignment on SE was scrutinized
and deliberated upon across the frequency range of 8.2-12.4 GHz [12].

Figure 1. Schematic diagram illustrating the stages of the magnetic field aging
process used in the study of AA2219 aluminum alloy, highlighting the combination of
temperature and magnetic field applications (1. test sample, 2. magnetic field generator,
3. aging oven, 4. voltage regulator, 5. AC power) [11].

The effect of high magnetic field (HMF) on the solidified microstructure
of Cu28 wt%Ag alloys was also studied. Application of HMF increased the
local microhardness in pre-eutectic Cu regions as it increased the growth rate
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of Ag precipitates and caused changes in Ag morphology and concentration.
Additionally, HMF increased electrical resistance but decreased hardness and
tensile strength [13]. As a result, there are a number of studies in the literature
in which the magnetic field plays an effective role on the properties of mate-
rials and this effect is investigated using various analysis methods. The mag-
netic properties of the electrical steel sheet used in motor cores were affected
by mechanical stress due to the adverse effect of magnetostriction [14]. Ad-
ditionally, in this study, the detrimental effect of material processing steps on
the magnetic, mechanical and microstructural properties of silicon alloy steel
was investigated. Forming processes and mechanical tensile loads occurring
during machine production with both water jet and guillotine cutting were ex-
amined. Mechanical processes such as guillotine cutting have induced internal
stresses that change external magnetic material properties such as coercivity
and residual induction. In comparison, waterjet cutting causes smaller residual
stresses. Attention has been paid to the effect of magneto-crystalline anisot-
ropy, that is, the effect of the cutting direction relative to the rolling direction
[15]. Additionally, in this study, the synthesis of aluminum-based magnetic
hybrid composites using volumetric iron nanoparticles, nickel nanoparticles
and carbon nanotubes was examined. The results obtained evaluated the mag-
netic and mechanical properties of different compositions [16]. Ongoing prog-
ress in additive manufacturing and magnetoelectric composites has resulted in
the production of materials that exhibit flexibility and are suitable for wear-
able electronic applications. Surprisingly, the inclusion of magnetic particles
had a negligible impact on the mechanical performance of the composites,
contrary to expectations based on mixing rules. Notably, the introduction of a
mere 2 wt% of polyvinylidene difluoride (PVDF) significantly enhanced both
the mechanical and magnetic properties of the composite samples, leading to
a 25% increase in ductility and over a 160% improvement in magnetization
compared to their PVDF-free counterparts [17]. Furthermore, high entropy
alloys of Al CoFeNi and CoFeNiSi_were synthesized, varying the mole ratios
of Aland Si (x=0, 0.25, 0.5, 0.75, and 1). Figure 2 illustrates that a high molar
ratio of Al induces a transition from the FCC structure to the BCC structure,
while increased Si content results in the formation of new compounds. The
incorporation of both Al and Si contributes to heightened yield strength and
hardness. Analysis of magnetic properties and hysteresis loops confirms the
ferromagnetic behavior of these alloys. The saturation magnetization experi-
ences a decline from 151.3 emu/g (x=0) to 101.8 emu/g (x=1) with variations
in Al content and decreases from 151.3 emu/g (x=0) to 80.5 emu/g (x=0.75)
with Si addition. Notably, Si addition has a more pronounced effect on re-
ducing saturation magnetization compared to Al addition [18]. It is aimed to
compress pure aluminum (Al) powder in the radial direction using the elec-
tromagnetic forming method. First, pure Al powder was placed inside the Al
tube and then tightly sealed with end plugs. He created magnetic fields using
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a copper solenoid coil to create Lorentz forces. These forces are achieved by
high current passage through the solenoid coil and induced impulse current
in the adjacent tube. The magnetic field pressure acting in the radial direction
changed the shape of the Al tube, thus forming a dense Al compact. Addition-
ally, the Archimedes principle was used to determine the density of samples
sintered at various energies, and Brinell and Vickers hardness testers were

used to perform hardness tests on normal sections [19]
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Figure 2. Magnetostrictive curves of (a) Al CoFeNi and (b) CoFeNiSi_alloys [18].

The properties of nanotwinned materials have garnered significant in-
terest across various research fields due to their numerous advantages. In this
research, the origin and effects of twin defects in the nanoregime are eluci-
dated through modeling, experiments, or both. Recent research focusing on
coupling has helped better understand changes in material properties (such as
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electrical, mechanical, optical and magnetic properties) and has led to metallic
semiconductor materials. Hysteresis loops showing the magnetic moment of
carbon-coated platinum nanoparticles in a given magnetic field at different
temperatures are presented in the research [20]. As shown in Figure 3, the
effects on the magnetization behavior and electrical conductivity of hybrid
Ni-graphene polyimide nanocomposites in the direction of the magnetic field
were examined. The in-plane tensile modulus of polyimide increased with the
addition of 0.16 vol% Ni-graphene to polyimide, and the tensile strength of
Ni-graphene nanocomposites was doubled compared to pure polyimide [21].

(a) (b)

No Magnetic Field - -

F.3

- -

Figure 3. Schematics of Ni-graphene orientation in polyimide film; (a) without
magnetic field, (b) with magnetic field [21].

3.1. Hall Effect Measurement

In the literature, there are experimental tests and numerical results ex-
amining reverse magnetostrictive effects on electrical steel samples. The
presence of a magnetic field induces elastic deformation, and alterations in
mechanical stresses result in changes to magnetic properties. Increasing me-
chanical stresses cause the material to contain more flux density. Additionally,
numerical results helped us identify field variables at any point within and out-
side the sample. Hall probe was used to measure the magnetic field strength
outside the sample, and the field strength was measured at several points at
a distance of 2 mm, 5 mm and 20 mm from the sample, according to ASTM
standard V3.04 A341. Figure 4 shows the path passing through the sample
with the Hall probe. The curve was extracted to estimate the field strength in
the sample [22].
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Figure 4. The path through the sample with the Hall probe [22].

3.2. Magnetic Field Mapping using Magnetic Field Sensors

In ferromagnetic materials, the interaction of magnetic domain walls
with the microstructure occurs through dislocation mechanisms. The mag-
netic properties of these materials often correlate with mechanical attributes
like hardness and strength, forming the foundation for micromagnetic ma-
terial characterization. Given that interactions at the electron spin level are
contingent upon molecular structure and dictate magnetic behavior, a similar
relationship is postulated for para- and diamagnetic materials in terms of their
magnetic and mechanical properties. Limited information is available regard-
ing the mechanical properties and magnetic susceptibility of non-ferromagnet-
ic materials like graphite, aluminum, and plastic. A magnetic sensor principle,
relying on force, has been suggested for imaging susceptibility in materials of
this nature. The susceptibility imaging sensor designed for paramagnetic and
diamagnetic materials has been developed and validated through testing on
numerous practical examples [23]. Figure 5 displays a prototype of a magnetic
force sensor, which is a capacitive sensor used to measure the deflection of a
cantilever bearing a sensing magnet. The cylindrical detection magnet, with
dimensions of 10 mm in height and diameter, is positioned perpendicular to
the magnetic field surface.

(a) RN

Top view with

cantilever capacitive sensor
meander scan
path
Q ¥ - magnet
§ o —
N

Figure 5. Magnetic force sensor installation [23].
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In another study, an autonomous two-state MEMS sensor was proposed.
This sensor achieves bistable behavior using a piezoelectric cantilever beam
equipped with two oppositely magnetized permanent magnets. This beam
switched between two stable equilibrium states through magnetic force due
to the interaction of magnetic fields and electric current. Measurement of AC
electric currents was carried out by the number of commutations of the two-
state structure based on the current magnitude. This sensor is capable of har-
vesting its own energy and offers internal digital output [24]. In this study, the
properties of biomimetic ferrogels were examined through synthesis and their
mechanical, electrical and magnetic properties were comparatively analyzed.
Additionally, a magnetoimpedance sensor prototype with multilayer Fe-
Ni-based sensitive elements was developed [25]. The developed piezoelectric
magnetostrictive smart composite consists of a distribution of single-walled
carbon nanotubes and magnetostrictive Terfenol-D nanoparticles. Numerical
studies examined the piezoelectric and magnetostrictive self-sensing respons-
es of this composite, and its physical characterization was also carried out by
tensile tests. In particular, it was found that increasing the volume fraction of
Terfenol-D nanoparticles affected the magnetization and the optimum change
was at 0.35% volume fraction [26]. Induction heating method has been devel-
oped by adding various ferromagnetic and electrically conductive particles
into polymeric matrices for heating purposes. Different particle materials and
frequency levels were used in the experiments, and mechanical characteriza-
tion of these materials was carried out. It has been observed that the heating
effect depends on the material type and frequency, and it has been determined
that ferromagnetic particles such as iron and magnetite give the best results
[27]. Hydrogels with reversible cross-links containing magnetite nanoparti-
cles were developed and these hydrogels were cross-reassembled using mag-
netic fields. These hydrogels have been used for multifunctional biosensor
applications [28]. The mechanisms and applications of shape memory poly-
mers activated by temperature, magnetic fields and other stimuli have been
examined [29].

4. Magnetic Reactivity Measurement

Magnetic reactivity measurements can be used to evaluate how the mate-
rial responds when a magnetic field is applied. The magnetic properties of the
material can be related to mechanical properties and deformations.

4.1. Hysteresis Curve Measurement of Ferromagnetic Materials

BiZSrzCaCuzAngy samples with small amounts of Ag were studied
and the effect of Ag was examined. The impact of Ag doping was explored
through examinations involving electrical resistivity, scanning electron mi-
croscopy, X-ray diffraction (XRD), mechanical testing, and dc-magnetization
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techniques. The results revealed that even a minor amount of Ag doping mark-
edly enhanced both the physical and magnetic properties of the samples. The
samples with 0.05 Ag doping exhibited the highest critical current density
(Jc) values. Additionally, magnetic hysteresis loops were performed in applied
external fields on all samples at 15 and 25 K [30]. Finally, the magnetoelas-
tic effect in truss structures made of 13CrMo4-5 steel was examined. Mag-
netoelastic windings integrated into the beams using magnetic circuit lattice
construction were used to study the internal stresses of the beams. During
these magnetoelastic measurements, three element samples were placed on
the beams and placed under the truss mechanical load. While the shape of the
magnetic hysteresis B(H) loops was related to the strain, the force was calcu-
lated based on the magnetic induction measurement. These calculations are
combined with mechanical properties to determine whether internal stresses
in the beam pose a threat to the structure [31]. Also, b.c.c. Fe-Ga alloys have
offered a great development in the field of magnetostriction, and magneto-
striction studies have expanded further thanks to Fe alloys that do not have
a certain stress limit. Ferromagnetic shape memory alloys have high ener-
gy conversion capacity as magnetomechanical sensing materials. Therefore,
magnetostriction and magnetomechanical sensing research has been empha-
sized as being of great importance for advanced technology applications [32].
Nanocomposites offer the perfect combination of magnetic and conductive
properties and can be used in a variety of applications. Additionally, modeling
and examining experimental data on magnetostriction has helped to better
understand the magnetomechanical properties. As shown in Figure 6, the ef-
fect of applied mechanical stresses and frequency on the magnetic hysteresis
of ferromagnetic sheets has been studied with magneto-mechanical models.
The results were obtained in accordance with the experimental data in the
literature [33].
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Figure 6. (a) Effect of mechanical stress on hysteresis loop, (b) Variation of magnetic
hysteresis with mechanical stress [33].

In another study, the synthesis of double perovskites with the general
formula A,BB’O, was studied. The magnetic, electronic, elastic and thermo-
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electric properties of Ba,NiMoO, were studied using density functional theory
and Monte Carlo simulations. In this material, which exhibits antiferromag-
netic insulator behavior, it has been found that the antiferromagnetic order is
explained by superexchange processes between Ni** orbitals. While the elastic
properties of the material show high mechanical stability and ductility, mag-
netic and magnetocaloric properties have also been investigated [34]. Further-
more, a research investigation was carried out to characterize how magnetic
losses are influenced by mechanical stress. The relationship of two different
magnetic loss components with mechanical stress is explained and, in particu-
lar, it is stated that two loss coefficients are defined [35]. A different scientific
research contributes to the synthesis of different materials and understand-
ing their properties. The sensitivity of ferromagnetic materials to mechani-
cal stress is critical to the performance of electrical machines. In this study,
the magnetic properties of a conventional electrical steel containing 2.4% Si
were examined in terms of the effect of tensile and compressive stress. The
relationship between anisotropy and mechanical stress was determined, and
hysteresis loops were shown comparatively at 0°, 45° and 90° angles, 50 Hz
and 1.0 T, with 50 MPa and 100 MPa tensile loading [36]. In another study,
nanocomposites were produced using magnetic hexaferrite nanoparticles and
epoxy resins, and the morphological, thermomechanical and dielectric prop-
erties of these nanocomposites were examined in detail. The data showed that
the electrical and mechanical properties of the nanocomposites improved with
the distribution of nanoinclusions and increasing filler concentration, proving
that these materials have ferromagnetic properties at room temperature. Addi-
tionally, the magnetic hysteresis loops of BaFe ,O ; and SrFe ,0 j nanoparti-
cles were also examined [37]. In conclusion, this research is also focused on
the development of gel-based magnetic materials for biomedical applications.
Ferrogels were produced in a suspension in which y-Fe, O, nanoparticles
were synthesized by radical polymerization of acrylamide. The gel network
density and NP concentration were adjusted, and mechanical and electrical
properties were observed to improve with the addition of a small amount of
NPs. Additionally, it has been stated that it has positive effects on the biocom-
patibility of the NP polymer network [38]. Another study focusing on the de-
velopment of mother-of-pearl-like composites is discussed. The use of iron as
the “mortar” phase has enabled the production of composites with high frac-
ture toughness and hardness combined with magnetic, electrical and thermal
properties. These metal-ceramic composites were prepared by applying iron
coatings to alumina wafers and then assembling them by magnetic excitation.
Since magnetic hysteresis losses are low and saturation magnetization is high,
it was evaluated as a function of the applied field [39]. Finally, another study
was mentioned in which the preparation of BSCCO ceramic superconduc-
tors and their structural, magnetic, electrical and mechanical properties were
examined. This study focused on the preparation methods and measurement
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results of the samples and examined their effects on many properties. For ex-
ample, Vickers microhardness measurements were correlated with the inden-
tation dimensions of the samples and mechanical properties were calculated
[40].

4.2. Magnetic Reactivity Measurement using Magnetic Flow Probe

In a study characterizing the electrical and mechanical properties of a sili-
cone membrane electromagnetic microactuator, the effect of the geometry and
structure of the actuator system on the actuator performance of a liquid-inject-
ed silicone-based membrane was examined. It has been found that the height
of the magnetic force produced increases significantly with the applied power
[41]. Another study, which examined the magnetic behavior of electrical steel
in detail in terms of mechanical stress, direction of the magnetic field, exci-
tation frequency and cutting edge effects, focused on the comparison of mag-
netic properties with mechanical properties. In this study, material properties
of a soft magnetic nature that depend on external factors were extracted from
magnetic measurement data. These properties were then employed in the sim-
ulation of a synchronous machine designed for the traction drive of an electric
vehicle, utilizing finite element simulations. The height of the magnetic flux
density increased with the amount of applied current, and the maximum of the
flux indicated anisotropy in the 60°—70° direction [42]. Finally, a study using
a magnetic fork probe non-destructively measured the magnetic properties of
ferromagnetic materials, as shown in Figure 7. The magnetic properties mea-
sured by this probe were compared with the mechanical properties and a good
correlation was found [43].
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Figure 7. Illustration of the magnetic fork probe setup used for non-destructive
measurement of ferromagnetic materials’ magnetic properties, demonstrating the
correlation with their mechanical properties [43].
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Electromagnetic stresses occur in motor cores due to the magnetostric-
tive effect of silicon steel and the electromagnetic force between the stator
and rotor. In this context, an electromagneto-mechanical coupled numerical
model is proposed and the stress distribution of the motor cores is calculated
[44]. The effect of plastic mechanical stresses that may occur on the magnet-
ic core during the production of electrical machines on their magnetic prop-
erties may deteriorate the performance of magnetic materials. Therefore, an
approach to reduce plastic mechanical stresses by generating highly localized
heterogeneous deformations is proposed to maintain magnetic core perfor-
mance. Non-directional FeSi (1.3%) electrical steel was characterized and the
relationship between magnetic properties and mechanical deformations was
examined [45]. Moreover, in the study of modeling the multi-axial mechan-
ical stress effect of M400-50A quality unoriented silicone sheet, the stress
dependence of magnetic losses was examined and a model was developed
using statistical loss theory. This study has helped us understand the change of
magnetic properties under mechanical stress [46].

5. Conclusion

Magnetic field, permeability, and reactivity measurements are founda-
tional in non-contact magnetic material testing. They offer a thorough method
to study materials’ internal structures and detect flaws. Magnetic field tests
pinpoint surface defects by applying a magnetic field to the material, allowing
early identification of surface issues like cracks and holes in metal manufactur-
ing. This enhances quality control and mitigates expensive mistakes. Magnet-
ic permeability measurements assess a material’s magnetic characteristics by
its response to a magnetic field. This approach reliably reveals the material’s
internal structure and magnetic properties, crucial for quality evaluation. It’s
key in characterizing magnetically responsive materials, used in devices like
electric machines and transformers. Magnetic reactivity measurements detect
various defect types by observing material behavior in a magnetic field. This
method aids in understanding materials’ magnetic responses, vital in product
design and industrial applications. Non-contact magnetic testing methods, due
to their non-invasive nature, quick application, and precise defect detection,
are essential in modern manufacturing and materials engineering. These meth-
ods offer detailed insights into the mechanical property evaluation process.
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1. INTRODUCTION
In recent %fsm?tﬁﬁg&%gs Frphie itk alloys have been in-

creasing for many reasons such as mechanical, physical properties and low
production costs. With the increasing demand and developing technologies,
it is desired to be able to respond to the needs, improve the existing features
and reduce the production cost. Zinc aluminum alloys are used in many areas
such as automotive and decoration. It is seen that zinc aluminum alloys are
generally produced by methods such as casting, extrusion and forging. How-
ever, the increased use of composite materials in recent years has brought the
powder metallurgy method to the fore. With the powder metallurgy method, it
is possible to obtain composite materials with various compositions by mixing
powders in different combinations homogeneously.

In this study, a compilation of studies on how the mechanical properties,
microstructures, corrosion resistance, wear behavior of the products obtained by
mechanical alloying and various reinforcements, which are among the powder
metallurgy methods of zinc-aluminum-based metal matrix composites in recent
years, are affected and the optimum parameters are determined, has been pre-
pared. The fact that metal matrix composites have mechanical properties such
as high wear resistance, tensile strength, corrosion resistance and high strength
attracts the attention of many researchers. In the casting method, the powder
metallurgy method comes to the fore due to its disadvantages such as insuffi-
cient particle distribution during melting, sedimentation rate and gas compres-
sion. The simplicity of adjusting the ratios of the elements used by mechanical
alloying, which is one of the powder metallurgy methods, makes it stand out as
an alternative to the casting method in terms of production costs.

Zamak, which is a zinc aluminum alloy; It is an alloy containing zinc,
aluminum, magnesium and copper. Zamak alloy highlights many mechani-
cal and physical properties such as corrosion resistance, wear resistance, low
melting point, high strength and conductivity. At the same time, features such
as low cutting force and good surface quality, which are the features needed in
machining, are also important features of zinc aluminum alloys.

Zamak alloys can be produced by various production methods such as
casting, extrusion and forging. Products made from this alloy are used in many
areas. The main ones are in many areas such as printing machines, household
appliances, automotive industry, door handles, ornaments, door locks, pipes
and clamps where corrosion resistance is required. The fact that the alloy is
used in so many areas causes many ways to be sought to reduce costs in pro-
duction. One of the most sought-after features is that products made of alloy
are suitable for mass production. For this reason, many studies focus on the
suitability of this alloy for mass production.

Powder metallurgy is the technology of turning metals or alloys into
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powder using physical or chemical methods and shaping them using various
methods. It is preferred in many areas because the structures of the parts pro-
duced in powder metallurgy are under control, highly homogeneous structure
formation and suitability for mass production. Complex shaped parts can be
produced in powder metallurgy, and the need for machining after shaping is
minimal. Powder production can be done by choosing one of the mechanical,
electrolysis, chemical and atomization methods.

Mechanical alloying is a method that enables the production of powdered
elements or alloys by mixing them using various methods. The process is
based on the mixing of various amounts of powders and their deformation
by colliding with each other during this mixing. This method is suitable for
obtaining particle reinforced metal matrix composite products. Composite
material contains two or more components. Metal matrix composite mate-
rial is obtained by mixing the reinforcement material into the metal matrix
(Cambronero et al, 2003, Suryanarayana, 2001.,Thummler, Oberacker, 1994.,
Tarralba et al, 2002., Sankar, Singh, 1998., Sudha et al, 2020).

This review study includes studies on how the reinforcement materials
used in metal matrix composites of zinc aluminum based alloys affect their
microstructure, mechanical and corrosion behavior.

2. EXPERIMENTAL STUDIES

In the study conducted by Atac and Giiral, research was conducted on ZA-
8, ZA-12 and ZA-27, which are zinc aluminum alloys. Within the scope of this
study, the producibility of alloys was investigated using the mechanical alloying
method, which is one of the powder metallurgy methods. Mechanical alloying
was carried out for 1, 3, 5 and 8 hours. Since the powders tend to stick together
and grow after the 4th hour, the optimum alloying time was determined as 4
hours. It has been determined that in the absence of lubricant during mechanical
alloying, powder grains show brittleness without flaking. It has been observed
that these crushed powders later combine to form structures of various shapes
and sizes. The images of the elements before mechanical alloying are given in
Figure 1, and the images after alloying are given in Figure 2. Changes in grain
sizes were observed as the mechanical alloying time changed. After the powders
were examined under an electron scanning microscope, they were subjected to
hot pressing at 625 MPa pressure and 320 °C. The sintering process was carried
out at 320 °C and Sem and EDS analyzes were performed. In the alloy analysis,
it was seen that the Al ratio was higher than the Cu percentage. It is thought that
this situation is caused by some powders adhering to the grinding device cham-
ber walls. Oxidations were detected on Al and Zn. The density value of all alloys
after pressing was higher than after sintering. The reason for this is thought to be
the volume increase in the size of the alloys with temperature (Atag and Giiral,
2013).



220 - Mustafa GULESEN, Osman Selim KIBAR

[ )

o B e 18dun

: g 1,
. Y s o AP - 7

Figure 2. Images of ZA powders after alloying (Ata¢ and Giiral, 2013)
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In the study carried out by Yal¢in and Canakgi, a nanocomposite materi-
al was produced by combining ZA-27 matrix alloy and graphene nanosheet
using the powder metallurgy method. Graphene is a product that attracts at-
tention due to its mechanical, thermal and electrical properties. The powder
mixture was made with nanoplate reinforcement as 0%, 1%, 2% and 3%. The
mixtures were subjected to mechanical alloying process with the help of a
ball mill. Then they were compressed with 500MPa at 435 °C. Compression
was done by hot pressing method for 3 hours. In the study, the internal struc-
ture and corrosion behavior of the produced products were investigated. As
seen in Figure 3, ZA-27 powder before mechanical alloying is irregular and
ligament-shaped. Graphene powders appear in the form of sheets (Yal¢in and
Canakgi, 2018).

Figure 3. Images of ZA-27 and graphene powder before mechanical alloying (Yalgin and
Canakg, 2018)

The mechanical alloying process was carried out at 400 rpm for 15 min-
utes. Homogeneous distribution of components is of great importance in com-
posite materials. As seen in Figure 4, although there is accumulation in some
areas, there appears to be a homogeneous distribution in general.
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Considering the general results of the study, it was seen that the ZA-27
nanocomposite was produced successfully, the graphene distribution in the
composite was homogeneous, and the amount of corrosion decreased with the
increase in the amount of graphene nanosheets (Yalgin and Canakg1, 2018).

In another study by Yal¢in and Canakg1, research was conducted on the
alloying of ZA-40 alloy, which is a zinc aluminum alloy, with silicon carbide.
Within the scope of this research, ZA-40 and SiC composites were produced
using the powder metallurgy method. SiC additives were added to ZA-40 at
various rates (0-0.5-1-1.5-2%). Mechanical alloying time was chosen as 2
hours. Hot pressing method was chosen for compression. Pressing was done
at 600 MPa and 500 °C. The obtained samples were taken to the wear test
device and traveled 100 meters. In the study where 2 different loads (10N and
20N) were used, the wear resistance, weight loss and friction coefficient of
the samples were calculated. In addition, SEM images of the samples were
evaluated. In the samples obtained, an increase in the amount of porosity and
a decrease in hardness were observed as the amount of SiC additive increased.
The wear behavior of the samples was less than that of the pure state in both
loads. Here, it is thought that the lubrication feature of SiC is the reason for
this. As for the wear behavior of the products, with the increase in the amount
of SiC, the wear mechanism changed from abrasive to adhesive, as shown in
Figure 5 and Figure 6 (Yal¢in and Canakgi, 2022).
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Figure 6. SEM image of wear surfaces (SiC 2%) (Yalgin and Canakgi, 2022)

As a result of the study, it was seen that the ideal time for the mechanical
alloying time of ZA-40 with SiC additive was 2 hours. With the increase in
the amount of SiC, porosity increased and hardness decreased. As the load
increases, the weight loss increases due to wear (Yalgin and Canaket, 2022).

In Azizi and Haghigi’s research, zamak-2 alloy, which is a zinc-aluminum
alloy and stands out with its properties such as self-lubrication and sound
dampening, was examined. In this study, the mechanical properties of zamak-2
produced by powder metallurgy were examined. The produced powders were
pressed with 500, 400 and 350 MPa pressure. Then, it was subjected to sin-
tering process at 375, 260 and 160 °C. Properties such as hardness, stress and
density of the obtained samples were evaluated (Azizi and Haghigi, 2015).
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Figure 7. SEM image of the sample pressed with 500 MPa pressure x50 magnification
(Azizi and Haghigi, 2015)

The SEM image of the sample obtained by 500 MPa pressing is shared in
Figure 7. The sample with the highest density belongs to the sample sintered
at 500 MPa pressure and 375 °C temperature. Likewise, the highest hardness
was observed in this sample with 101 Brinell. Considering that the hardness of
zamak-2 as cast is 85 HB, this value is 19% higher. The increase in sintering
temperature did not have a strong effect on the increase in hardness (Azizi and
Haghigi, 2015).

The research conducted by Atag, Ozyiirek and Giiral was conducted with
ZA powders with different contents, which are zinc aluminum alloys. In this
study, mechanical alloying process was applied to ZA-8, ZA-12 and ZA-27
alloys. Alloying was carried out for 5, 6, 7 and 8 hours. The samples, whose
alloying process was completed, were subjected to hot pressing at 320 °C
under 625 MPa pressure. The same samples were sintered in the oven at 320
°C for 2 hours. Wear tests were carried out on a disk to test the behavior of the
alloys in a dry friction environment. The wear load was selected as 10N, the
sliding speed was 1m/s and the sliding distance was 600 meters. Studies have
shown that as the Al content in the alloys increases, the hardness of the mate-
rials increases, however, mechanical alloying time does not have a significant
effect on the hardness. In the study, they found that the most wear was in ZA-8
and the least in ZA-27 alloy, which has the highest hardness. Due to this situ-
ation, it has been determined that the volumetric loss is the highest in ZA-8. It
has been said that this situation is more likely to be damaged in materials with
a face-centered cubic structure due to the high Zn ratio and the anisotropic
feature due to the hexagonal tightly packed crystal structure. Researchers have
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found in wear tests that volumetric loss decreases as alloying time increases.
It has been stated that the increase in the hardness of mechanically alloyed
powder particles due to deformation hardening of aluminum also causes vol-
umetric losses. SEM images of the wear surfaces of ZA-8, ZA-12 and ZA-27
are given in Figure 8, Figure 9, Figure 10 and Figure 11 (Atag et al, 2014).

Figure 8. Surfaces as a result of mechanical alloying for 5 hours a)ZA-8, b)ZA-12, c)
ZA-27 (Atag et al, 2014)

Figure 9. Surfaces after 6 hours of mechanical alloying a)ZA-8, b)ZA-12, ¢)ZA-27 (Atag
etal, 2014)

Figure 10. Surfaces as a result of 7-hour mechanical alloying a)ZA-8, b)ZA-12, ¢)ZA-27
(Atag et al, 2014)
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Figure 11. Surfaces as a result of 8-hour mechanical alloying a)ZA-8, b)ZA-12, c)ZA-27
(Atag et al, 2014)

The highest degree of volumetric loss occurred in ZA-8 and abrasive
wear is observed on the surfaces. When the images of ZA-27 are examined,
the wear surfaces are mostly in the form of plastering. In this case, it is said
that the volume loss is lowest due to fewer tears on the surface of ZA-27 (Atag
et al, 2014).

In the study conducted by Silva et al., zinc, aluminum and copper ele-
mental powders were combined and alloyed in a ball mill for 0, 10, 20 and 30
hours. The time specified as zero hour in the study means manual mixing for
15 minutes before putting it in the mill. To reduce contact with oxygen during
mechanical alloying, the processes were carried out in an argon atmosphere.
During alloying, an anti-adhesion agent was added to make the dust particles
ductile and prevent them from sticking to the container walls. The produced
powders were subjected to compression at 500 MPa pressure. The sintering
process was carried out at 400 °C for 2 hours. Other samples were hot pressed
at 500 MPa and 350 °C. It was observed that the particles underwent deforma-
tion after the 10th hour of mechanical alloying. It has been stated that it turns
into spherical structures after the 20th hour. It was stated that at the 30th hour,
an evenly distributed equiaxed structure was observed. Figure 12 shows the
visual of these changes (Silva et al, 2017).
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Figure 12. Powder structures at various alloying times a)10h, b)20h, c)30h (Silva et al,
2017)

While the average powder size after mechanical alloying was 100 mi-
cron meters, it decreased to 30 micron meters after 30 hours of alloying. This
represents a decrease of approximately 70%. The pores in the structure of
the sample produced by sintering are seen in Figure 13. It is stated here that
the sintering process is not sufficient and therefore the adhesion is weak. The
reason for this is thought to be oxidation or insufficient sintering time. Fig-
ure 13(b) shows the visual of the sample produced by hot pressing. Here the
amount of porosity is low and at the same time the particles adhere well to
each other. The hardness of zamak-2, produced by hot pressing, was deter-
mined as 97HV. This is 53% more than zamak-2 produced by casting (Silva
etal, 2017).
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Figure 13. Zamak-2 microstructure a) sintered sample b) Hot pressed
sample (Silva et al, 2017).

3. RESULT

As a result of the studies, it has been observed that the optimum time in
the mechanical alloying method varies depending on the alloying elements
in the metal matrix composite material. In the study conducted by Ayta¢ and
Giral, it was stated that the optimum time for the mechanical alloying of ZA-
8, ZA-12 and ZA-27 powders was 4 hours. In the study conducted by Yal¢in
and Canakgi, it was concluded that the mechanical alloying time of graphene
with ZA-27 was 15 minutes. In another study by the same authors, ZA-40 was
mixed with SiC powders, and they determined the ideal alloying time to be 2
hours. It has been understood that the alloying time has an upper limit because
the particles tend to grow by sticking to each other after a certain period of
time. As can be understood from the studies conducted on different zamak
alloys, differences have been detected in the alloying time.

Nanographene sheets incorporated into zinc aluminum alloys showed a
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homogeneous distribution. It has been stated that as the amount of nanog-
raphene sheet added as 0%, 1%, 2% and 3% nanosheet reinforcement, respec-
tively, increases, corrosion resistance increases.

It was observed that the wear resistance and porosity amount increased
with the addition of SiC (0-0.5-1-1.5-2%) into the ZA-40 alloy. It was stat-
ed that the lowest hardness value was 87 HB in 2% SiC reinforcement. The
highest hardness was measured as 127 HB at 0%. It is thought that as the SiC
reinforcement ratio increases, the hardness value decreases due to the increase
in the amount of porosity.

In Azizi and Haghigi’s research, the hardness of zinc aluminum powders
increased with the increase in compression pressure. By measuring 101HB at
500 MPa pressure and 375 °C, it is seen that the hardness increased by 19%.
This study also stated that while the increase in sintering temperature did not
cause a significant increase in hardness, the hardness values increased with the
increase in compression pressure.

Researchers have observed that as the Al content increases in Zn-Al al-
loys, the hardness increases. At the same time, volume losses decreased due
to the increase in hardness. In wear tests, abrasive wear was observed on the
surfaces. It has been determined that the wear rate decreases as the mechanical
alloying time increases.

It has been determined that as the mechanical alloying time increases in
Zamak-2 alloy, the powder structure tends towards spherical. Zamak-2 hard-
ness was measured as 97 HV by hot pressing at 500 MPa pressure and 350
°C. It is stated that this is 53% higher than the hardness of zamak-2 produced
by casting.
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1. INTRODUCTION

Drying has been used as a preservation method for centuries and
continues to play a significant role in the food industry today. While grains
are the most commonly dried food, fruits and vegetables also make up a
portion. Microbial growth inside the product can be redused by decreasing
the value of water and humidity. The transportation of the products will be
more economical when the value of humidity inside the product is
decreased. This is because the volume of products will decrease as well.

The main purpose of drying is to remove water and prevent spoilage
caused by microorganisms. Different terms such as drying, dehydration, and
dewatering are often used to describe the process. When drying small fruits
and vegetables, it is important to consider factors such as light exposure,
oxidation, and heat, in order to preserve bioactive compounds
(Naseer,A,2013). Traditional and new drying methods and pre-treatment
techniques, such as considering factors efficiency, quality preservation, and
cost-effectiveness are used (Naseer,A,2013). Previous studies show that
drying cabinet supported by air collectors are much more efficient than the
others (Oztiirk, H.K,2022). A significant quantity of fruits and vegetables is
cultivated by numerous developing countries, both for local consumption
and export. According to the Food and Agricultural Organization's data from
1991, the estimated production for the year 1990 reached an impressive
341.9 million metric tons globally. Specifically, within Asia, India
contributed 27.8 million metric tons, accounting for 8.1% of the total, while
China had a production capacity of 21.5 million metric tons, representing
6.3% of the world's total production. The increasing agricultural products
resulting from developments in the agricultural sector bring along various
challenges in terms of storage and marketing. The foremost challenge is to
create suitable storage conditions for the products and preserve the profits.
Therefore, there has been a need to dry food products using clean energy
sources instead of traditional drying methods, in a more efficient and healthy
way. The energy sources used in traditional drying methods are either fossil
fuels or direct exposure to the However, these methods have environmental
impacts and sustainability issues. In this regard, the use of solar panels in
regions where the sun's impact is strongly felt has enabled the involvement
of technology in this drying process. In this study, a grape drying system in a
closed cabinet supported by a renewable energy source controlled via
arduino IoT cloud is described. In order to reduce the moisture content of
grapes grown in Aydin province, drying process is required. In this regard, a
computer system established in Denizli province, using Arduino Create
Agency, The humidity level and the air temperature inside the grape drying
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cabinet is controlled through the developed program. Values are obtained
using sensors which are integrated to Arduino and sent to the Arduino
Agency through IoT Cloud. Then, the taken values are analyzed within the
developed program. Depending on the situation, the rotation speed of the fan
supplying air to the cabinet is controlled during the drying process. As rapid
drying may lead to undesired results, the drying process is conducted based
on the most suitable humidity and temperature values. As a result, the fan
operation is optimized and managed by the developed program.

2. DIFFERENT FRUIT DRYING METHODS

Sun drying is a safe method for preserving fruits due to their high sugar
and acid content, which helps prevent food spoilage. However, it is not
recommended for vegetables and meats. Vegetables have lower sugar and
acid levels, increasing the risk of spoilage. Meats, on the other hand, are rich
in protein, creating an ideal environment for microbial growth when heat and
humidity cannot be controlled. Sun drying, is best to choosen when hot, dry,
breezy days with temperatures are no lower than 86 Fahrenheit. Higher
temperatures are even more beneficial. It should be kept in mind, that
outdoor sun drying can take several days to fully dry the food
(Oztiirk, H.K,2013).

2.1 Low Cost Dryning Methods

Affordable drying technologies that are appropriate for rural farming
regions. Several crucial factors affecting their suitability are taken into
account, these are;

low cost, easy to build, easy to operate, better results, the ability to easily
intervene in the case of breakdowns. Fluidized bed, spouted bed, infrared,
solar, simple convective and desiccant drying are the methods which the
selected drying technologies are including. The chosen drying technologies
encompass fluidized bed, spouted bed, infrared, solar, simple convective,
and desiccant drying (Chua, J.K, 2003).

2.1.1 Fluidized Bed Dryers

While industrial fluidized bed dryers have proven effective in drying
wet solid particles over the years, the process of developing these dryers for
specific applications are riddled with challenges. Issues like scaling-up,
suboptimal fluidization, and inconsistent product quality pose significant
obstacles. Among these challenges, scaling-up stands out as the primary
concern, and the scarcity of robust theoretical models compounds the
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difficulty, making it challenging to substitute costly laboratory experiments

and pilot-plant trials (Wan,R, 2008).

Exhaust gas

Solid feed

Solid
Product

Hot drying gas
Xo

GV

Figure 1. Fluidized Bed Dryer blok diagram.

Above at Figurel, a Fluidized Bed Dryer is shown. Here are the
explanations for the used parameters. Above the given parameters stands for;
inlet of solid dry basis moisture content where it is given as “Xi”, outlet
solids dry basis moisture content given as “Xo”, output gas dry basis
humidity given as “Yo” and inlet gas dry basis humidity given as “Yi”. All
units of the given parameters are in (kg/kg).

2.1.2 Spouted Bed Drying

Spouted-Bed drying is generally considered for a suitable solution of
drying coarse grained products which are difficult to fluidize efficiently. A
typical design for Spouted-Bed dryer is a draft tubular Spouted-Bed Dryer
(SBD), which consists of a cylindrical container with a conical bottom. The
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inlet nozzle is used to introduce the spraying air, which acts as a drying
medium. A draw pipe has been installed in the center to increase the height
at which granular particles can be sprayed. The wet material enters through a
side inlet port and undergoes gushing with the help of a draw pipe. Drying
air is passed through an opening conical base ensuring effective interaction
with particles (Wan,R,2008).

9
FJ; 1-Blower
2-Valve control

| 5-Manometer

Papaya
Seeds
Y

oo

r A | %
4 3 2 1

Figure 2. A Spouted-Bed drying blok diagram for papaya seeds (Daniel, P.
C, 2016).

2.2 Sun Drying Method

The primary goal of drying agricultural products is to decrease their
moisture content to a level that ensures they can be safely stored for a
prolonged period. Additionally, this drying process results in a significant
reduction in weight and volume, which helps to minimize packaging,
storage, and transportation expenses (Okos,N,1992). A sun drying
application is shown in Figure 3.
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Figure 3. Sun drying application (Mavis, O.A,2018).

The direct type of solar dryer operates by allowing solar radiation to pass
through a transparent cover, which is typically made of glass. This radiation
is then directed onto the grapes that are placed inside the dryer for the drying
process. One of the advantages of using a glass cover is the effectively
reduced direct convective losses, preventing the escape of heat to the
surrounding environment. Additionally, the presence of the glass cover
which helps to enhance the temperature within the dryer, creating optimal

conditions for the drying process.

SOLAR DRYERS

y

v

v

v

DIRECT TYPE

INDIRECT TYPE

MIXED TYPE

y

!

v

NATURAL CIRCULATION

FORCED CIRCULATION

Figure 4. Classification of solar dryers (Daniel, P. C,2016).

Above the classification of solar dryers is seen. Below in Figure 5. a Solar

cabinet dryer is shown.
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Figure 5. Solar cabinet dryer (Daniel, P. C,2016).

3. FRUIT DRYING WITH REMOTE CONTROL USING ARDUINO
10T CLOUD

The most popular application of today that aims to make human life
easier is Internet of Things (IoT) applications. It aims to minimize human
intervention to enable with devices communicating each other and large
systems. This allows for easy monitoring and control of devices from
different locations. Smartphones and tablets, smart home automation,
unmanned aerial vehicles (UAVs), drones, and smart factory automation are
the most well-known examples. Remote control systems have become
preferred in factories due to their time-saving and cost-effective work
environment. This approach has enabled the production of smart factory
automation. Various hardware and user-friendly interfaces for using this
hardware have made IoT user-friendly (Tastan, 2019).

3.1 Arduino IoT Cloud and Create Agent Technology

Arduino IoT Cloud is a cloud-based service that is widely preferred for its
ability to facilitate the design and management processes of remote control
projects. It enables the remote control of devices by managing them over the
internet. The system gathers and evaluates data from sensors used in the
developed systems. As it does not require extensive academic knowledge,
projects can be easily prepared and developed. Agent Technology enables
data exchange between devices while using Arduino [oT Cloud, establishes
secure connections, and provides ease of sharing.
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3.1.1 Application Areas and Implemented Projects of IOT CLoud
Technology

It is known that remote control is used in many fields due to the
convenience it provides. Some of these areas are as follows;

Education: Remote control of lighting and heating-cooling systems in
schools for energy saving purposes.

City Systems: Control of traffic lights, parking lot control, collection of
environmental data such as air quality.

Health and Medicine: Wearable devices tracking health data, medication
reminders, monitoring health status related to diseases such as blood
pressure and diabetes.

Art and entertainment: Developing art projects, creating Arduino-based
projects and games.

Home Automation: Remote control of lighting systems, home ventilation
control with temperature and humidity data, use of cameras and sensors for
security.

Agriculture and Garden Automation: Control of automatic irrigation
systems, monitoring and control of agricultural conditions, collecting plant
growth data. Industrial automation: Remote monitoring and control of
factories, evaluation of data obtained during production, control of energy
usage.

4. THE PROPOSED SOLAR DRYING SYSTEM

The aim of the proposed system is to dry food using a fan system that can
be remotely controlled with the energy obtained from the sun. Solar panels,
which are directed towards the side where the sun rays are the most intense,
are used to charge the battery in order to make the most of the sun
throughout the day. The charged battery operates the fan that blows air into
the cabinet where the food is being dried. The most important factors during
the operation of the fan are the values received from the humidity and
temperature sensors inside the cabinet. In order to dry the food at an
optimum level, the temperature should be sufficiently high and the humidity
should not be too high. With the fan operated under these conditions, the
food is dried effectively. As the internal temperature of the cabinet
decreases, the fan will rotate faster, providing more hot air intake. On the
other hand, as the internal temperature of the cabinet increases, the fan will
rotate slower, allowing the hot air to move towards the food at a slower pace.
The operation of the fan will be controlled remotely, allowing drying
systems located in different locations to be controlled from a single center.
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4.1 Fan Speed Control Using Arduino IoT Cloud

The operation of the developed system, which is controlled via Arduino
IoT Cloud, is demonstrated in Figure. 6. As seen, air enters the system
naturally from bottom to top. However, in cases where the air pressure is
low, this effect will decrease, so it needs to be supported by a fan. The
humidity inside the cabin is measured with an integrated Arduino system.
The measured humidity value is evaluated by a program running on Create
Agency on the Arduino IoT cloud. Depending on the result obtained, the
Arduino is accessed via the [oT cloud to adjust the fan speed.

4.2 Arduino IoT Cloud and Create Agent Technology

They are the most preferred interface and software for those who want to
develop a remote control project, due to the ease of project design and
management operations. Arduino loT Cloud is a cloud-based service and
manages devices over the internet. Thus, the equipment can be controlled
remotely. Data can be collected and evaluated from the sensors used in the
developed systems. Since it does not require much academic knowledge,
projects can be easily prepared and developed. Create Agent Technology
enables data exchange between devices when using Arduino IoT Cloud,
establishes secure connections, provides convenience in sharing. For this
reason, it is necessary to use Arduino [oT Cloud.

10T Cloud
ARN ATF
1A »

Create
Agency

Terminal (IT)

Fan air blowing

10T contral

Figure 6. Demonstration of the proposed IoT system.

4.3 The Solar Tracking System

Using the Arduino IDE program, commands that control the movement
of the solar panels are loaded onto the Arduino Uno. The hardware sensors
responsible for this movement are LDRs (Light Dependent Resistors).
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& 4

Figure 8. LDR symbol.

LDRs are circuit components that exhibit less resistance as the intensity of
light falling on them increases, and more resistance as it decreases. LDRs are
placed in positions where they can receive the maximum amount of sunlight
in the established setup. Based on the detected light intensity, the solar panel
is directed towards the angle indicated by the LDR that receives the most
light. Tower Pro SG90 Servo Motor is used as the circuit component to
facilitate this movement.

Figure 9. Tower Pro SG90 servo drive.

The Tower Pro SG90 Servo Motor has a rotation angle between “0” and
“180” degrees and is connected to the circuit using three wires (5V power,
GND ground, PWM signal). It is referred because of its low power
consumption and ability to easily move the solar panel. The power cable of
the Tower Pro SG90 Servo Motor is connected to the “5V” pin of the
Arduino Uno, the ground cable is connected to the GND pin, and the signal
cable is connected to the PWM pin number “11”.
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4.4 Flowchart of the System Control using Arduino IoT Cloud
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Figure 7. Flowchart of the Arduino loT control program.
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Figure 10. Solar tracking system.

The energy generated by the sun-tracking panel, through LDRs, will be
stored in the energy battery, which will be used to power the fan.

4.5 Converting the Fan System Arduino Using Create Agency for
Remote Control

After signing up for the Arduino IoT Cloud online development
environment, the Arduino Create Agent program is downloaded. The
Arduino Create Agent is a platform that provides project development and
management services, allowing local operation on the computer. Once the
Arduino Create Agent program is launched, the "Go to Arduino Create"
option is selected from the system tray, and login to the Arduino Cloud is
performed. The login steps are shown in Figure 11, Figure 12, and Figure 13.

Agent version 1.3.6-e52bb00

& Go to Arduino Create ==
Open Debug Console

Open Configuration
Remove crash reports

Generate and Install HTTPS certificates

0 F Pause Agent
Quit Agent
B E < o)
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Figure 11. Arduino Create Agent user input.

o v ) ARDUINO CLOUD g oo 2 ”) Thlogz 2
L & | ® 0 online 2
4@ Home Quick actions
@ Sketches
@ s + @ Mg b @) Newoamboan P
55 Boses Crests 2 standzione sketch Comnactyour 0T Devie Visuzlizz your loT varizbles
§ Things
% Dashboards
1 Triggers &

0 Resources
< Courses
B loT Templates
57 Integrations

@ Al Systems Operaticnal

Figure 12. Arduino Create Agent user interface.

A new project is created by selecting the "Create Thing" option from the
Things menu and determining the objects to be used and the variable names
to be used in programming with the "Add Variable" option. In this project,
button, humidity, and temperature variables are used

Cloud Variables m

Name ¥ Last Value Last Update

Buton

[:] false

CloudLight buton

nem

CloudRelativeHumidity nem;

sicaklik

[:] 37

CloudTemperatureSensor sicaklik;

Figure 13. Cloud variable interface.

By selecting the “Add Device” option from the Device menu, the
remote control circuit board to be used in the system is selected. In this
work, ESP32, one of the third party devices, is selected with the Third Party
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Device option and DOIT ESP32 DEVKIT V1 is used from the “Select
mode” menu.

Setup Device

A EEOMUTIC iien sl it g atarta i e et eny:

upload

©. O] o
ARDUINO :

Arduino board ¢ Third party device ¢

Arduine language (C++) Arduino language (C++)

Figure 14. Device setup screen output.

The design screen for mobile devices allows for customizing the layout
and appearance of the dashboard on smaller screens. This can include
rearranging widgets, adjusting font sizes, and adding additional elements like
images or logos. Once the design screen is created, it can be previewed and
tested on mobile devices to ensure optimal user experience. Any changes
made to the design screen will automatically be reflected on the mobile
devices as well. In addition to the design screen, the project settings also
allow for configuring user access and permissions. This includes setting up
user accounts and defining the level of control each user has over the
dashboard and its associated objects. Overall, the project section in the
device settings provides a comprehensive platform for creating and
managing dashboards, widgets, and user access for loT devices.



International Research and Reviews in Engineering II - December 2023 - 245

Dashboard
[D Untitled =

ol 3]

Figure 15. Dashboard screen output.

From the Sketch menu, an interface can be accessed where the code is
written without the need for the Arduino IDE program. Since the libraries to
be used during coding are already available, there is no need to reinstall
them. This provides convenience to software developers. To be able to send
code and perform control via the web, the Arduino Create Agent program
needs to be installed. In the hardware structure of the system, ESP32, L298N
motor driver board, DC motor, and DHT11 (humidity and temperature
sensor) are used. The ESP32 is a microcontroller chip with Bluetooth and
2.4 GHz WiFi connectivity features, interaction with sensors and other
devices, and a dual-core CPU. Its ability to be used in remotely controlled
applications and its low power consumption are the main reasons for its
preference.
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Figurel6. ESP32 ESP-32S WiFi + Bluetooth Dual-Mode Development Card
(30 Pin).

L298N motor driver board is a motor driver board that can drive DC
motor with voltage regulator up to 24V. With the Motor-A and Motor-B
sections, two different motors can be controlled simultaneously and
independently. The Motor-A section of the L298N motor drive board circuit
and the connected IN1, IN2 and ENA pins are used. For DC motor control
with the ESP32 card, a signal was applied to the motor driver card from the
PWM pins of the ESP32 card. One-way rotation of the motor was achieved
by applying pin number 26 to IN1 as HIGH and pin number 27 to IN2 as
LOW from PWM pins. The ENA pin adjusts the motor speed.

Figure 17. DC Driver Card and Fan Circuit.

4.6 Realizing the Cabin Dryer

They can be in the form of a cabinet or room where hot air circulates. The
cabinets can have shelves or the items can be laid out on a wheeled cart and
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inserted into the cabin. To ensure equal drying on all shelves, the order of
the shelves should be changed at regular intervals. A cabinet with shelves is
used. The DHTI1 sensor inside the cabinet collects the humidity and
temperature data, which is then sent to the relevant port of the ESP32, and
from there, it is transmitted to the Arduino Cloud platform through the
network connected to the ESP32. The humidity and temperature information
is displayed on the dashboard screen both numerically and graphically. The
fan motor that provides air to the cabinet can be turned on and off using the
button on the dashboard. The ESP32 receives the temperature information
from the relevant pin and uses it to adjust the fan speed. As the temperature
inside the cabinet decreases, the fan will spin faster. The system can be
controlled from any environment that can access the Arduino IoT Cloud
interface via the web.

Figure 18. Grape Drying Cabine.

When the low temperature of the high humidity values in the cabinet is
measured as seen on Figure 19 at graphl, the remotely controlled fan by
Arduino IoT Cloud, rotates fast while the fan rotates slowly when high
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temperature has been achieved with low humidity values measured as seen
on Figure 20 at graph 2.
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Figure 19. Low temperature-high humidity grah-1.
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Figure 20. High temperature-low humidity grah-2

4.7 The Developed Program Codes
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The given codes below are processed on the Arduino for realizing the solar
tracking process of the system.

4.7.1 Programming Codes of the Tracking System

The necessary parametric values are taken at certain periods through
Sensors.

/*Solar tracking system
https://srituhobby.com

*/

//Include the servo motor library

#include <Servo.h>

//Define the LDR sensor pins

#define LDR1 AO

#define LDR2 A1

//Define the error value. You can change it as you like
#define error 10

//Starting point of the servo motor

int Spoint = 90;

//Create an object for the servo motor

Servo servo;

void setup() {

//Include servo motor PWM pin
servo.attach(11);

//Set the starting point of the servo
servo.write(Spoint);
delay(1000);}

void loop() {
//Get the LDR sensor value

int Idr1 = analogRead(LDR1);
//Get the LDR sensor value

int Idr2 = analogRead(LDR2);

//Get the difference of these values
int value1 = abs(ldr1 - Idr2);
int value2 = abs(ldr2 - Idr1);
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//Check these values using a IF condition
if (value1 <= error) || (value2 <= error)) {

} else {
if (Idr1 > 1dr2) {
Spoint = --Spoint;
}
if (Idr1 < 1dr2) {
Spoint = ++Spoint; } }
//Write values on the servo motor
servo.write(Spoint);
delay(80);

}
4.7.2 Programming Codes Required to Drive the Driver

The code required to drive the ESP32 driver, which prepares Arduino to
connect to the IoT Cloud application, is given below.

#include "thingProperties.h"

#include "DHT.h"

#define DHTPIN 4

#define DHTTYPE DHT11

int motorPin1 = 26;

int motorPin2 = 27;

int motorPin = 17;

float hiz = O;

DHT dht(DHTPIN, DHTTYPE);

void setup() {
Serial.begin(9800);
delay(1700);
pinMode(motorPin1,OUTPUT);
pinMode(motorPin2, OUTPUT);
digitalWrite(motorPin1,LOW);
digitalWrite(motorPin2,LOW);
dht.begin();
initProperties();
ArduinoCloud.begin(ArduinoloTPreferredConnection);
setDebugMessagelevel(2);
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ArduinoCloud.printDebuglinfo();}

void loop() {
ArduinoCloud.update();
sensorOku(); }

void onLambaChange()

void sensorOku(){
float h = dht.readHumidity();
float t = dht.readTemperature();
hiz = map(t,70,10,0,255);

sicaklik = t;
nem = h;
if(led == 1){

analogWrite(motorPin, speed);
digitalWrite(motorPin1,HIGH);
digitalWrite(motorPin2,LOW);}
else{
digitalWrite(motorPin1,LOW);
digitalWrite(motorPin2,LOW);}
Serial.print(speed);
//Serial.print("heat:");
//Serial.print(t);
//Serial.print("Nem: *);
//Serial.print(h);
//delay(1000); }

5. CONCLUSION

There are many methods developed for drying processes. In this work,
traditional and new technological methods are compared. In the traditional
method, solar energy was used in the fan system operated by remote control
while the food was placed in the exhibition using solar energy, but the food
was left to dry in the food drying cabinet. Grapes, which are widely
produced in the Aegean Region, were preferred as food. Since its production
is in excess, raisin trade is carried out as well as fresh grape trade. In both
methods, the weights of fresh grapes and raisins were measured and
moisture and weight information were used as drying criteria. The drying
process is completed when the final moisture content of the grape reaches
about 20%. When the laying method was used in the exhibition, 1 kg of
fresh grapes dried completely in about 260 hours and 250 g of raisins were
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obtained. 1 Kg of fresh grapes with the method developed for this work
using renewable energy system controlled by Arduino IoT Cloud is dryed
up in totally of 151 hours. Different types of panels can be preferred in
order to be able to provide more energy than solar panels. When the stored
electrical energy increases, more motor-fan assemblies can be included in
the system. In order to shorten the time elapsed during the transportation and
drying of the product collected in food drying factory automations,
increasing the fan system may be preferred in order not to lose the quality of
the product and to dry it in a shorter time. An integrated weight sensor in the
cabinet can be used instead of a weight system outside the cabinet to detect
that the grape is dryed out. Instead of a cabinet system with shelves, a
wheeled shelving system can be used, which will be placed later in the
cabinet.
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The transmission, production, use and storage efficiencies of energy
are very important in today's competitive world as they directly affect the
cost. Losses in the production, use, storage and transmission of energy are
the most important factors that increase inefficiency. The most important
ways to reduce losses are cogeneration (producing two types of energy, more
electricity and heat, in the same system and at the same time), trigeneration
(producing three types of energy, more electricity, cooling and heat, in the
same system and at the same time), using efficient devices in cycles and
using non-conforming equipment. are working conditions [1, 2, 3]. Today,
the most common and most consumed energy types in industry and daily life
are electricity and heat. It is necessary for high efficiency to produce these
with cogeneration, not in conventional systems. Conventional systems
produce heat and electrical energy separately, so their efficiency is lower.
Energy and exergy efficiency in cogeneration plants is around 30% higher
than conventional plants [4, 5, 6].

The most critical step in the design of the thermal systems is to
determine the design characteristics. What is required of the system and to
provide them numerically. The design that meets all the required
specifications is workable design. The best of the workable designs is called
optimal design. This means applying the best of various alternative
considerations such as reliability, optimal cost, weight. Generally, the system
that minimizes the cost is considered optimal. It is sometimes impossible to
determine the right optimum. However, the design closest to the optimum
can be determined. The design that provides the greatest return from the fuel
supplied for the thermal system is called better design. The thermal systems
are complex, since each device is complexly affected by the other, and the
maximum efficiency of a device can minimize the efficiency of another
device. Which can reduce the efficiency of the entire system. Therefore, the
optimization of the entire system should be performed instead of each
devices optimization [7, 8, 9].

Mathematical optimization of a design reveals the conditions under
which that design works best. But mathematical optimization must be made
and compared in other designs, as it does not demonstrate the superiority of
the solution that other designs bring to the problem. Avoiding unnecessary
processes, using heat and power in the form of cogeneration, avoiding
throttle valves as much as possible, using turbines with more than 100 kW
power generation, avoiding mixing of different pressure, temperature and
chemical compositions in combustion are crucial. It is recommended to
reduce the use of or avoid unnecessary combustion, preheating before
combustion, the use of the most efficient devices, reducing the heat transfer
to the cold environment or environment. The second law of thermodynamics
is applied to process-specific design paths, but this is not sufficient because
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it does not indicate unnecessary investments, so thermoeconomic analysis
must be performed [10, 11].

The relationship between emissions and performance has been
demonstrated by various studies in the literature, so many different and
separate objective functions have been set up for energy system design and
optimization has been made. With the optimization of multi-purpose
functions, more advantageous results have been obtained in the literature
than the optimization of single-purpose or dual-purpose (such as energy and
economical) functions [12, 13]. When the amounts of carbon dioxide and
nitrogen oxide emissions are associated with the cost, a function for
environmental impact can be established and its optimization can be studied.
Thus, the effect of environmental and economic conditions on performance
was also examined. In the literature, there are studies that define the
ecological function as the ratio of the power obtained to the entropy
produced and the economic function as the ratio of the obtained power to the
total costs. According to Rosen (2008), some researchers have used the
concept of sustainability instead of the environmental factor in extended
exergy-based economic methods. For example, they suggested using the
disciplines of thermodynamics and economics together to obtain exergy-
based indicators of sustainable development (development). Since these
methods take into account the decreasing resources and increasing pollution
situations, they can offer different alternatives for industrial companies to
achieve their environmental goals [12, 13]. There are many studies in the
literature that make exergy-based economic evaluations on thermal systems
[12, 13]. Oztiirk et al., (2006) explained how to optimize the hot water pipe
radius and insulation thickness with minimum exergy loss and minimum
cost optimization with thermoeconomic methods [14].

There are studies on thermoeconomic optimization of power plants
based on nuclear oil and coal, and some of them will be mentioned in this
thesis when appropriate. M.A. Rosen and I. Dincer (2003) proposed a new
method based on exergy, cost, energy and mass quantities, which they
briefly called EXCEM analysis in their article [15]. With the help of the
Aspen Plus computer program, this new method has been applied on the
computer for various processes (electricity, hydrogen fuel cells). In their
article, they described the EXCEM analysis they developed after discussing
the prices of materials and flows containing energy and exergy. Accordingly,
while different amounts of exergy, energy, cost and mass ratios enter the
system, they leave the system at different rates. The balance equations of
these quantities are obtained by subtracting the sum of the inputs and the
produced and the consumed, and the accumulated amount is obtained. For
continuously open systems with continuous flow, the amount accumulated is
zero. For an open or closed system, the accumulated mass is obtained when
the mass leaving the incoming mass is subtracted, and the entropy
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accumulated is obtained if the entropy produced is subtracted from the sum
of the entropy produced by the input entropy [15].

Likewise, if the energy or exergy is subtracted from the input energy
or exergy, the accumulated energy or exergy is obtained, and if the costs are
subtracted from the sum of the input and produced costs, the accumulated
costs are obtained. The costs produced here are the costs spent for the
formation of the process in the system and the repair and maintenance
operation [15]. Although values other than costs are defined by scientific
functions and scientific relations, costs are subjective and depend on the type
and purpose of the system and other economic factors. They also gave
examples of various devices in their articles. For example, the incoming
costs for a pump are fluid cost and electricity cost (assuming adiabatic), and
the outgoing cost is the sum of the flow and electricity costs with the
produced cost [15].

Balli (2008) evaluated the performance of cogeneration plants by
using energy, availability (exergy) and exergeoeconomic analysis methods in
his doctoral thesis. In this study, in which a cogeneration plant (combined
heat power system (high and low pressure turbines are added to the sample
cycle) (CHP)) and a dual fuel (gas-diesel) diesel engine trigeneration plant
established in Eskisehir, the exergy and thermoeconomic analysis of both
plants is analyzed. made in detail for a certain working situation. In addition,
the energy performance evaluation parameters for both systems are energy
efficiency, relative energy loss rate (the rate of energy loss in the device to
the energy loss in the whole system), fuel energy consumption rate (the ratio
of energy loss in the device), energy loss rate, energy improvement potential,
the economic value of energy loss, power-to-heat ratio and fuel energy
saving ratio were calculated [16]. Exergy efficiency, relative exergy loss rate
(the ratio of exergy destruction and loss in the device to exergy destruction
and loss in the whole system), fuel exergy consumption rate, incoming
exergy loss rate, exergy improvement potential, economic value of exergy
loss, power heat exergy rate and exergy performance evaluation parameters
are among the exergy performance evaluation parameters [16].

From the exergetic performance evaluation parameters, the average
unit costs of fuel and product, exergy loss costs, exergy destruction costs,
relative cost difference (the difference between the cost of entering and
leaving the device) and exergetic factor were calculated (Balli, 2008).
Absorption refrigeration unit is not explained in detail and system analysis is
made by considering it as a single device (as in this thesis). According to the
establishment design of the cogeneration plant, while the energy efficiency is
50.04%, the energy efficiency of the trigeneration plant is calculated as
40.78% under current operating conditions and 58.89%. While the exergy
efficiency was 42.21% according to the design of the establishment, it was
calculated as 39.22% under the current operating conditions, and the exergy
efficiency of the trigeneration plant was calculated as 36.13% [16].
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MATERIAL AND METHOD

As shown in Figure 1, high pressure compressed air from the
compressor are combusted with methane in a combustion chamber. At the
outlet of the combustion chamber high temperature exhaust gases are given
to the gas turbine to convert some of its energy into electrical energy. After
gas turbine some of the exhaust gases energies are used to produce cooling
in an absorption cooling device to cool the inlet air of the system. After that,
most of the remaining energy of the exhaust gases are used in the waste heat
recovery device to produce steam. The combustion equation is taken as
follows [17, 18, 19].

4

1 f
Absorption
Cooling sys. 10 I'Water

5 6
—

HRSG

0

Figure 1. Inlet air cooling cycle 11

X CH, + (0.7748 N, + 0.2059 0, + 0.0003 CO, + 0.019 H,0
= (1 4+ HXn2N; + X205 + X020, + Xyz0H,0)

In this study, Ty = 298.15 K and P, = 101.3 kPa, pressure loss in the
combustion chamber 5% the saturated steam pressure for heat exchanger at
2000 kPa, gas turbine net electrical power 30000 kW, combustion chamber
fuel mass flow my = 1.64 kg/s methane was taken. The thermodynamic
equations are given in Table 1 and Table 2 of the system [10, 11, 13].

Since there is no specific general method for finding the optimum
value, there are certain methods available for each type of problem and can
be classified as follows. One dimensional (univariate) unconstrained,
multidimensional (multivariable) unconstrained and multidimensional
(multivariable) constrained optimization problems. One-dimensional
(univariate) unconstrained optimization problems are solved with methods
that are analytical method, region elimination (equal spacing region
elimination, half, gold region, fibonacci) methods, polynomial
approximation (quadratic, cubic) methods, derivative evaluation (derivative
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half, steeping descent), Newton Ralphson, finite differences Newton, secant)

[10, 11, 13].

Table 1. Masses, energies and entropies equations for the devices of

the inlet air cooling cycle [10, 11, 13].

Devices  Mass Energy

Entropy

Compresso my =m,
r

Thlhl + WC = mzhz

myS, —myS, + Sgen'(: =0

HRSG ms = m6 mshs + mlohlo msss + Thwslo - m6$6
LT = mghg + My1hyq — My1511 + Sgenurse =0
=My

Combusti m, myh, + 1msh, MyS, + 1MyS; — M3S3

on + myo = 1shs + Sgen,CC

Chamber =13 + 0.02m,LHV =0

Turbine  mhz =1,  mzhy M3S3 — MySy + Sgens = 0

= Wr + W + 1 hy

Overall hi = f(T)

Cycle 5 = f(T;, Py)

mairhair + mfuelLHVCHAL - QLass,CC - meg.,outheg.,out - WT
- msteam(hwater,in - hsteam,out) =0
QLoss,cc = 0-027hfuelLHVCH4

Table 2. Exergies and exergy efficiencies equations of the devices of the

inlet air cooling cycle [10, 11, 13].

Componen Exergy Equation
t

Exergy Efficiency

Compress  Ep.=FE + W, —E, Eoutc — Einc
or Nex,c = WC
HRSG ED,HRSG = ES - EG nex,HRSG_ .
+ Elo _ Esteam ursc — Ewater,HRrsG
' . . B El.l Ein,exhaust,HRSG'_ Eout,exhaust,H
Combustio  Ej oc = E; + E; — E3 Eout,cc
n Nex,cc = 7 :
’ E; +E
Chamber mice T el
Turbine Epr =E3—E, — W, Wheer + We
i Next = 7 =
- WT e Ein,T - Eout,T
. E =Epn +Ecn
Eph =mm(h — hy — To(s — 5o))
Overall ) m _
Cycle E = i {Z x. " + RT, Z Xy lnxk}

Wnet,T + (Esteam,HRSG - Ewater,HRSG)

Nex =

Efuel
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Multidimensional (multivariate) unconstrained optimization problems
are solved by random search, green search, simplex (flexiblepolyhedral),
univariate search, steeping descent, Newton, conjugate directions (conjugate
directions) methods. Multidimensional constraint optimization problems are
solved by linear programming, simplex, NLP programming, penalty,
Lagrange multipliers, integer programming (enumeration), branch and
bound. Apart from all these methods, many other methods are available in
the literature [10, 11, 13]. Design optimization of thermal systems is the
most frequently occurring and examined case of multivariate constrained
nonlinear programming. There are n independent variables and m
constraints, and the objective function consists of these variables. If the
equality of constraints m can be eliminated or expressed in the objective
function, then the derivative of the objective function can be optimized by
equalizing to zero. Since only a few simple problems can be solved with this
simple method, other methods are used in complex systems [10, 11, 13].

Lagrange, iterative quadratic, iterative linearization, penalty function,
and direct search methods are used in constrained nonlinear programming
problems. In general problems, iterative quadratic, iterative linearization and
penalty function are better than the other methods. In the Lagrange method,
the constrained optimization problem is transformed to the unconstrained
problem by obtaining the extended objective function by multiplying it with
the Lagrange multiplier and adding it to the objective function. The resulting
extended objective function is derived from the variables, Lagrange
multiplier and redundancy variable, and then equalized to zero and solved.
Most of the time, nonlinear equations of thermal systems are complex and
numerous, and cost equations make them even more complex, so there are
no values that equalize derivatives to zero [8, 10, 11, 13].

The iterative quadratic programming method is the minimization of
the constrained second order function, linear equality or inequality. Iterative
linearization method is the method of solving nonlinear equations by
converting to linear equations by one of the linear programming methods.
The penal function method is a method of minimizing the constrained
equation. Among the direct search methods (random search, sequential
simplex and cyclic coordinate methods are the most important), the Box’s
complex method, which is a kind of simplex direct search method, is one of
the most effective methods and in reference [6] was used accordingly [8, 10,
11, 13].

The first stage, the system and the sub-systems that affect the
performance of the system, needs to be clearly defined. Accurate
determination of the boundaries of subsystems by dividing complex systems
into subsystems is important for subsystem optimization. The optimization
criterion is characterized by minimum or maximum as it can be economic
(such as minimum cost), technological (such as maximum efficiency) or
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environmental (such as minimum pollution). In practice, multiple
optimization criteria are identified and the best design and operating
conditions are sought. When more than one criteria are identified, these
criteria may contradict or match each other. In case of contradictory criteria
(such as minimum pollution, maximum power or efficiency), one and the
most important one is selected and the others are considered as parameters or
constraints of the problem and optimization is performed [8, 10, 11, 13].

In the optimization problem, the variables are four types: dependent,
independent, decision variables and parameters. The independent variables
should include all variables that affect performance and cost, should not
include insignificant and detailed variables, and should be chosen to ensure
that the independent variables subject to change are separate from each
other. In the optimization study, only the decision variables can be changed,
and the parameters and independent variables cannot be changed for the
model being compared or for a particular model. Dependent variables are the
variables obtained as a result of the mathematical model calculation. The
mathematical model is the definition of the system as functions and
equations, and includes and identifies all independent variables and
relationships that affect performance criteria. It also includes objective
function, equality and inequality constraints to be maximized or minimized.
The objective function can be linear or nonlinear, with one or more decision
variables, continuous or with discontinuity in some parts [8, 10, 11, 13]. The
constraints may be linear or nonlinear, but have nonlinear properties in the
cogeneration systems.

The objective in optimization is to get ideas for improving the cycle
rather than finding the mathematical global maximum or minimum. As the
demand for steam and electricity changes, it is not practical to use the global
maximum or minimum to be found in a constant production quantity, since
there are varying quantities of production rather than production, and also
because the temperature, pressure and humidity of the air constantly change.
However, finding the optimum points in thermoeconomic optimization is
important in terms of giving an idea for improvement as it will indicate the
optimum working area [8, 10, 11, 13].

There are many advanced computer programs in the market for the
analysis and optimizations. In sequential module approach programs, the
devices are combined by selecting from the menu, the program is run by
giving input values and the results are obtained. The user cannot see the
mathematical and thermodynamic models, equations, and relationships
between the devices. Programs such as ASPEN PLUS, PROCESS,
CHEMCAD are such programs. The mathematical model of each device is
established in hundreds of equations by solving each system in equations
approaching programs and these are solved for common variables. SPEED
UP is an example of such programs. Here, mathematical and economic
models of the systems have been developed and solved in VISUAL
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FORTRAN programming language by using hundreds of linear and
nonlinear equations as separate sequential modules and synthesis of these
two types. Conventional optimization methods can be used to optimize very
simple cycles (for example according to the first law), but complex systems
cannot be optimized with these methods. If the cost and performance
calculations will be involved in optimization, even the simplest cycle is
impossible to do with traditional optimization methods [8, 10, 11, 13].

RESULTS

Figure 2 shows the effects of compression rates on electric and heat
power with various combustion temperature for inlet air cooling
cogeneration cycle. Increasing compressor ratio decreases the heat power,
however increases the electric power. The reason of it is that, as the
compressor rate increases, since the combustion chamber outlet temperature
is not taken constant, the turbine outlet temperature decreases at high
pressure, which reduces the amount of heat obtained in the waste heat
recovery device (HRSG). It can be understood from the slope of the
obtained curves that the network to be obtained will decrease as the higher
values are reached. This is more clearly seen in Figure 3 that the effects of
excess air coefficient on exergetic efficiency for various compression rates
are given. In Figure 3, this can be seen that the exergy efficiency of the
system increases as the compression rates increases. The inlet air cooling
cycle reaches maximum efficiency at excess air rate coefficient of 2—2.5 and
then decreases with the increasing of the excess air rate. As the compressor
compression ratios of the inlet air cooling cycle increase, the exergy
efficiency going to be maximum at lower excess air ratios.

In Figure 4, the effects of excess air coefficient on fuel energy saving
ratio for various compression ratios are given. Fuel energy saving ratio is a
comparison of the fuel required for the given loads of heat and electricity in
the cycle with conventional system. Fuel energy saving ratio measures the
extent of fuel savings in a cogeneration plant. Increase in the rate of the
FESR gives information about the electrical increases of the cycle according
to the law of the 1. For the classical cycles boiler efficiency are ng = 0.9 and
electrical efficiency are n, = 0.4 accepted [2, 3].

FESR = (2+K—Qﬁw,)/(2+z
B e Mg N
As can be seen in Figure 4, increasing compressor ratio increases the
FESR. The inlet air cooling cycle reaches a maximum of fuel energy saving
ratio at excess air rate coefficient of 2-2.5 and then decreases with
increasing excess air rate.
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Figure 2. Effects of compression rates on electric and heat power with
various combustion temperature for inlet air cooling cogeneration cycle.
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Figure 3. Effects of excess air coefficient on exergetic efficiency for various
compression rates.

Since the efficiency increases rapidly as the compression ratio for the
compressor is increased, but because it can be maximum 16, the
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compression ratio is maximum 16 because of this limitation. Since the
increase in the isentropic efficiency of the compressor and turbine increases
the efficiency, they should be close to the maximum values of nsc <0,90 and
nst <0,92. For this, these values will be taken as nsc = 0.88 and nst = 0.90.
As the combustion chamber outlet temperature increases, the efficiency of
the system will increase and at the same time this temperature is the gas
turbine inlet temperature and the temperature that the gas turbine blades can
withstand is 1550 K, the combustion chamber outlet temperature will be
maximum around 1550 K. Parameters for local optimization can be listed as
follows [6, 7, 8]. (These values are also taken in this study.)

1-Obtained net power (turbine power and thermal power),

2- Temperature, pressure and flow rate of the obtained saturated steam.

3-Air compressor inlet temperature T; = 298,15 K (25 °C) and pressure P, =
1,013 bar (latm) and air molar components 77.48% N,, 20.59% O, 0.03%
COQ, 1%, 9 Hzo (g)

As dependent variables, exhaust products are the energy used by the
compressor, the power and pressure from the turbine and the pressure and
temperature in the flow lines. These are air compressor outlet pressure and
temperature, combustion chamber outlet pressure and temperature, gas
turbine outlet pressure and temperature and waste heat recovery device
exhaust outlet temperature [7, 8].

o
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% 000 —------_ Tos
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Figure 4. Effects of excess air coefficient on FESR for various compression
ratios.

The maximum yield values obtained are local values when the
modified nonlinear simplex direct search method is applied to achieve this
power by taking the net power constant (30 MW and 14 kg / s steam). If this
search is performed in all operating conditions where the power is constant
and the cycles can operate, the values obtained are global maximums and the
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maximum efficiency value that the cycle can output. These maximum
efficiency values should be sought for all compressor compression rates in
which the systems can operate. The iteration steps of the thermodynamic
local optimizations of the inlet air cooling cycle are given in Tablel.

Table 3. Iteration for local maximum efficiency values for constant power
(30 MW and 14 kg/s steam)
Air  Mass Ty Energy  Exergy Steam Mass Electric  Fuel

Rate (K) Efficien Efficien Capacit Power Mass
pacity
(kg/s) cy cy (Kg/s) (kW) Rate
(ke/s)
91.3! 1272 0.7074  0.4609 14.17 26212 1.64
91.3° 1334 0.7074  0.5032 12.16 31628 1.64
91.3° 1334 0.7365 0.5137 13.15 31628 1.64
86 1373  0.7446  0.5143 13.53 31322 1.64
82 1405 0.7507 0.5142 13.85 31025 1.64
78 1440 0.7568  0.5135 14.19 30657 1.64
78 1422 0.7538  0.5139 13.68 30094 1.6
78 1426 0.7545  0.5138 13.81 30236 1.61
76 1445 0.7577  0.5134 13.98 30037 1.61
75.7 1447 0.758 0.5133 14* 30000 1.609

' 1,c=0.86 and 14=0.86 and r=10

2 1,=0.88 and 1,=0.90 and r=16 is taken
* For exhaust outlet temperature 400 K

* Steam mass rate 14 kg/s

The global maximum yields are the values found when the power is
not taken constant and all the operating conditions in which the cycles can
work are taken into consideration. The efficiency decreases when the
combustion chamber outlet temperature is increased. This is due to the fact
that the maximum efficiency is achieved at a certain air fuel ratio, which
decreases when the air fuel ratio value is reduced to increase the combustion
chamber outlet temperature.

CONCLUSION

As the compressor compression ratio increases in the specified
conditions and range, the work obtained increases, but the heat energy
obtained decreases. As the excess air coefficient of the inlet air cooling
cogeneration cycle is higher than 3.5, the network starts to decrease. As the
compression rate increases, the heat power of the system decreases (as more
electrical power is obtained). Since the increase in the air excess rate
decreases the combustion chamber outlet temperature, the temperature of the
exhaust at the turbine outlet decreases and the amount of heat to be
transferred in the waste heat recovery device decreases. The system’s exergy
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efficiency increases as the compression rate increases. The inlet air cooling
cycle reaches maximum efficiency at a rate of the excess air rate of 2-2.5
and then decreases with increasing the excess air rate. As the compressor
compression ratios of the inlet air cooling cycle increase, the exergy
efficiency is going to be on maximum at lower excess air rates. When the
change in the electric power of the cycle with the excess air coefficient is
examined in the changing compressor inlet air temperatures, the power
obtained from the turbine increases as the work spent in the compressor
decreases as the inlet air temperatures decrease.

In the literature, cycles are optimized for a given power, which gives
local optimizations. However, the global optimum is obtained when the
optimum search is made considering all operating conditions in which the
cycle can operate.
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Regardless of the level of development of the food and agriculture sector,
it affects an area ranging from the social and economic systems of countries
and societies to nutrition and health systems. This sector is not only limited to
meeting the food demand but also has a position that meets the input needs in
many fields. It is an economically critical sector, such as providing labor to the
industry and service sector and contributing to rural development and growth.

With the rapidly increasing population, a long-term sustainable solution
is needed for nutrition, which is a basic need. Future population growth pro-
jections made by the United Nations every two years are estimated to be 9.7
billion in 2050 and 10.9 billion in 2100 at the 95% confidence interval. To
meet the nutritional needs of this population, it is foreseen that today’s pro-
duction capacity will increase by 70%. The projected population growth graph
is given in Figure 1 (PM, 2020). The rapid increase in the world population,
the global epidemic, the employment of agricultural workers causes problems
in the farming sector and food. Naturally, with the rise in population, there is
a need for more food globally. The agricultural sector, which has an increas-
ingly strategic place, is experiencing severe difficulties meeting this demand.

World: Total population

wr 95% prediction interval

Total population [billions)

T
2000 2025
Yoar

Figure 1. Population growth graph predicted with 95% confidence over the years

On the one hand, the world population, on the other hand, the increase in
urbanization increases the demand for food. Agricultural areas gradually de-
crease due to soil erosion, deforestation, misuse, overgrazing, improper crop
rotation, and unbalanced fertilizer use. In addition, climate changes cause a
decrease in yield and production in agriculture. Deterioration of arable land in
the world over time and reducing usable water resources have caused the eyes
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to turn to agriculture and climate changes. Even the scenarios where there may
be wars over food and water in the future reveal the issue’s importance. In ad-
dition to these adverse effects, it is expected that the rate of agricultural land
that can be cultivated will decrease with the climate changes. In the study car-
ried out, it was emphasized that 44% to 57% of all greenhouse gas emissions
originate from the global food system, while 11%-15% of them are caused
by agriculture. Most of these emissions come from industrial inputs such as
chemical fertilizers and gasoline to power tractors and irrigation machines.

The continuation of this increase in harmful gas emissions accelerates
climate change, and the future is being taken away from us gradually. In Fig-
ure 2, the contribution of Grain’s industrial food system to the climate crisis is
modeled (Grain, 2020).

The difficulties/problems in meeting the global food need with the current
agricultural production model have accelerated the establishment and spread
of the technology-intensive production model in agriculture.

Kaya, 2019 also stated that agricultural production and food supply are de-
creasing in an environment where the world population is increasing. There is a
concern that a global food crisis may occur. Each country should take measures
to meet its domestic consumption and increase production permanently.

How the industrial food system contributes to the climate crisis

Between 44% and 57% of all GHG emissions come from the global food system

Other-non food
related emissior

Farming: 11-15%
It is generally acknowledged that farming itself contributes 11-15% of

all greenhouse gasses produced globally. Most of thece emissions
result from the use of industrial inputs, such as chemical fertilisers and

petrol to run tractors and irrigation machinery, as well as the excess
manure generated by intensive livestock keeping.

Figure 2. Contribution of the industrial food system to the climate crisis.

The need for sustainable agriculture and food systems in the agricultural
sector, which has more strategic importance with each passing day, has made



274 - Ayten YILMAZ YALCINER, Tijen OVER OZCELIK, Zeynep Banu YAMAN

integration with technology a necessity. Artificial intelligence and digital tech-
nologies in many different production processes such as irrigation, spraying,
fertilization, and harvesting increase productivity. Collecting and analyzing
the data in these processes and performing the labor with autonomous systems
affect the costs positively in agriculture and is seen as one of the most effective
solutions in meeting the increasing demands for food and agricultural workers
(Kirkaya, 2020).

In this section, the issue of digitalization in the agriculture and food sector
is discussed, and an example of an application supported by artificial intelli-
gence in sugar beet production is presented.

2. DIGITAL FARMING, AGRICULTURE and FOOD INDUSTRY

In order to ensure digitalization in today’s rapidly changing world dynam-
ics, high technologies that are effective in every sector and field must be used
(Korkusuz Polat and Baran, 2022) Events such as limited natural resources,
climate change, and food waste will create pressure factors as compelling fac-
tors in meeting the demands expected to increase in the future with traditional
methods used from past to present. To increase production, it is necessary to use
technology to eliminate the factors that create this pressure. This means, in the
most up-to-date terms, to produce with intelligent agriculture (De Clercq et al.,
2018). The vehicles used at every stage of agricultural production are equipped
with sensors, ensuring that the machines communicate with each other during
the entire production process. With agricultural tools and fields equipped with
sensors, it is aimed to maximize the yield by giving detailed information to the
farmers on what field and what kind of fertilizer they should use, weather condi-
tions, the amount of mineral and irrigation needed by the plant, the condition of
the soil, and the estimated harvest time. In this way, producers have the oppor-
tunity to manage and observe the entire planting area with intelligent technology
devices, minimize labor power and production input costs, and have the chance
to obtain high-quality and high quantity products (Kahraman, 2017).

Agriculture, which is supported by every state in terms of its strategic im-
portance in economic growth and development, is seen as an indispensable
sector due to reasons such as feeding the country’s population, contributing
to national income and employment, meeting the sectoral raw material needs,
and contributing to exports. It is even mentioned that among the economic
development indicators of the countries, the agricultural production value of
the country in question to meet its own food needs is added. (Dogan et al,,
2015). Considering the share of Information and Communication Technolo-
gies (ICT) products in total exports and imports, it is seen that countries that
have adapted to the Agriculture 4.0 process have high values in both exports
and imports of these products. These countries have been able to increase their
productivity with technology (ITB, 2018).
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With this strategic importance of agriculture and the fusion of agricul-
ture and information technologies, many new technical terms have started to
be heard in daily life: such as sustainable agriculture, digital agriculture, and
intelligent agriculture, precision agriculture, farm management software, and
driverless (autonomous) vehicles. The most common use is smart agriculture;
It includes an advanced system approach where control, electronics, comput-
ers, databases, and account information. The components of this technology
include basic systems such as global positioning systems, geographic informa-
tion systems, variable rate input applications, and remote sensing (Kaya, 2019).

The concept of “sustainable agriculture” refers to an economically, so-
cially, and environmentally balanced agricultural system with the long-term
protection of natural resources and ensuring their productivity. Sustainable
agriculture aims to keep the economy alive, increase the quality of life of ag-
ricultural workers, and develop supportive activities by reducing the damage
to the environment while increasing productivity in agriculture. The concept
of sustainable agriculture should be considered as suggestions and strategies
designed to solve the problems originating from industrial agriculture (Velten
etal,, 2015). The sustainability-themed work carried out by the United Nations
Food and Agriculture Organization (FAO) ensures continuous development
at the desired extent without disturbing the natural balance, where agricultur-
al production resources are limited for the world. FAO’s future work for the
Sustainable Development and Sustainable Development Goals “2030 Agenda”
consists of global issues given in Figure 3 (ASDG, 2017).
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Figure 3. Sustainable Development Goals for FAO 2030, More detailed information can
be found in the referenced document.

Sustainable agriculture; With the use of agricultural robots to achieve
economic, social, and environmental goals, it is possible to facilitate agri-
cultural operations and develop alternative solutions to problems that need
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solution or improvement (Ozgiiven, 2019). Smart Agriculture practices are
expected to play an essential role in overcoming these anticipated negativ-
ities. Smart Agriculture applications that came to the fore with Industry 4.0
components; reduce costs by making sustainable agriculture possible, support
farmers’ production activities, and offer solutions to the sustainability of food
production in feeding an ever-increasing population. Examples of Agricul-
ture 4.0 technologies can be given as drone technology, agricultural robots,
irrigation automation, variable-rate fertilization systems, automatic animal
milking-feeding systems, greenhouse air conditioning automation, prediction
and early warning systems for pests, smart farm applications (Pakdemirli et
al., 2021)

Thanks to Smart Agriculture, more efficient, productive, and sustainable
agricultural production in terms of resources is possible. From the farmer’s po-
int of view, Smart Agriculture provides added value in better decision-making,
more efficient business operations, and management. In this context, smart
agriculture is associated with three technology areas. These; Management In-
formation Systems, Precision Agriculture, and Agricultural Automation-Ro-
botics. Thanks to Management Information Systems, healthy decision making
is possible thanks to data collection, processing, storage, and dissemination ac-
tivities necessary to fulfill the functions of a farm. At the same time, economic
and environmental efficiency is ensured by managing spatial and temporal va-
riability thanks to precision agriculture (Duman and Ozsoy, 2019)

The main benefits of smart agriculture systems can be listed as follows;
(ATP, 2019).

» Creating the conditions for sustainable production
« Reducing chemical input costs such as fertilizers and pesticides,
« Providing a high amount of quality products,

« Ensuring a more effective flow of information for business and breeding
decisions, and

« Establishment of registration order in agriculture.

Software

Sensor(s)

Figure 4. Information-based management cycle for advanced agriculture
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The technologies that make smart agriculture possible and mentioned
above are the components of Industry 4.0; the internet of things, cloud com-
puting, big data, autonomous robots, and cyber-physical systems (Duman
and Ozsoy, 2019). Thanks to the current developments in knowledge-based
management systems, smart agriculture becomes possible and enables it to
grow exponentially. In Figure 4 (Saiz-Rubio and Rovira-Mas, 2020), knowl-
edge-based advanced, innovative agriculture management is modeled. In
smart agriculture, producers can increase productivity and sustainability by
taking advantage of objective information obtained through sensors in deci-
sion-making. With the help of robotic solutions, data-based intelligent farm-
ing techniques lay the groundwork for the sustainable agriculture of the future.
This way, processes are reviewed, and crop fields are optimized while protect-
ing the environment and saving money by improving food quality (Saiz-Ru-
bio and Rovira-Mas, 2020). Automated systems in agriculture and food can
collect hundreds of data on a single food product in a matter of seconds and
quickly evaluate it. For example, a system can collect and process data from
hundreds of unique contents as they move rapidly on a conveyor belt; these
systems can significantly reduce labor costs and waste (Di Vaio et al., 2020)

2.1. Agricultural Revolution & Agriculture 4.0

When the policies developed for agriculture are examined; Topics such
as globally competitive and environmentally friendly agriculture, agricultur-
al production, policies that support the security of supply, and dissemination
of technology in agriculture are discussed. When these issues are examined;
It is seen that meeting the food needs of the growing population, increasing
production and efficiency, increasing the level of self-sufficiency in agricul-
tural products, increasing agricultural incomes and providing continuity to the
income provided, increasing the export of agricultural products, development
of rural areas and ensuring the use of new technologies in agriculture (TCKB,
2018). When the process of industrial revolutions is examined, the aim is to
provide convenience in production systems. In short, with the fourth industrial
revolution-Industry 4.0, the agricultural sector has also been integrated into
technology. It has passed through certain stages until its current state and has
become the most advanced. Agriculture 4.0 is handled by starting from an
Industry 4.0 component, especially the internet of things, and is defined as a
primary sector. In this context, the studies carried out in the countryside were
examined. From this point of view, the innovations in the industrial sector and
the revolutions in agriculture in recent years can be listed as follows. The ag-
ricultural technology revolution started with Animal power, namely Agricul-
ture 1.0, combustion engines defined Agriculture 2.0. By making GPS signals
available to the public, precision farming has made Agriculture 3.0 possible
in recent years (Marucci et al., 2017). Today, farm activities defined by Agri-
culture 4.0 are now connected to the cloud. Following the European agricul-
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tural machinery from 2017, the next step is Agriculture 5.0 and is defined as
businesses digitally integrated with robotics and some artificial intelligence of
production processes (Zambon et al., 2019; Lee et al., 2015). In Figure 5. the
revolutionary process in agriculture is visualized based on technology.

Agriculture
5.0
Invatvement of
autonomous systems
in rursl aress

Agriculture Agriculture Agriculture
20 3.0 4.0
Useofenginesin  Precision farming Connected
agriculture applications farming practices

Figure 5. Revolutionary Process in Agriculture

The agricultural revolution is based on two key components.
v' Biotechnology; GMO, CRSPR, Cell culture, tissue culture, etc.

V' Information technologies and new generation mechanization; Agri-
culture 4.0 is the name given to this field, and it has two main components.

e Digital agriculture; Data collection

o Smart farming-Precision farming/ (Smart/precision farming); Precision
Farming practices (Pakdemirli et al., 2021).

In the literature, there are many studies conducted with digital agriculture
and food technologies.

With cloud-connected and camera mini uncrewed vehicles (drones), the
entire farm and field can be monitored, and timely intervention can be made.
This process reduces both work efficiency and costs. In addition to digitali-
zation in the production process, innovations are also observed in produc-
tion spaces. Vertical indoor agricultural production practices are becoming
popular, serious investments are being made, and solutions are being sought
to increase future food demand by growing plants in the desert and sea. It
is aimed to increase productivity and reach the optimum production level in
agriculture with an economy based on innovation and knowledge. (De Janvry
and Sadoulet, 2010).

With Bosch's innovative technology, an intelligent irrigation management
system has been installed for olive trees in Spain, and this system uses wire-
less sensors placed in trees to determine water needs. The aim is to reduce
water consumption, to irrigate sensitively according to weather conditions and
actual needs. Cloud-based solutions and connected microelectromechanical
sensors are being developed (Kilavuz and Erdem 2019).
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3. AGRICULTURE 4.0 and FOOD 4.0 TECHNOLOGIES

The concept of Industry 4.0 is a concept that expresses “together” that
brings together technologies and “value chain” concepts (Lu, 2017). In this
context, applying essential Industry 4.0 technologies (IoT, Artificial Intelli-
gence, Robotics, Sensors, Blockchain, etc.) to the aforementioned sectors,
similar technologies manifest themselves with practical applications under the
central theme of Agriculture 4.0 and Food 4.0.

3.1. IoT and Big Data

Industry 4.0 connects all machines that can autonomously control them-
selves and each other along the created value chain through intelligent net-
works. The virtual object structure in this process is connected by the Internet
of Things (IoT), and IoT brings together the concepts of “Internet” and “ob-
ject” in agriculture as well as in industry. Some key features of loT can ex-
plain this process/structure. These; interconnectivity can be expressed as ob-
ject-related services, heterogeneity from various devices in the [oT, dynamism
(change of device state over time), and high scalability (Zambon et al., 2019).

A large amount of data flow occurs with [oT technology, which offers
new opportunities to monitor agriculture and food sector processes. Big data
collected through both sensors and social media is becoming essential for
these industries (Misra et al., 2020).

The connectivity of agricultural machinery, which is one of the support-
ing elements of digital agriculture, has an important place. Data collection and
automation in agriculture through machines connected to the IoT is thought
to increase yields and reduce costs for farmers. In Figure 6 (Zambon et al.,
2019), Agriculture 4.0 and the virtual object structure are expressed visually
(Zambon et al., 2019).

Intelligent 5, devices, prodi or
Advanced with sensors, ies and
communication

Software/learning system

Reactive, predictive, social
5 - i

Data transfer and Infrastructure
Cloud-based

Data analysis Big data _
Resource and system optimization Very complex value chain
Smart computing

People, Processes and Systems
Social, connected, etc.

Figure 6. Agriculture 4.0 and virtual object structure.

Environmental conditions at different points in a farm can be measured



280 - Ayten YILMAZ YALCINER, Tijen OVER OZCELIK, Zeynep Banu YAMAN

with IoT-based sensors. Cloud-based platforms can be used to collect and in-
tegrate this data. Artificial intelligence algorithms can work in information
extraction and prediction. The farm manager can obtain such conditions, inst-
ructions, or necessary actions over the internet. All these activities are examp-
les of applications that can be given within loT-based monitoring and control
scope as can be seen in Figure 7 (Misra et al., 2020).
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Figure 7. IoT-based monitoring and control of greenhouse cultivation environments.

In the greenhouse environment monitored using loT-based sensors, Misra
et al. examined the role of [oT and big data analytics in agriculture, including
smart agricultural machinery and drone-based crop monitoring, in social me-
dia and supply chain modernization They discussed food quality assessment
and food safety.

The data obtained through IoT, which is an important data source, can be
used very effectively in many areas with the advantage of having features such
as heterogeneity, diversity, redundancy and lack of structure (Korkusuz Polat
and Memika, 2023).

3.2. Robotics and Sensor Technology

Robotic farming accelerates the most repetitive tasks, such as harvesting
herbs and fruits or packaging. Drones and self-driving tractors enable preci-
sion farming models to be put into practice. Robots can calculate the soil and
crops’ exact condition or connect to satellites to figure out how much water
is needed. This information is a valuable resource that allows farmers to re-
duce chemical inputs, machinery, and water by using information about soil,
temperature, humidity, farm equipment, livestock, fertilizers, dirt, and crops
planted (Di Vaio et al., 2020)

John Deere, the world’s largest agricultural machinery manufacturer, can
monitor crop yield, seeding, and planting, humidity, etc., through automatic
sensors in the machines it produces. Data is collected. The information is then
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fed back to a cloud-based interface and mobile app. Small farmers can use this
app to harvest as efficiently as large agricultural conglomerates do (PC, 2017).
A schematic representation of the IoT and big data framework in the agri-food
sector is shown in Figure 8 (Misra et al., 2020).

3.3. Artificial Intelligence Technologies

One of the aspects that need to be precisely analyzed in the agriculture
and food sector is the application of artificial intelligence to the agri-food sec-
tor, which combines modern sensory technologies with computer processing
capacity. Machine learning and deep learning, computer vision processing,
learning-intelligent systems, robots and software robots, natural language pro-
cessing, etc. Technologies can be said to be the main ones among artificial
intelligence technologies that improve agricultural product quality and retail
services (Di Vaio et al., 2020).

Device sensors within an loT network provide large volumes of data con-
stantly flowing into a “data lake” with the help of a local physical server or
cloud-based storage (i.e., distributed over the internet worldwide) with appro-
priate bus and data processing technologies. (Misra et al., 2020)
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Figure 8. A schematic representation of the IoT and big data framework in the agri-
food sector (Misra et al., 2020)

The role of artificial intelligence in the food industry is becoming in-
creasingly important due to its ability to help save food, improve the hygiene
of production areas and quickly clean more processing equipment. In short,
artificial intelligence and machine learning are used in many different regions
of the food industry.

Artificial intelligence applications in the food industry can be given under
the following headings;

To classify food,; Optical sensor-based solutions with machine learning
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capabilities are among the most advanced artificial intelligence applications in
the food industry. Through cameras and sensors, food is visualized according
to the consumer’s wishes, so consumers can order according to their pref-
erences, save time and money in production and improve the quality of the
product.

For food industry supply optimization, Al can support testing and moni-
toring food safety products at every stage of the supply chain.

To ensure hygiene standards,; Impeccable food and beverage preparation
for customers (Di Vaio et al., 2020)

3.4. Machine Learning/Image Processing Technology

One of the most common applications in agriculture, supported by vi-
sion sensors and artificial intelligence algorithms, is based on real-time visual
maturity detection of products (fruits, vegetables). In this way, the harvesting
process ensures the efficiency of these processes and estimates the crop load.
Variable lighting conditions and identifying the right fruit in the orchard are
essential issues that need to be addressed.

Different types of sensors and their combinations can be used to address
these problems and various image processing techniques.

Robotic grippers, machine vision, robot carriers, and control systems de-
veloped for harvesting and collecting products without damaging them are
among the application examples frequently encountered in the literature. In
particular, sensors, robotic technology, and image processing technologies are
mentioned intensively in determining the maturity of fruits, harvesting, and
collecting them. (De-An et al., 2011; Sa et al., 2016; Yi-Chich CHIU et al.,
2013; Baeten et al., 2008; Silwal et al., 2017; Gongal et al., 2015).

3.5. Blockchain Technology and Food Supply Chain

Today, instead of the old approaches in food processing and presenta-
tion to the consumer, it has become an essential issue for food safety, both to
produce safer food by increasing the consumer’s awareness and re-examine
and re-present the food legislation of the countries. Food-related health prob-
lems, deaths, and potential risks in recent years have created great distrust
among consumers and increased the sensitivity of consumers to food safety
and quality, especially in developed countries (Kilavuz and Erdem, 2019).
Some traditionally record on paper, while others record digitally. This means
that all components cannot communicate with each other without interruption.
Therefore, the system is limited to traceability capabilities, which are often
described as “one step forward and one step back”. Combining traceability
data by sifting through hundreds or even thousands of documents during a
foodborne outbreak can be slow and complex and is often not an effective
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way to identify and inform action through lessons learned to prevent future
episodes (Yiannas, 2018)

Technology makes it easy to simplify and integrate agricultural supply
chains, improve food security, reduce risk in trade finance and promote inclu-
sive trade. It focuses on digital technologies, above all Al and machine learn-
ing, Internet of Things (IoT), Cloud, and Blockchain, to realize the traceability
of supply chains. Another use of [oT technology in the food industry is virtual
IoT-based supply chain applications. The primary purpose here is to minimize
the risks in the food supply chains.

Monitoring and verifying the food supply chain to understand reliability
is critical to identifying and addressing worldwide disruptions in the food sup-
ply chain. The way to solve traceability problems and ensure transparency is
to use blockchain technology.

Supply chain actors include the movement of each product in the supply
chain, transportation and storage conditions, and all inputs and applications
used on the farm (fertilizers, feed, irrigation, veterinary services, etc.). An-
other important aspect of this technology is that it can monitor every move-
ment in the journey from production to sales for every registered product in
the product supply chain. In this way, all consumers can observe the process
transparently, risks can be followed, and it is possible to detect problematic
products as soon as possible and prevent their consumption or recall them
(Tripoli and Schmidhuber, 2018).

In the food industry, real-time monitoring of products during storage and
transportation (critical conditions for food such as temperature, humidity,
shelf life), traceability to minimize food safety risks, instant information, big
data acquisition, and data analytics applications, data security, and the preven-
tion of food hazards; as a result, cloud technology and blockchain applications
in this context are essential benefits in the field.

Yiannas (2018) mentions in his study that the food supply chain is not a
chain. While there is no doubt that today’s food system provides consumers
with a more diverse, convenient, and economical food source, it also presents
new challenges.

Yiannas’ Walmart example can be given as an example in this context.
A study conducted by Walmart and IBM to trace sliced mangoes from South
and Central America to North America has revealed the potential benefits of
blockchain, highlighting the significant gap in current traceability procedures.

Verdouw et al. (2016) discussed the virtualization of the food supply
chain via IoT and establishing an information systems architecture to provide
defense against supply networks spanning broad geographical areas and glob-
al risks. The study states that through the integration of real-time product ob-
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servations through IoT devices, supply chain virtualization will enable stake-
holders to take immediate action when deviations in processes (for example,
temperature fluctuations leading to changes in product quality) are observed.

With the intensive use of technology in agriculture, the increase in inno-
vation in five different areas draws attention;

o Increasing the efficiency of the value chain (Direct delivery to the con-
sumer, meal Kits, food e-commerce, etc.).

e Drones, robots, big data and sharing platforms, and irrigation, soil,
and crop technologies to increase crop productivity.

e Innovations in agrochemicals, bio-materials, and bioenergy to reduce
the ecological footprint.

e Plant-based foods for sustainable protein needs.

e Indoor and vertical farming, Smart greenhouses (USB, 2017)

4. CASE STUDY: SUGAR BEET PRODUCTION

In this section, an application study was carried out with an intelligent ap-
proach in the production of sugar beet, which is the raw material of sugar, one
of the basic foodstuffs. Before the application, information was given about
seasonal workers and why the sugar beet plant was handled.

One of the sectors negatively affected by the global Covid-19 epidemic
is agriculture. Many farmers who employ seasonal workers in our country
were adversely affected by this process, and the products were left to rot in
the fields. Another important disadvantage is that people leave agriculture and
migrate to cities. Agricultural autonomous robots are the only solution for
farmers who are faced with labor shortages.

During the epidemic, curfews, in particular, led people to buy more food
than they needed, agricultural production, and food distribution. Accordingly,
the mobility of seasonal farm workers and working and living conditions on a
global scale came to the fore. It also showed how vital seasonal migrant farm-
workers are in agriculture and the food supply chain (KA-ILO, 2020).

Those working in the sector are of great importance in global and national
food supply (UN-LO, 2020). When the workers in the agricultural industry are
examined, it is seen that they are employed in three different statuses. These;
permanent workers, seasonal workers, and temporary workers. Seasonal
workers are employed by the employer at certain times, for certain periods, or
periodically during the year, depending on the seasons due to the nature of the
work (Temir, 2020). About 5 million people are employed in the agricultural
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sector in Turkey. Seasonal migrant agricultural workers, who generally partic-
ipate in the migration process from the Eastern and Southeastern provinces of
Turkey, work at certain times of the year in about 50 regions of Turkey in jobs
such as soil preparation, sowing, planting, hoeing, weeding, spraying, irriga-
tion and harvesting. Nuts, tea, fresh vegetables, tomatoes, grapes, pulses, sug-
ar beets, onions, citrus, cotton, etc. They are essential products for seasonal
agricultural labor (KA-ILO, 2020). Sugar beet, one of these products, is vital
for Turkey in terms of agriculture-based industry. It is a product that has so-
cial effects and creates inputs for many sectors and provides vast employment
opportunities. About 76% of sugar, one of the most basic foodstuffs, is pro-
duced from sugar cane and 24% from sugar beet. In Turkey, sugar is produced
entirely from sugar beet and comes after countries such as Russia, France, the
USA, and Germany, with approximately 18.9 million tons annual production.
Sugar beet, which creates an essential economic added value, is an industrial
plant that contributes to Turkey’s agriculture and economy. It ranks second in
terms of the added value it provides among industrial plants (TEPGE, 2020).
In this context, sugar beet harvesting based on digitalization was carried out in
the application part of the study. While vegetable harvesting and greenhouse
cultivation are carried out actively at any time in Turkey, sugar beet harvest is
done at certain times of the year. Sugar beet harvest is very active, especially
between September-November and May-June (TEPGE, 2021).
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Figure 9. Total sugar consumption worldwide 2009 to 2021.

As can be seen from Figure 9 (Statista, 2021), world sugar consumption
is increasing every year. In this context, sugar beet, one of the agricultural
products with high added value, is of great importance for our country as it is
for the whole world. The alternative to sugar beet in sugar production is cane
sugar, and approximately 80% of the sugar produced is produced from sugar
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cane. Sugar beet-producing countries; can be counted as Ukraine, Russia, Tur-
key, and European Union countries (TEPGE, 2020). The fact that the geogra-
phy of our country is not suitable for sugar cane agriculture has highlighted
sugar beet in obtaining sugar. Sugar beet is a product that is highly resistant to
cold and ideal for continental climates (Koday and Y1ildirim, 2021). There are
ten starch-based and 33 beet-based sugar producers in our country (TEPGE,
2020; Karabina, 2021).

Table 1. Turkey Sugar Beet and Sugar Data (thousand tons)

2014/15 |2015/16 |2016/17 |2017/18 [2018/19 |Change
(%)!
Sugar Beet 2.888 |2.742 |3.224 |3.393 |2.921 -13,9
Planting Area

(1000)

Sugar Beet 5.824 |5.837 6.076 |6.234 5969 |-39
Yield (kg/da)

Sugar Beet 16.743 |16.023 |19.593 |[21.149 |17.436 |-17,6
Production

(ton)

Sugar 2.058 1.976 |2.559 |2.770 (2.273 |-17.9
Production

Sugar 2.040 |2.062 |2.448 [2.349 |2.505 |6,6
Consumption

Sugar Stock |- 153 -41 116 424 -405 -195,5
Change

Sugar Import | 133 328 311 291 242 -16,8

Sugar Export | 273 252 269 251 378 50,6

TUIK (TURKSTAT), !/ Data shows the change in the last two years. Mar-
ket period September-August (TEGPE, 2021).

Table 1 (TEPGE, 2020) shows the sugar beet and sugar data in Turkey
between the years 2014-2018. In Turkey, sugar beet farming is carried out in
all regions except the Eastern Black Sea, Aegean, Mediterranean coastline, and
Southeastern Anatolia Region. According to TUIK data; In 2019, sugar beet
was planted on a total of 3.1 million decares in Turkey. Compared to the pre-
vious production period, Turkey’s sugar beet cultivation areas increased by
7.4% in the 2019/20 production areas. In Turkey’s 2019/20 production period,
sugar beet production was 18.1 million tons, rising by 3.5% compared to the
previous production period. The most important reason for this increase is
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considered to be the increase in the number of farmers producing sugar beet
and the increase in the production area accordingly. With a population of ap-
proximately 83 million, Turkey is a vital sugar consumer. Turkey’s total annual
sugar and sweetener consumption is around 3 million tons. Beet sugar con-
stitutes 2.7-2.9 million tons of this. According to TUIK data, the total yearly
sugar consumption per capita in Turkey in the 2018/19 market period is 30.5
kg (TEPGE, 2020).

Only a few start-up companies worldwide are mainly in the research
phase of applications for land and air vehicles that can harvest and commu-
nicate with each other. At the same time, there is a need for a data set on the
development of agricultural products in our country.

4.1. Case Study Stage#1; Thanks to the OPEN CV Python program,
which sugar beets were ripe and ready for harvesting was determined. Thanks
to the sugar beet leaf images uploaded to the system, a data set was created,
and it was determined whether the product was ripe or not by comparison.
Which beet will be collected from which station was determined with the help
of crewless aerial vehicles (drone). Figure 10 shows sugar beet leaf images
loaded into the system.

4.2.Case Study Stage#2; 0-1 integer programming was used in order
to find the optimal picking time of the ripe sugar beets whose locations were
determined. In this way, it has been determined whether land vehicles collect
sugar beets or not. It has been selected by which land vehicle the beets within
the range will be collected. In Turkey, sugar beet is planted at a distance of
45 cm between rows and is generally singled out at a distance of 20-25 cm.
8000 plants in 1 decare give the best results in trials” (UPEK, 2021). Sugar
beets were placed in the problem regarding the study titled “Determination
of yield and quality characteristics of some sugar beet varieties in ecological
conditions” by Sahiner in 2020. While determining the harvest time, the study
of Sefaoglu et al. was taken as a reference (Sefaoglu et al., 2016).
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cv2.destroyAllwindows ()

Figure 10. Sugar beet leaf images uploaded to the system/introducing the image to the

system

Figure 11. Ideal dimensions for planting sugar beet.

g fhem

In this study, the distance between rows was 45 cm, and between rows
was 16 cm. The plots are 5 m long and consist of 5 rows. The study was cal-
culated on 30 parcels, considering three different harvest times for ten other
sugar beet species. The sugar beet distributions are as given in Figure 12.
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Figure 12. Sugar beet distributionsTwo different vehicles were assigned for the
collection; vehicle 1, Terranova, Gregoria, Bernache, Preziosa, Ouragon, was responsible
for beets. Vehicle 2; North 1 was held accountable for Libelliile, North 2, Danube, and
North 6. Lingo (LINGO 19.0 - Optimization Modeling Software for Linear, Nonlinear,
and Integer Programming) inputs and outputs prepared for Harvest 1 are as given in
Figure 13.
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Figure 13. Lingo inputs and outputs prepared for Harvest 1.

The areas marked in red show the sugar beets that have come to harvest
for Vehicle 1. The areas marked in green show the sugar beets that have come
to harvest time for Vehicle 2. The station numbers are given in order from
top to bottom. The following Table 2 and 3 have been created by calculating
the multiples of 16, taking into account the 16 cm parcel spacing between the
stops. For ease of operation, only the coefficient has been taken.
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Table 2. Stops that Vehicle 1 should stop by

Stopl |Stop4 |Stop8 |Stopll|Stopl5
@ @ 13 |* ®)
Stop 1 (1) 0 3 2 S5 4
Stop 4 (2) 3 0 3 2 3
Stop 8 (3) 2 3 0 2 2
Stop 11 (4) |5 2 2 0 3
Stop 15(5) |4 3 2 3 0

Tablo 3. Stops that Vehicle 2 should stop by

Stop 18 (1) |Stop 19 (2) |Stop 22 (3) | Stop 26(4) | Stop 29 (5)
Stop 18 (1) |0 6 3 6 3
Stop 19(2) |6 0 3 2 5
Stop22 (3) |3 3 0 4 2
Stop 26(4) |6 2 4 0 3
Stop 29 (5) |3 5 2 3 0

Lingo entries for Vehicle 1;

min=3*x12+2*x13+5*x14+4%*x15+3*x21+3*x23+2*x24+3*x25+2*x-
31+3*%x324+2%x344+2%x35+5%x41+2%x42+2%x43+3*x45+4%x51+3*x-

52+2*x53+3*x54;
x21+x31+x41+x51=1;
x12+x13+x14+x15=1;
x51+x52+x53+x54=1;
x12+x21<=1;
x23+x32<=1;
x45+x54<=1;
@BIN(x12);
@BIN(x21);

@BIN(x54);
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Lingo output;

Route: Stop 1 => Stop 8 > Stop 15 => Stop 11 => Stop 4

Similar operations were performed for the other vehicles. Figure 14 and
Figure 15 show Lingo inputs and outputs for those.
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Figure 14. Lingo inputs and outputs prepared for Harvest 2
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Assumes for the next processes

Assume# 1: It was assumed that different types of sugar beets mature
simultaneously in adjacent plots during the 2nd harvest, which reduced the
number of stops. The Terranova and Bernache beets in plots 3 and 9 are ready
for harvest at the 2nd harvest.

Assume#2: It was assumed that the North 2 sugar beets were not mature
at this harvest, which would reduce the number of stalls.

3. Harvest

Figure 15. Lingo inputs and outputs prepared for Harvest 3
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For vehicle 1, the number of stops has decreased as stops 7 and 13 are
next.

Table 4 and Table 5 shows vehicle 1 and vehicle 2 stops.

Table 4. Stops that Vehicle 1 should stop by

Stop 2|Stop 5|Stop7,13|Stop 12
1 (2) 3) “)

Stop 2 (1) 0 3 2 5

Stop 5 (2) 3 0 5 2

Stop 7 (3) 2 5 0 5

Stop 12 (4) |5 2 5 0

Route: Stop 7,13 => Stop 12 > Stop 5 => Stop 2

Table 5. Stops that Vehicle 2 should stop by

Stopl6 | Stop21 | Stop23,24(3) Stop25 | Stop28
(1) (2) 4) (5)
Stop 16 (1) 0 2 2 B 2
Stop 21 (2) 2 0 2 3 2
Stop23.24(3) 2 2 0 6 3
Stop 25 (4) S 3 6 (] 3
Stop 28 (5) 2 2 3 3 0

Route: Stop 25> Stop 21> Stop 23,24-> Stopl16-> Stop28

4.3. Case Study Stage#3-Suggestion: Harvest time of the sugar beets
can be collected as a database set. The number of the stall where they were
collected, the number of beets at the booth, the collection time of the fart-
hest beet at the stall (min), the time spent at the kiosk, the date of harvest,
the amount of precipitation in that period (mm), the highest temperature, the
lowest temperature. Average temperature, relative humidity %, a library con-
sisting of sugar beet yield can be created. It is a stage that sheds light on har-
vest optimization in the following years.

“When the average temperature is lower than ten and the sugar beet yield
is more than 1250, which beet species can be grown” and the harvest time can
be easily filtered.
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4.4.Case Study Stage#4; The Results of the Application

In the study, necessary adaptations were made on the optimal harvesting
of sugar beets for 10 different sugar beet species for 3 harvest periods without
the need for any seasonal workers.

As a result of the application study, it was seen that the sugar beets with
the highest yield in the 2nd harvest were Gregoria, Ouragan, Libelliile, North
6, North 1, and the sugar beets with the highest yield in the 3rd harvest were
Terranova, Bernache, Preziosa, North 2, Danube.

In addition, with the application study, it was aimed to establish a da-
tabase where many questions such as which sugar beet species were grown
more efficiently in which harvest period, how it was affected by climatic con-
ditions, how it was affected by the temperature difference.

Considering Turkey in particular, it is among the expected targets to con-
tribute to the digital library describing the development of agricultural prod-
ucts, which is tried to be developed, and to shed light on the optimization of
agriculture in the future. Precautions can be taken by predicting how the beet
will react to climate changes in future harvests.

This case study has two main expectations: The first is to analyze and
record which sugar beet is ripe, thanks to the unmanned aerial vehicle (like
drone) image processing technology. The other is to determine the route of
two land vehicles with, which is one of the optimization problem solving
methods, and to calculate the harvesting times as soon as possible. As a result
of the calculations, it was seen that a total of 46.14 seconds for Harvest 1, a
total of 41.74 seconds for Harvest 2, and a total of 48.28 seconds for Harvest 3
were sufficient. (While determining the speed of the land vehicle, the semi-au-
tonomous Ropa Tiger 6s on the market was taken as an example. Its speed is
8.4 kilometers per hour.)

After the programming and routing processes results can be summarized
in Table 6 and Table 7.

Table6. Three Harvest results with the two vehicles.

1. vehicle 2. vehicle
Harvest 1 19,8 sn 26,34 sn
Harvest 2 22 sn 19,74 sn
Harvest 3 26,34 sn 21,94 sn




294 - Ayten YILMAZ YALCINER, Tijen OVER OZCELIK, Zeynep Banu YAMAN

Table 7: Sugar ratios by the harvests.

Sugar ratio (yield) |Harvest | Harvest 2 Harvest 3
Terranova 1059 1264 1290
Gregoria 930 1120 1029
Bernache 949 1135 1136
Preziosa 1063 1171 1173
Ouragan 936 1183 1092
Kuzey 1 968 1034 956
Libelliile 879 1270 1106
Kuzey 2 799 - 1092
Tuna 1055 1287 1323
Kuzey6 891 1270 1118

As a result of the measurements, it was found which sugar beet species
was the most productive at which harvest time.

5. EVALUATION

Today, with the effect of the “Industry 4.0” revolution, the agriculture
sector has also been affected by the digitalization process in the industrial sec-
tor. It is estimated that the countries that do not keep up with the technologies
in agriculture will face difficulties in terms of food, especially with the predic-
tion that the demand for food will increase by approximately 70% despite the
needs of the rapidly increasing world population. It is thought that countries
that cannot follow the technology in the field of food and agriculture will be
condemned to buy food from outside.

In order to meet the increasing need for food over time, it has become im-
perative to approach the agricultural sector more innovatively and profession-
ally. It is seen that the innovations made or being made for the food and agri-
culture sector have the potential to fundamentally change the usual working
style of this sector. It is expected that food safety can be ensured by increasing
food supply with innovations in fields such as fertilization and irrigation, and
developments in smart applications, robot technologies, genetics and biology
will also make positive contributions to the sector by changing consumption
habits and working styles.

Smart agriculture is a technique that minimizes the damage to the envi-
ronment by using the resources at an autopimum level in order to increase the
product and soil management with the product and soil management in order
to increase the agricultural production. In this context, it is aimed to abandon
conventional agriculture and implement an application form that handles the



International Research and Reviews in Engineering II - December 2023 - 295

land with a non-homogeneous variable approach. The main element aimed
here is to use the inputs applied in agricultural production at the time, place
and amount when needed.

Thanks to digitalization, data obtained with smart tools is analyzed. These
smart tools facilitate aquaculture activities by analyzing in detail and in real
time, what amount and what kind of fertilizers should be applied to where,
weather conditions, minerals needed by plants and irrigation process, soil con-
dition, pest control, estimated harvest time. The aim of these applications; is to
maximize agricultural productivity compared to traditional methods.

Traditional farming methods have become inadequate today and provid-
ing a sustainable future in agriculture is possible with digital agriculture.

Thanks to digital agriculture;

e Saving labor and time,

e Increasing sensitivity to the environment

e Increase in production quantity and quality,
e Contribution to the economy and

e During the Pandemic, it is aimed to eliminate the labor-related prob-
lems experienced in the agriculture and food sector, as in every sector.
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I. Introduction

Nowadays, technological devices are an integral part of our lives and
even play a vital role in many places. An electroencephalography (EEG) sig-
nal is produced by the electrical activity of hundreds of millions of neurons
in the brain. This signal contains much information about brain activity and is
a voltage-type signal that changes over time [1]-[4] . The brain is also a very
important and mysterious organ of the human body, and for this reason, its
research value is always high. EEG signals are used in many areas [5]. Ad-
ditionally, various studies are available to facilitate its application in clinical
studies and practical use. In most of these invasive techniques, electrodes are
placed around the skull. The disadvantage of this is that the signals are read
through the thick bone of the skull and therefore the signals are attenuated [6].
The amplitude of raw electrical data obtained with these methods is measured
in microvolts (uV). The EEG device consists of several electrodes that are
placed on the scalp according to a certain standard and record the electrical
activity occurring in different parts of the brain. The sampling frequency of
these devices varies between 128-1024 Hz. Researchers are working in depth
to reduce the cost of these devices. In addition to cost, the comfort of these
devices is also an important issue [7].

One of the most popular areas of using EEG is in noninvasive brain-com-
puter interface (BCI) systems [8] [9]. EEG-based noninvasive BCI technol-
ogy is a method of human-computer interaction. Human beings can commu-
nicate with their environment independently of their peripheral nerves and
muscle tissues, that is, interaction between the human brain and computers or
other peripheral devices can occur, and thus they can control the environment
without using any muscles.

When we look at the usage areas of BCI systems, it seems that they serve
many areas. Emotion detection, digital marketing, customer surveys, etc. It
opens a new era of progress by being used in many areas such as. The brain’s
response and neural activity to colors, design, texture, and other customer-fo-
cused features have been studied in depth. On the other hand, a product can
now be designed and released later. When all of these come together, it is pre-
dicted that a revolution will be created in the mentioned areas. It is currently
being used, albeit in a small way, as an important mechanism in the renewal
of commercial lie detection solutions, and efforts are ongoing to make such
applications accessible to everyone soon [10].

The first reason for the emergence of BCI systems, that is, helping dis-
abled people, has also provided great benefits in the field of health. For exam-
ple, BCI systems designed for people with paralysis related to motor functions,
interactive platforms for people with severe motor dysfunction, controllable
wheelchairs based on EEG signals, and BCI systems based on Visual Evoked
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Potential (VEP) signals can be listed. BCI also has great potential for reliable
monitoring of a person’s mental state, classification of stress, and studying
patients suffering from post-traumatic experiences, depression, and anxiety, or
in a qualitative study of their rehabilitation during motor functions.

BCI systems are currently the only promising means of communication
between two people without any special physical movement [11]. Although
these systems were introduced a long time ago, they are not yet offered to
users actively and reliably, and the work is still ongoing. Even though tech-
nology has come so far today, users still control a smartphone or a computer
using their muscles [12]. The real reason why BCI technology cannot market
its segment is the difficulties and differences in real-world problems. For this,
existing approaches and methods should be reviewed and it is very important
to test new ideas and methodologies. The aim is to do things by thinking only.
In conclusion, BCI systems deserve to be a complex and important part of the
human body.

The realization of BCI systems is thanks to artificial intelligence. Artifi-
cial intelligence and machine learning have made great strides in the last few
years, realizing many events that were once the subject of science fiction mov-
ies. Artificial intelligence has not only affected the work of researchers. By
extending from researchers’ laboratories to the real life of human beings, arti-
ficial intelligence has tremendously made human life much easier and greatly
improved the quality of life [13] [14].

Researchers working on BCI systems, after passing the obtained EEG
signals through pre-processing stages such as filtering and normalization, ex-
tract the signal features in time and frequency space and then classify them.
The ultimate goal, as mentioned, is to bring about the desired change in the
user’s environment. It is quite common to use Fourier transform (FT) based
methods for feature extraction. Machine learning methods such as support
vector machine (SVM) [15] and artificial neural networks [16] are widely
used as classification methods. Of course, in recent years, deep learning meth-
ods have affected BCI systems, as in all areas.

In this study, two different problems each one having two classes were
addressed by using classical machine learning methods. For this, the Mind-
bigdata dataset [17] was used. In this dataset, candidates were asked to think
of numbers between 0-9, thus a 10-class dataset was obtained. Then, the sub-
jects were asked to think about different things, and in this way, the 11th class
was recorded. this class is labeled -1. This experiment was conducted with
four different cost-effective EEG devices. In this study, signals recorded with
the MindWave (MW) headset [18], known as the most cost-effective device
with a single electrode, were discussed. In the first step, classes 0 and 1 were
classified with 30 different classifiers, and in the second step, all numbers
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were classified against class -1. For this, the recorded two-second signal was
first passed through a 4th-degree Butterworth filter, and the basic 5 frequency
bands of the EEG signal were reached with wavelet transform. Then, features
were obtained from each frequency band with 7 different statistical methods
and were classified.

The rest of the study will be as follows: Section 2 describes the material
and method. In this section, the dataset used in the study and the steps in ma-
chine learning will be presented in detail. The results obtained will be given in
Section 3. The best methods will be discussed by measuring the results of the
methods used with different metrics. Finally, the conclusion will be given in
the last section, that is section 4.

II. Materials and methods

a) Dataset

An 11-class EEG signal was recorded in the Mindbigdata [17] dataset,
which was last updated in January 2023. In this dataset, candidates were asked
to look at digits 0-9 separately and think about them. This time is approxi-
mately 2 seconds for all digits. The procedures were repeated with 4 different
cost-eftective EEG devices. The list of these devices and the number of signals
obtained separately for each digit from each device are given in Table 1. As can
be seen in the Table, EEG devices with electrode arrays arranged according to
the standard 10-20 system were used to collect the data set. These devices are
NeuroSky MindWave, Emotiv EPOC, Interaxon Muse, and Emotiv Insight. The
signals obtained are raw signals and have not been subjected to any preprocess-
ing. Additionally, signals are not separated as train and test sets. As seen in the
table, one of the classes is labeled with the number -1. Signals of this class are
random actions that are not related to thinking or seeing numbers.

This study discussed signals recorded with the MindWave (MW) device,
known as the single-electrode and most cost-effective EEG device. The distri-
bution of signals in this device is given in Table 2. MindWave is a cost-eftective
EEG device with a single electrode and a sampling frequency of 512 Hz. This
device, which costs around $130 [18], records on the FP1 channel. The location
of this channel is shown in Figure 1.

Tablo 1. Distribution of the signals per device and digit

Device/Digit | 0 1 2 3 4 5 6 7 8 9 -1 Total
MindWave

(MW) 5,531 |5,498 |[5517 |5416 |[5381 |5568 |5476 |5,552 |5,545 |[5,450 |12,701 | 67,635
EPOC (EP) |[91,224 | 88,914 [90,930 | 92,652 | 88,886 | 91,994 | 91,322 | 88,718 | 91,728 | 91,882 | 2,226 | 910,476
Muse (MU) | 11,904 | 11,632 | 11,920 | 11,832 | 11,536 | 12,052 | 12,368 | 12,080 | 12,208 | 11,988 | 44,412 | 163,932
Insight IN)* | 6,305 | 6,740 |6,535 | 6,605 |6,620 |6,460 |6,425 |6,470 |6,590 |6,500 |0 65,250
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Tablo 2. Distribution of the signals per digit in MW headset

Digit 0 1 2 3 4 5 6 7 8 9 -1 Total
number
of

signals |5.531 5498 [5.517 |5.416 |5.381 |5.568 |5.476 |5.552 |5.545 |5.450 |12.701 |67.635

Figure 1. Channel locations [19]

b) Dalgacik doniisiimii

Many of the signals in our lives are not static, that is, the properties of the
signals change over time and do not remain constant. Time-frequency anal-
ysis is widely used to notice how a signal changes over any time interval, in
other words, it is used to localize events. The traditional way of time-frequen-
cy analysis is the Short-Time Fourier Transform (STFT). For this, the Fouri-
er transform of the signal is taken over short windows, and the spectrogram
graph is obtained. STFT has limitations in resolutions due to Heisenberg’s un-
certainty principle. Improvement in time resolution leads to poorer frequency
resolution and vice versa, improvement in frequency resolution leads to poorer
time resolution. To avoid this problem, wavelet transform takes advantage of
the property of low-frequency signals to spread over time and high-frequency
bursts occurring in short intervals [20].
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The wavelet transform has a wavelet and makes use of variable window
sizes. Wavelet analysis is generally applied in two ways: Continuous Wavelet
Transform (CWT) and Discrete Wavelet Transform (DWT). DWT is one of
the frequently used methods in EEG signals and especially in BCI systems.

DWT decomposes the signal into two;
1- average or low pass signal using a scaling function
2- difference or high pass signal using wavelet function [20]

Conventional DWT repeatedly decomposes the low pass signal to the de-
sired decomposition level with the same scaling and wavelet functions, so that
the desired frequency range can be easily reached. The traditional frequency
bands in the EEG signal are as follows; theta (0-4), delta (4-8), alpha (8-12),
beta (12-30), and gamma (30-50) [21]. To reach these frequency bands and
since the sampling frequency of the signals in this study was specified as 512
Hz, DWT decomposition was performed 7 times in this study.

¢) Kapsamli Performans dl¢iitii; normalized area of general polygon
(NAoGP)

There are many parameters such as accuracy rate, sensitivity, spec-
ificity, and kappa value to evaluate the performance of classification
systems. However, many times, a system cannot show superiority over
other systems in all parameters. In other words, while the system reach-
es higher values in a few parameters, it lags behind the other system in
a few other parameters, thus making comparisons between two or more
systems impossible. To eliminate this problem, we proposed the NAoGP
value in our previous work [22] [23] The NAoGP value summarizes all
parameters obtained for any classification system into a single value. In
this study, 3 parameters were calculated to make comparisons between
classifiers; These are accuracy rate, specificity, and sensitivity parame-
ters. To calculate the NAoGP value, we created a triangle and summa-
rized these three parameters into a single value.

II1.Results

As mentioned, a classification process was performed on the Mindbigdata
dataset in this study. In this data set, signals recorded with the Mindwave EEG
device at a frequency of 512 Hz were considered. The subjects were asked to
look at and think about the numbers 0-9. Then, they were asked to perform
other operations, and an 11-class data set was prepared. The length of the
signals is 2 seconds. In the first stage of this study, signals were classified by
looking only at the numbers 0 and 1. Signals were passed through a 4th-order
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Butterworth filter and 7-stage DWT was applied. 8 different statistical values
were obtained from five EEG bands. These are mean, variance, skewness, kur-
tosis, Wavelet entropy based on Shannon, mean of power spectrum density,
root mean square, and Trapezoidal numerical integration. Thus, a total of 40
features were obtained from each 2-second signal. Then, these features were
classified with 30 different classifiers. As mentioned, the sensitivity, specific-
ity, and accuracy rate as well as the NAoGP value were calculated for each
classifier. These results are given in Table 3. In addition, for easier comparison
of the results, the accuracy rates and NAoGP values are presented graphically
in Figure 2. Sensitivity shows the ratio of the number of correctly detected
samples in class 0 to the total number and specificity is the ratio of the number
of correctly detected samples to the total number in class 1.

As seen, Classifier 19, namely Ensemble boosted tree, has the highest
accuracy rate compared to other classifiers with an accuracy rate of 51.70.
Considering the responses of the systems to the classes, that is, sensitivity
and specificity, the NAoGP value of this classifier is also higher than other
systems. When looking at the accuracy rate, the second successful system is
the 23rd Classifier, that is Ensemble RUSboosted trees with 51.60. However,
the NAoGP value shows the second successful system is Logistic regression.

Tablo 3. Classification results of class 0 and class 1

Order Classifier Sensitivity% | Specificity% ACC% NAoGP
1 Tree fine tree 44.00 57.80 50.90 0.2575
2 Tree medium tree 42.00 61.00 51.50 0.2622
3 Tree course tree 44.40 58.60 51.50 0.2635
4 Logistic regression 54.70 48.20 51.50 0.2645
5 Naive bayes gaussian 87.80 13.00 50.50 0.2077
6 Naive bayes kernel 65.00 36.40 50.80 0.2506
7 Svm-linear 57.20 45.00 51.10 0.2599
8 Svm-quadratic 53.20 47.80 50.50 0.2548
9 Svm-cubic 38.00 60.00 50.50 0.2410
10 Svm-fine gaussian 39.30 62.80 51.00 0.2558
11 Svm-medium gaussian 53.40 47.60 50.50 0.2547
12 Svm-coarse gaussian 60.50 41.50 51.10 0.2574
13 Knn-fine knn 50.90 50.10 50.50 0.2550
14 Knn-Medium knn 64.80 35.90 50.40 0.2467
15 Knn-course knn 59.60 39.40 49.60 0.2420
16 Knn-cosine knn 64.60 37.60 51.10 0.2550
17 Knn-cubic knn 65.10 36.70 51.00 0.2527
18 Knn-whited knn 52.30 48.60 50.50 0.2546
19 Ensemble-boosted tree 52.10 51.30 51.70 0.2673

20 Ensemble-bagged tree 57.00 43.30 50.20 0.2501
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Ensemble-subspace
21 discriminant 56.60 45.70 51.20 0.2608
22 | Ensemble-subspace knn 54.40 44.70 49.60 0.2449
Ensemble-RUSboosted
23 trees 42.20 61.10 51.60 0.2636
24 Neural-network narrow 52.00 48.30 50.10 0.2512
25 | Neural-network medium 51.30 49.10 50.20 0.2520
26 Neural-network wide 50.00 51.00 49.50 0.2517
27 | Neural-network biyalered 50.10 50.40 50.30 0.2527
28 | Neural-network trailered 50.20 50.10 50.20 0.2517
29 Kernal-svm kernel 54.20 47.50 50.80 0.2580
Kernal-logistic regression
30 Kernel 51.50 48.40 50.00 0.2496
52,00
51,50
51,00
50,50
50,00
49,50
49,00
0 5 10 15 20 25 30 35
(a)
03
0,25
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0,15
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Figure 2. (a) Accuracy rate of 30 different classifiers, (b) NAoGP value of 30 different
classifiers
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In the second stage, all digits were classified against other thought (-1
class) signals. The accuracy rates of the classifiers are given in Table 4 in
decreasing order. As it turns out, the most successful system, in terms of ac-
curacy, is the Neural network-Narrow classifier. Although the accuracy rate of
this system is 97.40, the NAoGP value is lower than Neural network-biased
and Neural network-trialered, and according to this value, these two systems
are the most successful. Also, for easier comparison of the results, the accura-
cy rates and NAoGP values are presented graphically in Figure 3. Sensitivity
shows the ratio of the number of correctly detected samples in class -1 to the
total number and specificity is the ratio of the number of correctly detected
samples to the total number in class 0-9.

Table 4. Classification results of class 0-9 versus class -1

Order Classifier Sensitivity% Specificity% | ACC% | NAoGP
1 Neural-network narrow 92.20 98.50 97.40 | 0.9219
Neural-network biyalered 92.50 98.40 97.30 | 0.9226
3 Neural-network trailered 92.50 98.40 97.30 | 0.9226
4 Neural-network medium 92.00 98.20 97.10 | 0.9168
5 Svm-quadratic 88.60 98.60 96.80 | 0.8952
6 Neural-network wide 90.10 98.00 96.50 | 0.8994
7 Svm-medium gaussian 84.70 98.80 96.10 | 0.8668
8 Ensemble-bagged tree 86.90 98.00 95.90 | 0.8749
9 Ensemble-boosted tree 85.40 97.70 95.40 | 0.8604
10 Logistic-regression 83.90 98.10 9540 | 0.8531
11 Svm-coarse gaussian 81.10 98.50 95.20 | 0.8362
12 Svm-linear 82.50 98.20 95.20 | 0.8435
13 Tree-fine tree 83.10 97.00 94.40 0.8354
14 Knn-Medium knn 78.80 97.70 9420 | 0.8108
15 Knn-whited knn 77.00 98.10 94.20 | 0.8016
16 Knn-cosine knn 83.60 96.50 94.10 | 0.8338
Ensemble-subspace
17 discriminant 77.10 97.70 93.80 | 0.7976
18 Tree-medium tree 78.90 97.30 93.80 | 0.8068
19 Ensemble-RUSboosted tree 90.60 94.60 93.80 | 0.8648
20 Knn-course knn 73.20 98.40 93.60 | 0.7755
21 Knn-cubic knn 76.00 97.60 93.60 | 0.7889
22 Tree-course tree 71.20 97.30 92.40 | 0.7499
23 Knn-fine knn 76.40 95.80 92.20 | 0.7732
24 Ensemble-subspace knn 61.20 95.00 88.60 | 0.6551
25 Naive-bayes gaussian 70.70 92.80 88.60 | 0.7016
26 Svm-cubic 89.10 88.30 88.50 | 0.7856
27 Naive-bayes kernel 89.50 86.00 86.70 | 0.7638
28 Kernal-svm kernel 42.90 94.40 84.70 | 0.5226
Kernal-logistic regression
29 kernel 42.50 94.30 84.50 | 0.5189
30 Svm-fine gaussian 4.00 100.00 82.00 | 0.2976
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Figure 3. (a) Accuracy rate of 30 different classifiers, (b) NAoGP value of 30 different

classifiers
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IV. Conclusion

Many important studies have been carried out on BCI systems so far.
These systems have been studied for years, but BCI systems face major prob-
lems in the implementation phase (Moore, 2003). These systems are used only
in training and meditation during the application phase and are limited to these
two areas. One of the reasons for this is that the affordable EEG device manu-
facturers mentioned earlier only promote these devices for use in meditation.
The reason for this is that EEG signal classification studies are limited to a
small number of classes and the majority of them belong to the binary clas-
sification problem, and also the results obtained from EEG classification are
based on completely different stimuli [19].

BCI systems are taking the first steps in their development. The purpose
of these systems is to restore the lost function of the disabled person and com-
pensate for disconnections in the nervous system by creating an electronic
“neural bypass”[24] [25]. Although these systems originally emerged to re-
store the functional wrist and finger movement of a paralyzed person, today
they seem essential to serve as a part of the human body in many areas. These
systems already promise to provide numerous benefits to their users in vari-
ous daily applications with smart technology, telepresence, medical advances,
neuroeconomics and smart environment, education and self-regulation, secu-
rity, and authentication.

In the presented study, a BCI system based solely on thought and without
any triggering (Visual evoked potential (VEP)) was presented. As mentioned,
user comfort is very important in these systems. Studies have shown that
much faster and more accurate systems are available. However, since most of
these studies use VEP, they cause the user to suffer from eye diseases after a
while. For this reason, it is very important to expand BCI systems based solely
on thought, such as the presented study.
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