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Abstract. In this study, we examine Turkey's Hatay city and some of its
districts (Belen, Antakya, Iskenderun, Samandag) and we assessed the
possibility of electricity production from wind power plants. The area of
Hatay is 5559 km? that is located in the southernmost part of Turkey and
east of the Mediterranean Sea. The accumulated data obtained from Belen-
Hatay wind speed data are shown. The seasonal cumulative probability
distributions of wind speeds for Belen-Hatay are analysed in the paper. The
wind speeds in summer are higher than in the other seasons. As a result,
the Belen-Hatay region is a very favourable place in terms of wind and has
high wind energy potential. In this region, the hourly wind speeds are
higher than 5 m/s and about 70% of occasions at 10 m height above ground
level. It is also known that for nine months of the year, the average wind
speeds are more than 5 m/s. On the other hand, average monthly wind
energy productions are higher than 200W/m? for eight months of the year.

1 Introduction

Renewable energy sources (RES) are becoming more relevant to the reduction of traditional
fossil fuels and the continuous increase in energy demand. Wind energy is one of the most
important and fast-growing RES, which has developed quite rapidly in recent years. That
makes it possible to increase the competitiveness of the economy, protect the environment,
and increase the security of electricity supply. Thus, technical and organizational solutions
are being sought to meet the increased consumption and ensure reliable and quality
electricity supply to consumers. Turkey has a high increase in energy demand in the last
years in this regard. For example, in 2016 the country was able to meet only 26% of total
energy demand from its local resources [9].

Turkey is surrounded by sea on three sides, with mountainous landforms, which
contains combination of a wide variety of climate. The country has a favourable
geographical position in terms of operating wind energy [1].The face of Turkey is 774815
km? and it has a very long sea coastline, being the Black Sea in the north, the Marmara and
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the Aegean Sea in the West, and the Mediterranean Sea in the South. Especially the
Aegean, Marmara, and Eastern Mediterranean are favourable regions for wind potential [8].

In this study, we will examine Turkey's Hatay city and some of its districts (Belen,
Antakya, Iskenderun, Samandag) and we assessed the possibility of electricity production
from wind power plants.

2 Material and Methods

The area of Hatay is 5559 km?, located in Southern and eastern Syria (Fig. 1) [5]. Located
in the southernmost part of Turkey and east of the Mediterranean region, it is Turkey's
major gateway to the Middle East geography [6]. Hatay's geographical coordinate system
35°49'31"-37° 00" 28" with K latitudes 35° 44' 03" - 36° 43' 08" D longitudes are between
[5].
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Fig. 1. Hatay location map

According to the information provided in [7], the total area of RES to be established in
Hatay Province is 682.8 km? New renewable energy capacities will be built on it with a
total installed capacity of 3414000 MW [5]. In the table. 1 shows the installed power of
wind power plants (WPP) in the region of Hatay, Turkey.

Table 1. Hatay Wind Power Plants in Operation ¢op 2017 [10].

Location Wind Stations Name | Installed Power
Hatay-Samandag SEBENOBA RES 63.7 MW
Hatay-Belen ATIK BELEN RES 18 MW
Hatay-Belen BELEN RES 48 MW
Hatay-Belen SENBUK RES 65.8 MW
Hatay-Samandag ZIYARET RES 76 MW
Hatay-Cercikaya CERCIKAYA 57 MW
Hatay-Senkéy SENKOY RES 36 MW

HATAY TOTAL 364.5 MW

HATAY/TURKEY % | 5.62%
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The total installed capacity amounts to 364.5 MW, and the relative weight of wind
energy in the province compared to that of the country is 5.62%.

3 Results and Discussion

The energy sector in Turkey uses many renewable energy sources, such as hydropower,
geothermal energy, and increasing wind energy (Fig. 2). Renewable energy sources provide
a large part of the country's electricity production. According to the Ministry of Energy and
Natural Resources [2] in 2016, 12% of Turkey's total primary energy supply (16.9 Mtoe)
was met from renewable energy sources.
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Fig. 2. Generated electricity from RES power plants in Turkey for 2018, GWh (Source: TETC, 2019)

The total amount of electricity produced in 2018 is respectively: hydraulic -
59938GWh; geothermal - 7431 GWh; wind - 19949 GWh; solar - 7800 GWh.

The meteorological parameters that are of interest for the engineering activities related
to renewable energy sources are wind (speed and direction); solar radiation; air
temperature; air humidity; atmospheric pressure; precipitation.

On fig. 3 are shown the wind map of Turkey [3]. As shown in the figure, the Marmara,
Aegean, and Eastern Mediterranean regions have high wind potential [3]. Balikesir, Izmir,
Canakkale, Manisa, and Hatay are the cities with high wind potential in Turkey [4].
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Fig. 3. Turkey's annual average wind speed and direction judge distribution (General Directorate of
Meteorology).
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There are different types: theoretical potential - defined as the energy equivalent of the
entire physically available resource; available technical potential - that part of the
theoretical potential of the respective RES resource, the energy utilization of which is
limited by technical and non-technical conditions (financial, legal and other conditions);
available technical potential - that part of all available technical potential that can be
utilized [11].

Wind energy is the kinetic energy of the wind, defined by the speed and density of the
airflow. The theoretical potential is measured in W/m? earth surface. Many meteorological
stations around the world measure wind speed and direction. Measurements are usually
made at a height of 10 m as this height is accepted as a standard in this field. Exceptions
with other values of the measuring masts are also allowed. The wind speed is measured
with an anemometer and its direction with a wind vane.

The criteria based on which the energy potential for wind energy production is assessed
are its direction and its average annual speed. The following figures show wind potential
data in the Hatay region, Turkey.

It has been established that the most suitable areas for RES in the province are
geographical locations Antakya-Samandag and Belen [5]. A large part of the territory of the
region falls within the zone of the technologically usable wind potential with an average
annual speed of over 4 m / s. Summary data for cumulative probability distributions of
wind speeds in Hatay-Belen are shown in Fig. 4.
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Fig. 4. Yearly cumulative probability distributions of wind speeds

The wind speed during the summer months in the area of Hatay-Belen is higher than in
the other months of the year. In this region, a relatively high average wind speed of over 5
m/s is observed for about 70% of the time at a height of 10 m above the ground. The
average monthly wind power density is over 200 W / m? for most of the year [12]. The
analysis of the data provides information that the Hatay-Belen region has an appropriate
geographical location and meteorological data for the construction of wind energy
installations.

Figure 5 displays the wind rose for Antakya (a) and Iskenderun region (b). This vector
diagram expresses the statistic distribution for the wind of a given location for a certain
period. From a statistical point of view, the wind rose is a circular cumulative diagram, the
sectors of which are again the direction, and the levels at which the sectors are divided, give
the percentage contribution of the speed categories in the respective direction.
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Fig. 5. Wind roses for Antakya (a) and Iskenderun region (b).

The sectors of the diagrams correspond to the categories of the direction, ie. for the
Antakya region the wind is in two characteristic directions - predominant south (about
30%) and north (about 15%), while for the Iskenderun region - the prevailing winds are
from the west (about 20%) and south (about 16%). Determining the direction of the wind is
the geographical position and relief of the earth's surface. The radial height of each sector is
in percentages marked with dashed circles. Each sector is divided into parts of a different
radial length, filled in different shades of gray. Each part corresponds to a certain speed
category. The height of a sector gives the percentage of observations for which the wind is
in the corresponding direction. The radial width of a part of a sector gives the percentage of
all observations with the respective categories of direction and speed. The lowest are the
percentages of the east winds. The analysis of the data shows that the prevailing winds are
from the west and south. The average wind speed and the average power density for the
regions of Antakya and Iskenderun are respectively [8, 12]:

e Antakya: v =7,6 m/s, P =580 W/m?
e Iskenderun: v=4,4 m/s, P =650 W/m?

The data witnesses that the regions of Antakya and Iskenderun are suitable for the
construction of wind energy plants.

On fig. 6 are shown the wind rose for Hatay's District Samandag.

Fig. 6. Samandag's Wind Rose [13].

The analysis of the diagram shows that for most of the year the prevailing wind
direction for the Samandag region is from the southwest (30%) and the northeast (27%).
The lowest are the percentages of the northwest (0.4-0.5%) and southeast winds (0.6-0.7%).

In Fig. 7 is presented a histogram of wind speed in the Samandag region.

https://doi.org/10.1051/e3sconf/202020702014
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Fig. 7. Wind speed distribution Samandag's.

The winds with speeds of 4 and 5 m / s have the highest frequency - about 15% and
16%, respectively. Over 80% of the cases have winds with a speed over 4 m/s, ie. falls
within the zone of technologically usable wind potential. The average wind speed: 5.27 m /
s for the height of the wind generator mast 10 m, and the average power density:
143 W/ m? [13].

Confirmation of relatively good conditions for electricity production in the region of
Hatay, Turkey is also the presence of good practices in the area. The following larger wind
farms have been installed and are operating in the Hatay area [14, 15, 16, 17]: Belen WPP
with an installed power of 48 MW; Sebenoba WPP with 10 turbines by 3 MW and 15
turbines by 2 MW. The total nominal power 60 MW; Cercikaya WPP with total nominal
power 57 MW; Ziyaret WPP with 76 MW installed capacity; Senbiik WPP with total
nominal power 38 MW; Senkdy WPP (RES) nominal power of 35 MW.

4 Conclusions

Possibilities for the construction of wind energy recovery facilities in the Hatay region,
Turkey has been investigated. It has been established that the region has suitable
geographical and climatic conditions. The analysis of the statistical information on the wind
distribution, the average speed, and the wind density shows that in over 80% of the year
wind speeds above 4 m / s are observed at a height of 10 m above the surface. The
referenced wind usually used is 10 meters, but the calculations consider wind power and
direction at turbine height. The wind speed in summer is higher than in other seasons. As a
result, it has been found that the province of Hatay is suitable for the development of wind
energy and in support of this are the available good practices with built wind power.

This paper including some part of the Master's Degree Thesis of Cansev Geng.
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