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INTRODUCTION

ABSTRACT

In this study, in addition to the recent advances and tendencies in wind turbine technology
around the world, the progress of commercial wind turbine technology installed in Turkey
was also thoroughly examined. In this respect, several metrics for installed wind turbines
including number of turbines, installed power capacity (MW), mean rated capacity (MW),
mean rotor diameter (m), mean specific power capacity (W/m?), and mean hub height (m)
have been obtained between the years of 2011 and 2019. According to the obtained results,
the mean rated capacity of Turkey’s annual installed wind turbines advanced from 1.86 MW
in 2011 to 3.52 MW in 2019. However, the mean specific power of yearly installed wind tur-
bines declined from 423.7 W/m? to 314.1 W/m?. Outcomes revealed that the growth in the
size and the reduction in the specific power have contributed to the tendency of higher power
outputs, and wind turbine capacity factor and power generation capacity have been on the rise
in Turkey. In time, wind turbines with greater rotor diameters and hubs started to show up
more observable on land. For that purpose, the proposed solution to regulate turbine visibility
during site selection is the potential visibility model (PVM), which is meant to be used as an
auxiliary variable.
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a global start to the renewable energy movement, which
continued to grow significantly in the 2000s. Since 2000, a

Renewable energy sources (RESs) are one of the world’s
energy sources that have expanded the fastest in recent
years [1-4]. When compared to traditional power genera-
tion technologies, renewable energy sources (RESs) present
unique and affordable opportunities [5-9]. The 1990s saw
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number of electric power technologies and installed capac-
ity based on RESs have significantly increased [10-15].
While 1,000 GW RES capacity worldwide was established
in 2007, the progress of the most substantial renewable took
place in electric production in 2019, with the world’s power
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capacity attaining an estimated value of 2,588 GW at year’s
end and a growth of almost 9%. In the future, RESs will
continue to grow at the fastest pace in the electricity sector
and will provide almost 30% of global electricity demand
in 2023 [16].

Among the RESs, wind energy is increasingly being
utilized in the world by making an important contribution
to renewable energy [17-21]. The use of wind power as a
competitive and dependable source of electricity has been
on the rise. Throughout the world, progress continues to
be robust, involving more dynamic countries and man-
ufacturers, thus enhancing yearly installed capacity with
new investments [22-29]. Especially offshore technological
progress has continuously reduced energy costs [30-34].
With the help of rapid development in the industry of wind
turbines, the bottleneck supply, and extended supply chains
in this area have been overcome [35]. 1.2 million people
work in the wind industry globally, with China and the
United States accounting for the majority of these positions.
Furthermore, employment levels in Brazil, Germany, India,
and the European Union are moderate [36,37].

In the contemporary era, the rapid global expansion of
wind energy technology is evident, driven by its emergence
as a formidable and challenging RES. By creating parts with
stronger and less expensive materials, researchers studying
wind turbines are still trying to find the most economical
and effective ways to convert energy [38,39]. Generators,
blades, direct-drive techniques and yaw and pitch con-
trol systems are just a few of the wind turbine technol-
ogy advancements and improvements that have occurred
recently. However, in order to increase the amount of elec-
trical energy generated by wind turbine technology in the
future, creative ways must be developed, such as lowering
the cost of wind turbines through technological advance-
ment, enhancing manufacturing operations and streamlin-
ing the manufacturing process, reducing operational and
maintenance expenses, enhancing overall performance and
efficiency, and augmenting the manufacturing capacity of
wind turbines.

Wind power generation in the world is greatly impacted
by the technological advancements in wind energy [40-44].
In recent times, the growing size of individual wind tur-
bines has become a significant development and innovation
technique in turbine technology. In general, wind turbines
have grown in size over time. In the early 1980s, they were
relatively small, 50 kW devices with a 15 m rotor diameter;
by 2000, however, they had grown to 2 MW devices with an
80 m rotor diameter. The largest wind turbine in the world,
the V164-8.8 MW, was installed in the UK in 2018. In the
last 20 years, the installed capacity of wind energy world-
wide has increased nearly 80 times, from 7.5 GW in 1997
to over 651 GW in 2019. Nonetheless, Turkey’s potential for
wind energy is 48 GW. Installed wind power capacity was
at 8.06 GW at the end of 2019 and is projected to reach 12
GW by 2023.

Turkey has a notable potential for wind energy and
has seen an increase in wind energy capacity [45-47]. As
is well known, wind energy is now produced all over the
world in addition to Europe and the US. Among RESs,
wind energy has experienced the fastest global growth
in recent years. However, this growth also suggests that
the quantity and size of turbines will increase. Larger
hub and rotor diameter turbines gradually spread and
become more visible in the environment. The rise in
the hub height and rotor swept area of wind turbines in
Turkey and globally has resulted in a notable increase in
potential visibility on the landscape of the regions. This
study proposes the potential visibility model (PVM) as an
auxiliary variable to control turbine visibility during the
site selection process for industrial wind power produc-
tion projects. The purposes of this study are to investigate
(1) the recent development and trends of wind turbine
technology around the world, (2) the progress of com-
mercial large scale wind turbine technology installed in
Turkey. The findings obtained from this study can help to
raise our knowledge on the sensitivity of future electrical
energy production from the wind. The outcomes could be
useful for the wind energy researches, particularly in the
sector of the physical appearance and potential visibility
of the turbines, the optimal site selection of the turbines
for the environmental impacts, the recent developments
and innovation trends in the turbine technology, the
mitigation of visual impact of wind power plants on the
landscapes.

RECENT GLOBAL TRENDS IN WIND TURBINE
TECHNOLOGY

Since the early 1980s, when wind turbine technology
became commercially available, there have been numerous
advancements. The traditional design’s construction has
undergone a small modification. Nonetheless, developing
an efficient wind turbine capable of harnessing wind energy
and converting it into electrical power remains the most
significant challenge in the contemporary wind indus-
try [48,49]. To cut expenses and provide adaptability, the
majority of wind turbine manufacturers are concentrating
on designing simpler turbines tailored for specific markets.
Diverse new models for wind turbines, suitable for both
high and low wind conditions, continue to be adjusted to
meet the specific demands of individual country markets
[36]. The predominant trends in the technological advance-
ment of wind turbines include heightened reliability and
efficiency, cost reduction, and increased power output per
kilowatt of machinery [50-52]. Table 1 outlines the five key
research and innovation priorities in wind turbine technol-
ogy, namely grid and system integration, next-generation
technologies, operation and maintenance, offshore balance
of power plant, and floating wind, arranged in order of stra-
tegic importance [36].
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Table 1. Research and innovation priorities in wind turbine technology

Priority Key Action Areas
Grid and system integration « Solutions for enhancing the flexibility of the energy system, encompassing ancillary
services
o Strategic planning and operations for expanding the grid
o Advancements in storage solutions, with a particular focus on seasonal storage
o The progression of hybrid systems development
Operations and maintenance o Smart operations for wind farms
« Enhanced performance management through improved data analysis and collection
and analysis
« Comprehensive lifetime management
« Awareness of environmental factors, both internal and external conditions
Next generation technologies o Design and operation methods informed by data
o Development and validation of highly accurate models
« Exploration of new-generation materials, components, towers, and support structures
o Primary exploration of radical and/or breakthrough innovations
»  Material recycling initiatives
Offshore balance of plant + System engineering
« Design of offshore grids
 Infrastructure design
« Consideration of site conditions
Floating wind o Comprehensive design of floating wind turbines
+ Cultivating sectoral synergies to enhance the profitability of floating design concepts
Establishing a supportive regulatory framework for floating wind power farms
o Developing a resilient supply chain
+ Readying floating wind for market adoption and widespread distribution at a large
scale
Energy Storage Systems a pilot implementation was launched for the recycling of

Transformation and storage of energy have become a
research area to handle both the environmental consider-
ations of society and pragmatic practices such as the strength-
ening of the growing staff of portable electronic equipment.
The storage system should have an important position in the
wind farm by controlling the wind energy output, allowing
the wind energy to penetrate the grid further [48]. Over the
past few years, manufacturers of wind turbines and research-
ers have been are considering and designing battery storage
for offshore and onshore wind energy projects to increase
capacity factors. For example, the installation of a wind-to-
heat energy storage system was begun in 2017. In Germany,
four wind turbines combined with pumped storage were
completed. Plans have also been announced for the construc-
tion of a wind turbine that will produce hydrogen directly. In
Ireland, a wind turbine manufacturer has joined forces with
the US company Microsoft to incorporate batteries into its
turbines as part of a project [36].

New Design-Manufacturing Process and Materials For
Tower and Blade

In 2017, innovations in blade materials and production
processes also continued to increase production, boost
their efficiency reduce wind energy costs. In the USA, for
example, fiberglass recycling and conversion of used tur-
bine blades into new products have been initiated. In Spain,

faulty or damaged turbine blades. Blades were utilized
as a noise barrier in Denmark, and additional parts were
intended to be used as auxiliary equipment. A European-
wide promotional project has been initiated to create
innovative design and production methods that facilitate
recycling and extend the lifespan of composite products,
such as wind turbine blades [36].

Offshore Wind Turbines

In recent years, especially in Europe, offshore wind
power plants have obtained higher market shares as a result
of encouraging state policies. The advantages of the gener-
ation of electricity from offshore wind power have made
it immensely attractive as a potential source [54,55]. The
offshore wind energy economics have shown a much faster
development than the experts expected. In 2019, 6.1 GW
of new offshore wind energy installations were established
globally in nine markets. In general, there is offshore wind
capacity with 29.1 GW installed capacity in 17 markets
around the world.

New generation turbines, supply chain maturation,
cost reduction in industrial logistics and in maritime
transport, as well as increased competition and experi-
ence have significantly reduced coastal wind energy prices
and competitively priced offshore wind power in Europe
[36]. Competitive offers made in recent years show that
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significant cost reductions have already been realized in the
offshore wind sector and there is still a 35% cost reduction
potential in this sector. Of course, making these reductions
would require new developments to increase the production
and size of wind turbines in turbine technology. Besides, the
most important cost element for the offshore market is the
plant balance, which may constitute more than 50% of the
development costs. Plant balance infrastructure includes
access to the site, offshore grid substructure, export cables,
substations, assembly and installation. In this sense, in
order to maintain the existing leadership in offshore wind
energy technology in Europe and the world, the progress of
innovative technologies and systematic approaches in these
areas is vital [53].

Hybrid Systems

One of the trends and recent technological advance-
ments recently is integration of wind and other energy
resources such as solar-wind hybrid system, wind-hydro
hybrid system, wind-diesel power generation system and
wind-hydrogen system [38,56]. In 2017 several companies
worldwide concentrated on hybrid wind-solar photovoltaic
(PV) projects. For instance, the first hybrid contract for a
solar PV-wind farm was announced in India. The first util-
ity-scale hybrid solar PV, wind, and energy storage project
in Australia has started building its initial phase [36].

Floating Turbines

One of the major progress in the offshore sector recently
is the work for the settlement of floating turbines that have
the potential to enlarge the regions where offshore wind
energy is applicable and economically feasible. The first
commercial floating wind energy plant with a 30 MW power
capacity was installed in 2017 close to Aberdeen, Scotland’s
coast. As known, the floating turbines can be installed where
winds are most consistent and highest, rather than where the
topography of seafloor is convenient. Therefore, floating off-
shore wind technology is more economical and feasible and
must create a sustainable and steady supply chain to ensure
its full potential [53]. The most important challenges for the
floating sector are to develop an efficient supply chain and
narrow the potential platform designs range [36].

Larger Machines

To reduce costs through standardization and scale, the
turbines’ size has been growing quickly in recent years.
Wind turbine technology has generally continued to trend
toward longer turbines, bigger rotor sizes, longer blades,
and higher hub heights [57]. Larger turbines have contin-
ued to be advantageous for developers, particularly those
operating offshore. A smaller number of cables, convert-
ers, foundations, and other resources are needed for the
same power output when the turbines are larger. Project
development proceeds more quickly as a result, and overall
profitability rises along with decreased risk and operating
and maintenance expenses. The mean capacity of the last
remaining turbines in Europe doubled ten years ago in 2017
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Figure 1. The world’s strongest offshore wind turbine, 12
MW capacity.

and increased by 23% to 5.9 MW [36]. A manufacturer of
wind turbines revealed in 2017 a new platform suitable for
small, medium, and large wind areas that is designed for
6 MW offshore wind turbines. A different manufacturer
created wind turbines with a nominal power of 9 and 9.5
MW. Plans for wind turbines with a capacity of at least 10
MW were released in an effort to increase the offshore wind
farms’ capacity. An announcement was made regarding the
investment plan to develop a 12 MW turbine over the next
few years [36]. GE Renewable Energy unveiled and tested
the 12 MW capacity (Figure 1), the strongest offshore wind
turbine in the world, at the start of 2019 [58]. Compared
to other offshore wind turbines currently on the market,
the wind turbine with its 12 MW capacity (the first in the
world), 107 m blade, 220 m rotor diameter, and digital fea-
tures will produce more energy. It will be able to generate
67 GWh of renewable energy annually, which is enough to
power 6,000 households in Europe.

Operational Efficiency Software Systems

In recent years, wind turbine manufacturers have devel-
oped various digital solutions to enter new revenue streams.
For example, in 2017, a software program was developed to
increase efficiency and facilitate repairs. In addition, oper-
ational efficiency software was introduced to reduce costs.
Some large wind turbine manufacturers, operators and
developers have begun to use drones to control and even
clean wind turbines, thus reducing costs and increasing
worker safety [36].

GROWTH IN WIND TURBINE SIZE IN EUROPE
AND THE WORLD

History of wind power goes back over 3000 years ago
and people started using it to produce electrical energy
about 130 years ago [59]. The first large wind machine with
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a 12 kW electrical production capacity was established in
Cleveland, Ohio in 1888, and the use of 25 kW machines
worldwide was common particularly in Denmark in the
last period of World War 1. After World War II, the devel-
opments in large wind machines maintained especially in
Denmark, Germany France, and the UK. In Denmark, a
three-blade wind turbine with a capacity of 200 kW oper-
ated successfully until the beginning of the 1960s. Later,
horizontal-axis wind turbines with a design approach that
emerged in the 1970s were developed in Germany [60].

The increase in wind turbine size and rated capacity
is one of the most recent technological advances. In order
to keep up with the increased wind speeds at higher ele-
vations, wind turbines have seen significant height and
size increases. In addition to its size, wind turbines’ rated
capacities have increased dramatically over the past 40
years, which has resulted in a sharp decline in energy costs.
Thus, the technology of wind turbines has advanced from
an idealistic state to a well-known component of the energy
generation sector. Figure 2 presents the history of the sizes
of leading commercial wind turbines up to the present [61].
As seen from the figure, wind turbines have grown signifi-
cantly in size and rated capacity. The rated capacity of com-
mercial horizontal axis wind turbines was approximately 50
kW in the early 1980s. These commercial turbines had a
20 m rotor diameter and a nominal capacity of 100 kW in
1985. They achieved 2 MW in 2000 with a rotor diameter
of 80 m. The most well-known wind turbines in 2005 had
rated capacities of roughly 750 kW, and only 22% of newly
constructed wind turbines had MW-level capacity. As a
result, some wind turbine manufacturers have produced
commercial wind turbines with MW-level output, with
rated capacities ranging from 0.6 MW to 1 MW or higher
[48]. In 2006, larger machines with a capacity of approx-
imately 6 MW were developed primarily due to advance-
ments in offshore wind turbine technology [62,63].

The largest wind turbine in the world, with a 6 MW
rated capacity, was installed in Emden, Germany, in 2008,
when the mean rated capacity of wind turbines reached 1.5
MW [62]. In 2010, the rated capacity range of commercial

50 kW
D15m

wind turbines was typically between 1 MW and 6 MW, and
larger wind turbines with a 7-10 MW power capacity were
under construction. In the meantime, with these advances,
innovative technologies were developed to optimize wind
turbine performance. New materials were introduced to
minimize operating and production costs [50]. Wind tur-
bines’ mean rated capacities increased from 1.6 MW to 2
MW between 2009 and 2014. In 2014, the commercial wind
turbines achieved a rated capacity of 8 MW, with rotor diam-
eters of up to 164 m. In 2016, the maximum total altitude of
a wind turbine (up to the tip of the rotor blade) increased
to about 230 m. Besides, the mean turbine size worldwide
reached to 2.16 MW. The mean hub height of the new com-
mercial wind turbines was 128 m, and 50% of them altered
between 119 to 141 m. In 2017, the hub heights of the wind
turbines installed in the world varied between 50 and 178
m. In the same year, the mean rated capacity of the installed
wind turbines was above 2.4 MW. In 2018, the largest wind
turbine of 8.8 MW power capacity having a rotor diame-
ter of 164 m was installed in the UK [64]. With a 12 MW
capacity, 107 m blade length, and 220 m rotor diameter, the
world’s strongest offshore wind turbine was unveiled at the
start of 2019 by GE Renewable Energy.

The global and European installed wind power capac-
ity cumulatively between 2008 and 2018 is shown in Figure
3. The figure illustrates a rapidly increasing trend in the
capacity of wind power installations during the given
interval. By the end of 2019, the total installed wind power
capacity was estimated to be 651 GW, while the cumulative
capacity of installed wind power worldwide was 120.7 GW
in 2008. The global wind power industry installed 51 GW
of energy capacity in 2019 [64-66]. Total onshore and off-
shore wind capacity in the European continent reached 205
GW in 2019 to provide 14% of the EUs electricity last year.

Figure 4 presents the cumulative wind power instal-
lations by country in Europe. As seen from the figure,
Germany leads Europe in installed capacity, followed by
Spain, the UK, France, and Italy. The installed capacity of
the other five countries namely Turkey, Sweden, Poland,
Portugal, and Denmark have higher than 5 GW. Four

1980 1985 1990 1995 2000 2005

i

2011 2018 (E)

Figure 2. The history of the sizes of leading commercial wind turbines up to the present.
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Figure 3. The global and European installed wind power capacity cumulatively between 2008 and 2018.
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Figure 4. Cumulative wind power installations by country in Europe.

additional countries (the Netherlands, Ireland, Belgium
and Greece) have over 3 GW of installed capacity [64]. In
2019, Turkey added 687 MW, thus, achieved a total of 8,057
MW installed wind power capacity.

The mean rated capacity and the number of newly
installed onshore and offshore wind turbines in 2019 are
shown in Figure 5. The figure illustrates how the types and
sizes of wind turbines installed in European countries differ
significantly from one another. Finland has the highest mean
rated capacity of any country’s onshore wind turbines, at 4.3
MW. At 2.3 MW, Greece had the lowest mean power rat-
ing. Existing data from 14 countries indicates that Europe’s
weighted mean rated capacity for onshore wind turbines was
3.1 MW. The average rated capacity of newly constructed
offshore turbines was 7.2 megawatts in 2019. Portugal and

Belgium host the largest wind turbines in the world. In
Germany, Belgium, and Portugal, three wind turbines with a
rotor diameter of 164 meters and a rated capacity of 8 points
4 megawatts were installed. Conversely, Denmark’s annual
mean rated capacity for offshore wind turbines was 8.3 MW.
The UK had the largest with a 7 MW capacity, [64].

GROWTH IN WIND TURBINE SIZE IN TURKEY

Known to be one of Europes developing countries,
Turkey is split between the continents of Asia and Europe,
with the majority of its territory in Anatolia and the
remainder in southeast Europe, bordered by the Aegean,
Mediterranean, and Black seas [67,68]. With the 18th larg-
est economy in the world, Turkey is considered a develop-
ing nation. Due to the country’s growing population and
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Figure 5. Number of installed turbines in 2018 and their mean rated capacities.

expanding economy, Turkey’s needs for electrical energy
have been steadily increasing. Power plants including
solar, geothermal, wind, hydro, and thermal varieties pro-
duce electricity in Turkey. To date, no nuclear energy has
been utilized to produce electricity. The fastest-growing
installed capacities in the nation are those of thermal and
hydropower [69,70]. Nonetheless, the installed capacities of
geothermal, solar, and wind power are relatively small. By
1923, when the Republic of Turkey was founded, Turkey’s
installed power generation capacity and total electricity
generation were only 33 MW and 45 GWh. Nonetheless,
Turkey produced 302,552 GWh of electricity overall in
2019. Regarding the production of electricity in 2019, the
share of thermal power plants accounted for 57.39 percent,
or 169,534 GWh. 29.38% and 7.40%, or 88,879 GWh and

21,500 GWh, respectively, came from wind and hydro-
power, according to research [71].

The first wind turbine in Turkey, a Vestas 55 kW unit,
was set up at the Golden Dolphin Hotel in Cesme, Izmir,
in 1985. On November, 1998, three 500 kW wind turbines
(Enercon E-40) were installed in Alagati, Izmir, as part
of the first commercial installation of modern wind tur-
bine technology. The largest commercial wind turbine as
of 2019 is 4.5 MW, with a 149 m. rotor diameter. As can
be observed, wind turbine technology installed in Turkey
has advanced quickly over time, becoming a more signifi-
cant component of the nation’s electricity market. The size
of every wind farm in Turkey has grown in tandem with
this development. The power of wind turbines installed in
Turkey has increased. Because the cost of producing renew-
able energy from wind has decreased thanks to the use of
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the newest turbine technologies, which have longer blades due to advanced technologies resulted in higher capacity
that can harness more wind and produce more electricity. ~ factors in wind turbines between 2011 and 2019. Figure 6

Since 2010, Turkey has experienced a significant revolu-  depicts the increase in wind turbine dimensions and size in
tion in wind energy. Increased hub heights and swept area  Turkey since 2011. The figure illustrates how quickly wind
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Figure 6. The growth in size and dimension of wind turbines in Turkey.
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turbine technology has advanced in Turkey in recent years.
For instance, in 2011 the total installed onshore turbines had
a mean rated capacity of about 1.88 MW. By 2019, this mean
rated capacity had reched to 2.43 MW, a 29% increase. The
mean rotor diameter reached to 95.6 m in 2019, increasing
by 29 % compared to 2011. In addition, the mean hub height
increased by 17% compared to 2011 and reached 77.6 m.

Turkey possesses excellent wind resources, particularly
in the basins of Izmir, Hatay, Canakkale, and Balikesir.
Based on the geographic distribution of wind turbines,
the Aegean, Mediterranean, and Marmara regions exhibit
greater concentrations. Figure 7 illustrates how cumulative
installed wind turbine capacity in Turkey increased from
1,809 MW to 8,057 MW between 2011 and 2019. This
increase was attributed to government policies, technolog-
ical advancements in wind turbines, and the growing cost
competitiveness of wind energy. In 2019, 687 MW of wind
power capacity was installed.

Today, in Turkey and other countries, wind turbines or
farms have already become an integral part of the landscape.

10000

The increase in wind farms and wind turbines in Turkey is
depicted in Figures 8 and 9, respectively. Turkey now has
3,306 wind turbines overall as of 2019, up from 963 in 2011.
Turkey now has 198 wind farms with a combined 8,057 MW
of generating capacity. As per the state policy on electricity
generation from renewable energy sources, Turkey’s wind
turbine and farm numbers are expected to rise significantly
in the next ten years. On the other hand, this development
will significantly impact how wind turbines and farms
appear in the landscape. The visual effect of wind farms on
the landscape is a subjective matter. Large-scale wind farms
create problems for regional climate and communications
services. Social research and technology developments
can be used to solve problems. Therefore, impact reduc-
tion technologies and measures at various scales should be
taken into account in the wind farm planning phase [72].
The decline in Turkey’s installed wind turbines’ mean
specific power is depicted in Figure 10. The nameplate
capacity of a wind turbine divided by the rotor swept area
yields the specific power. The figure illustrates how Turkey’s
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512 J Ther Eng, Vol. 10, No. 2, pp. 503-516, March, 2024
200
| mm Annual —#= Cumulative|
€ 150
8
k]
2 100
£
3
=
50 4---
0 .-..-..-_-_-.._—_-_-.

2011 2012 2013 2014 2015

2016

2017 2018 2019

Figures 9. The growth in the number of wind farms in Turkey.

500

mm Annual 8= Cumulative

400 §

300 ¢+

200 1

Mean specific power (W/m?)

100

2011 2012 2013 2014 2015

2016

2017 2018 2019

Figure 10. The decrease in the mean specific power of wind turbines installed in Turkey.

annual installed wind turbines’ mean specific power
dropped from 423.7 W/m? in 2011 to 314.1 W/m? in 2019.
Larger rotors and higher hub heights for installed wind tur-
bines in Turkey have formed as a result of years of global
advancements in manufacturing and design engineering.
Therefore, the tendency toward higher capacity factors has
been aided by the increase in size of these components.
Put differently, the mean specific power of wind turbines
has decreased due to the presence of large, powerful tur-
bines with long blades. Larger rotor turbines are known
to have higher capacity factors due to the fact that their
spinning blades cover a greater area and consume more
energy. Greater access to higher wind speeds was made
possible by using the taller towers to increase hub height in
regions with positive wind shear, which decreased the cost
of wind energy. Due to the wind turbines’ longer blades,
the rotor diameter and, consequently, the rotor swept area,
increased especially quickly. Simultaneously, the mean

nameplate capacity increased somewhat. The low specific
power turbines were first intended for locations with low
wind speeds, but the results indicated that they were being
installed more widely across the nation, even in places with
high wind speeds.

The installed wind turbines in Turkey showed a linear
increase in rated capacity as a function of rotor diameter and
hub height (Figures 11-13). Furthermore, a trend of linear
increase was noted between the hub height and rotor diam-
eter. As can be seen from the figures, Turkey has continued
to increase its turbine capacity in addition to its tendency
towards larger turbines. The rotor diameters of the turbines
installed in 2019 have been between 92 and 149 meters with
a mean length of 125 meters. On the other hand, the hub
heights of the turbines installed in 2019 have been between
78 and 110 meters with a mean value of 87 meters, while the
rated capacities of the turbines have been between 2.35 MW
and 4.5 MW with a mean value of 3.5 MW.
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Power capacity (MW)

Figure 11. Correlation between power capacity and hub height for installed wind turbines in Turkey.

Power capacity (MW)

Figure 12. Correlation between power capacity and rotor diameter for installed wind turbines in Turkey.

Rotor diameter (m)

Figure 13. Correlation between rotor diameter and hub height for installed wind turbines in Turkey.
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CONCLUSION

Modern commercial wind turbines have grown to multi-
ple megawatts in size and have become more dependable and
cost-effective in recent years. The average rated capacity of
wind turbines that have been installed worldwide has grown
since 1999; in 2017, wind turbines with an mean capacity
of 2.4 MW were installed. The study determined the wind
turbines installed in Turkey and their potential visibility. A
thorough evaluation was conducted of the wind turbines’
technological advancements, wind power potential, tech-
no-economic viability, physical appearance, and technical
attributes. The following is a summary of the study’s findings:
o There are currently 198 wind farms in Turkey, consist-

ing of 3,306 turbines, which produce 8,057 MW of gen-

erating capacity.

o As of 2019, the biggest commercial wind turbine avail-
able in Turkey is 4.5 MW, with a 149 m diameter rotor.
The average installed wind turbine’s rated capacity, rotor
diameter, and hub height are roughly 2.43 MW, 95.06 m,
and 77.06 m, respectively.

« In Turkey, the yearly average specific power of installed
wind turbines dropped from 423.7 W/m?in 2011 to 315
W/m?in 2019.

o The enlargement of the rotor-swept area and hub height
of wind turbines in Turkey has significantly elevated their
potential visibility across the landscape in the regions.

o It is anticipated that Turkey’s wind farm and turbine
count will rise significantly over the next ten years as a
result of the government’s renewable energy policy. The
aesthetic appeal of the wind farms and turbines in the
landscape will be greatly affected by this development.

« In Turkey, the newest models of wind turbines feature
a larger rotor swept area, which allows them to harness
more wind and produce more electricity. This lowers
the cost of producing renewable energy.

o Turning wind turbines into smaller wind farms with
smaller hub heights has been made possible by Turkey’s
expanding rotor swept area.

o Turbine power coefficient and output have increased due
to an increase in the rotor swept area per power capacity.

o There is a trend in Turkey where the rated capacity of
wind turbines was growing linearly in relation to the
hub height and rotor diameter
As aresult, wind turbine technology has been developing

by continually optimizing turbine design, enhancing over-

all turbine efficiency, and improving turbine performance.

However, it is recommended that the potential visibility

model has been applied before the establishment of wind

turbines in terms of environmental impact in the regions.
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