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MepAnn

H mopouoca SUTAWUOTIKY epyooia £XEL WG OVIIKEIUEVO TNV UEAETN €YKATAOTOONG UTIEPAKTLOU
QLOALKOU TtApkou o€ 5 meploxeg tng EAAadSag kat tnv afloAdynaon tou aav enevduTtikd ox€Sto. Mo
OUYKEKPLUEVA, YIVETOL apXLKA ML oUvtoun avadopd OTI OVOVEWOCLUEG TINYEG EVEPYELOC
YEVIKOTEPQ, KAL TNV avayKalotnTa TnG UToPERG Toug. MapatiBevtal Kot avallovial onpavIKA
XOPAKTNPLOTIKA TNG OLOAIKNG EVEPYELAG OTWG N ALOAKH LoXUG, N HEeTABANTOTNTA TNG, Ol
XOPAKTNPLOTIKOL OUVTEAEOTEG KOl GAAEC PaACIKEC €VvoleG TNG  OEPOSUVOMIKAG  TwV
OVELLOYEVVNTPLWV. TN CUVEXELX TIOPOUCLAIOVTOL TO TEXVIKA XAPOKTNPELOTIKA 5 S1apopeTIKWV
MOVTEAWY QVEUOYEVWNTPLWY, KABE £va amo ta omola Ba xpnolpomnolnBel otnv ekACTOTE MEPLOXN
Yl TNV aVAITUEn TwV CLOAKWY TTAPKWV. Ta oTolxela auTA MapEXOVTAL ATO TN KOTOOKEUAOTPLO
gTalpia Kal emiong ylvetat pia meplypadr Twv EMUEPOUE THNUATWY KL TOU TPOTIOU AELTOUPYLOC
toug. O kaBoplopodg tou cuvduaopol HoviéAou-Tieploxng afloloyeital kat e€aptdatal and
OpLOMEVO KPLTAPLOL TO omolo TMPEMEL vor TANPOUVTAL, WOTE va Yivel Mpooéyylon BEATIOTOU
QTOTEAEOMATOG KOl OO TEXVIKA aAAA Kol amd OLKOVOWLKA Kupiwg amoyn. 3tn mopsia
avadEpovtal oL Adyol yla Toug omoloug kabiotatal avaykaia n Snuioupyia oLOAKWY TTAPKWY,
vivetal pwo avadopd otoug mMeploplopolg Tou gpdavilovial Kot th XwpobEtnon Ttwv
OVELLOYEVWNTPLWYV, Kal autol cuvdéovtal Kuplwg e TEpLOXEG TTou Bpilokovtal uTtd mpootocia Kat
onayopelouV omoladnToTe eMEUBOON OTO OUYKEKPLUEVO TepLBAAAOV KaBwG Kol HE TN
popdoroyla kol T cUoTAOon TOU MUBUEVA. INUAVIIKO €miong Bewpeital To avayAudo tou
nuBpéva kat to Bdbog, kabwe kabopilouv To TPOTO BeUEAWONG TWV AVEUOYEVVNTPLWY . 3TN
OUVEXEL YiveTal n mapouciaon twv urmoPndlwy Teploxwyv otov eAAASIKO XWpo, 0 akpLBNg
EVIOTUOMOC  YlOL TNV EYKATAOTOON TWV 5 QLOALKWV TIAPKWY HE PACIKO KPLTHPLO TO OLOALKO
SUVOUIKO aAAG KOL TOUC TEPLOPLOHOUC Tou TipoavadEépdnkav. AKOUA, OVOMTUCOETAL N
pebBodoloyia yla tnv enetepyacio TwWV XAPAKTNPLOTIKWY TWV OVELOYEVVNTPLWY, AAAA Kal TwV
Sebopévwv mou £xouv kataypadel ta tedeutaia xpovia Kal OXeTWOVTOL UE TI AVEUONOYLKEC
ouvBnkeg. H avdluon autr emITUYXAVETOL HE TN XPNON €PYOAELWV O TPOYPOUUATLOTIKO
neptBdAlov otn Matlab, mpokelpévou va mpocodloplotolv onpavtikol Seikteg. MNa tn KaAUTEPN
0€LOAOYNON TWV TTEPLOXWV OE CUVSUACUO HE TNV ardS00n TWV AVELOYEVVNTPLWY ELOAYOVTAL KOl
TOL OLKOVOLKA oTolxela woTe va KaBoploTel To KOOTOG TNG NAEKTPLKIG TTAPAYOLEVNG EVEPYELOG.
‘Eva onUovTtikO KOPUATL To omoilo Sev mapalsimetal sival Kal oL QmWAELEG EVEPYELOG TOU
CUMBALVOUV KATA TN HETATPOTI TNE TAPAYOUEVNG LoXUoG o kaBapn, umo t popdr NAeKTpLkoU
pevpatoG. Ev ouvexela umoAoyiletal pe avaAUTIKEG HeBOSOUC Kol TO GUVOALKO KOOTOG TOU
oTtalTElTOL Yo pia Tétola emévduon, To KOOTOC €yKATAOTAONG, ASlToupyiag kol cuvinpnonc.
TéAog, atilel va onuelwBbel OTL 0 UTTIOAOYLOMOC TOU KOOTOUG TNG EVEPYELAG EKTEAELTOL KL yLa T
4 LOVTEAQ QVEUOYEVVNTPLWY OE GUVSUAOUO HE TIG 4 TIEPLOXEG EYKATAOTAONG YLO TNV EMITEVEN
oKpLBEaTEPNG oLYKPLONG Kal afLoAOyNnong Tou KOOTOUC.
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Abstract

Main purpose of this dissertation is the study of installation of an offshore wind farm in 5 Greek
areas and its evaluation as an investment project. More specifically, a brief reference is made to
renewable energy sources in general, and the necessity of their existence. Important features of
wind energy, such as wind power, variability, characteristic factors and other basic concepts of
wind turbine aerodynamics are presented and analyzed. Afterwards the technical characteristics
of 4 different turbine models are introduced, each one of them will be used the individual areas
for the development of offshore wind parks. These data and also a brief description of the
individual parts and how they operate are provided by the manufacturer. The determination of
the model-area combination is evaluated and it depends on certain criteria that must be met, in
order to approach an optimal result both from a technical and principally from an economic point
of view. Afterwards they are mentioned the reasons of necessity in creating wind farms, a
reference also is made to the restrictions that appear during the location of wind turbines, which
are associated with regions that are protected and is prohibited any intervention in this
environment, also are related to morphology and composition of the bottom. Important also is
considered the relief of the bottom and the depth, as they determine the method of wind
turbines’ foundation installation. Consequently the 5 Greek prospective areas in are presented
with exact location for the installation of the 5 offshore wind parks with basic standard the wind
potential but also taking into consideration the restrictions mentioned above. In addition,
appropriate principles are developed for data processing of the wind turbines features in
combination with the values were recorded in recent years and are related to the wind conditions.
This analysis is achieved by using tools in a programming environment called Matlab 20193, in
order to identify important indicators. For accurate evaluation of the areas in combination with
the efficiency of the wind turbines, the economic data are introduced in order to determine the
cost of the electricity produced. An important part that should not be omitted is the energy losses
that occur during the conversion of the gross power production into net, in the form of electricity.
The total cost required for such an investment, the cost of installation, operation and
maintenance is then calculated by analytical methods. Finally, it is worth mentioning that the
estimation of energy costs is performed for each wind turbine model in combination with the five
installation areas with main target to achieve a more accurate comparison and cost evaluation.
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Introduction

Main purpose of this thesis is evaluating the sustainability of an offshore wind park in Greek
seas. The excessive development of technology has contributed in order complex systems
such as power production can be produced by exploitation of wind energy through turbines.
This project combines wind turbines technical data provided from manufactures with data
aggregation of 20 years, especially wind speeds with an interval of an hour, measurements
with high frequency so as to minimize deviations and achieve more precise results of power
production. The specific data of each turbine that were extracted is power production at each
corresponded wind speed. There are five areas that have been already reviewed and
concluded that the development of an offshore park is feasible in each one of them. In
addition economic elements are estimated in order to provide a more accurate interpretation
of each wind parks. In combination with wind speeds values of 20 years collection the turbine
that prevails in each prospective areas in connection with wind turbine features each power
density of available areas and the financial elements
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1. Fundamental Features of Wind & Wind Power
1.1 Definition of Wind

The wind is defined as the result caused by the motion of air because of the atmospheric
pressure gradients. Wind moves from zones of higher pressure to zones of lower pressure.
The higher the atmospheric pressure gradient, the higher the wind speed. So this natural
occurrence entails greater values of wind power that can be collected from a turbine an
energy-converting machinery.

Wind energy depicts a dominant and innovative source of new power generation and a vital
aspect in the world's energy market, is the most completely developed renewable energy
generating electricity through wind. Due to the wind kinetic energy which is caused as a
conseqguence of air currents, a propeller is turned and through a mechanical system, it rotates
the rotor of a generator that produces electricity.

1.2 Wind Power

When an object of a given mass is in motion with a trans-rational or rotational speed, then
wind power Kinetic energy appears. When it is observed air movement, then the kinetic
energy in be determined as:

E, = %mu2 (1)
where m is the air mass and u —is the mean wind speed over a period. The wind power can
be obtained by differentiating the kinetic energy in wind with respect to time, i.e.:

Et 1
=2t L2 (2)

Pw =" =3

Despite this, only a minor part of wind power can be converted into electrical power. When
wind get through a wind turbine and turns blades to rotate, the equivalent wind mass
flowrate is:

m = pAu (3)

Where A is the swept area of blades, as shown in Figure. 2 and p the air density. Substituting
(3) into (2), then the available wind power Py, can be expressed as:

1
B, =5 pAu’ (4)
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Where:

p=wind density (1,2kg/m?3)
A: Swept Area

u: wind velocity

A thorough testing of equation (4) reveals that in order to acquire a higher value of wind
power, it is required a higher wind speed, a longer length of blades for gaining larger swept
area, and a higher air density. The wind power output is related to the cubic power of the
mean wind speed, so a minor variation in wind speed lead to large change in wind power.

1.3 Wind Variability

It is commonly accepted that the output of wind power is highly variable and from a single
area cannot be a reliable source of electricity. Taking into consideration the wind speeds
distribution at a site, is important in order to estimate the capacity factor and energy
production of a wind turbine.

It has been observed a wind power variation over time, especially under the effect of
meteorological fluctuations. The variations exist on all time scales: years, months, days etc.
Taking into consideration the variations and the predictability, it is well known that they are
important parameters for the integration and optimal utilization of wind in the power system.
Electric power systems are variable both in demand and in supply, but they are designed to
overcome effectively these fluctuations through their configuration, control systems and
interconnection.

1.4 Micro-meteorological Range: Turbulence

A principal characteristic of wind, is the high temporal variations. Wind speeds can double or
triple within seconds, leading to power rise 8 - 27 times! In addition several obstacles such as
tress or Steep Mountain tops and buildings, can also result in Turbulence intensity increase.
Regions with high mean wind speeds tend to undergo less turbulence

Turbulence is negative for wind turbines for below reasons:
e Increase dynamic loads on blades

e Mitigates energy production
e Reduce operational years of the turbine
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Indications of high turbulence:

e Areas with many obstacles
e Landscapes with lack of homogeneity
e Existence of mountain tops

1.5 Aerodynamics Of Wind Turbines

In contrast with Dutch windmills design, which depend on the wind's force in order to push
the blades into motion, contemporary turbines use more sophisticated aerodynamic basic
rules in order to capture wind energy in a more efficient way. Lift which has an impact
perpendicularly to the direction of wind flow and drag which acts parallel to the wind flow

direction, are the two fundamental aerodynamic forces in wind-turbine rotors.

Airplane wings can be compared with turbine blades as they use an airfoil design. In an airfoil,
one surface of the blade is flat, while the other is relatively rounded. Although lift is a
complicated issue, it can be simplified and mentioned that when wind moves over the
rounded, downwind face of the blade has to move faster in order to reach the end of the
blade and coincide with the direction from which the wind is blowing. Based on the fact that
faster moving air tends to rise in the atmosphere, the downwind, curved surface ends up with
a low-pressure (and high speed wind) pocket just above it. The low-pressure area sucks the
blade in the downwind direction, an effect known as "lift." On the upwind side of the blade,
the wind is moving with lower speed creating an area of higher pressure that pushes on the
blade, trying to slow it down. Turbine blades present an angle that takes advantage of the
ideal lift-to-drag force ratio. Except for aerodynamics, also the size can contribute in creating
an effective wind turbine, because the longer the blades (and therefore the greater the
diameter of the rotor), the more energy a turbine can capture from the wind and then greater
electricity-can be generated. In addition a considerable factor in production capacity is the
tower height. The higher the turbine, the more energy it can be captured based on the fact
that wind speeds increase with elevation. Also the flow of the wind can be disrupted from
ground friction and ground-level objects. There is a scientific estimation which concludes that

a 12 % increase in wind speed derives from each doubling of elevation.

In order to determine the wind turbine power generation, power coefficient should be

calculated. The power coefficient of the turbine is a function of tip speed ratio A and the pitch
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angle B. In this case Cp coefficient describes the power extraction efficiency of a wind turbine.

The tip speed ratio of a wind turbine is the ratio between the peripheral tip blade speed and

the wind speed, and it is expressed as:

Where:
R: wind turbine radius,

w: angular velocity of the wind turbine

V: wind velocity.

(5)

The pitch angle B is defined as the angle between the airfoil chord and the rotor plane of

rotation measured at the blade root. In case the pitch angle of a turbine blade is modified,

then the angle of attack and thus, the wind power capability of the blade alters too.

1.5.1 Momentum Theory Analysis for a Wind Turbine

Flow is the factor from which a wind turbine extract energy, therefore velocity is reduced and

slipstream expands downstream
Conservation of mass:

m = pA(V —v;)
Alteration in momentum can be related to thrust:

T=mV-mV@w-w)
Expanding:
T=mV-mV+mw=mw

Work done on the air by the turbine per unit time is:
W= %m(V —w)?— %mV2 = %mw(w —2V) =1/2mw2V — w)
Turbine does negative work (windmill state)

Power:

P=T(V —vi) = %mw(ZV — )

(6)

(8)

(9)

(10)
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By substituting:

T =V —vi) =%m(u( 2V —w) = mw(V — vi) (112)

Thus w=2 = w=2ui (or vui=w/2); same as in helicopter rotors

For model validity: Veo-w>0; thus Vee > w= 2ui

If thrust is not known, induction ratio definition, as indicated below:

ui . . . .
a= v or ui=aV Largera-> more flow is slowed as it passes the turbine
Direction =
of positive 0
velocity SRR
= —
'
2 . - - . S— (]
; '
t Voo W
Vi ‘
— .
e e G
ree-stream Turbine — — =T

disk T e

plane

Figure 1. Function of actuator disc

1.5.2 Power Coefficients: Cp

Wind turbine efficiency measurement is related to the Power Coefficient (Cp), especially is
the ratio of actual electric power produced by a wind turbine divided by the total wind power
flowing into the turbine blades at specific wind speed. Describes also the combined efficiency
of the various wind power system components which include the generator and power
electronics the turbine blades, the shaft bearings and gear train. The manufacturer of each
turbine is responsible for the turbines’ Co  measurement or calculation, and in most cases is
provided at various wind speeds. In case that Cp is known at a given wind speed for a specific
turbine, then it can be used in order to estimate the electrical power output.

Wind speed, turbine blade angle, and turbine rotation speed, are operating parameters that

can lead to variation of Cp for a specific turbine. It is a measure of a particular wind turbine's
overall system efficiency.
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Cp = Pwind (12)
P: Actual Electrical Power Produced
Pwinda: Wind Power into Turbine, P, = %pz‘lu3 (13)

1.5.3 Thrust Coefficients: - Ct

High levels of wind speed and the expansion of swept can contribute in the increase of electric
power production of a wind turbine in a specific area. So in order to achieve higher values of
power, in the recent years the diameter of rotor has been widen. The diminish of the pressure
is the reason of tension in the disk of the motion and appears non dimensional, from which
derives a thrust coefficient Ct

Cr %pAuz (14)
1.5.4 Speed Ratio
The governing equation for power extraction is:
P =Fu (15)
Where:
P: power,

F: force vector
u: velocity of the moving wind turbine part.

Interaction of blade with the wind generates the force F. The most vaguely recognizable type
of aerodynamic force is drag. As it was already mentioned in pervious section that the
direction of the drag force is parallel to the relative wind. Typically, the wind turbine parts are
moving, altering the flow around the part.

The above equation shows two important dependents. The first is the speed (U) of the
machine. The speed at the tip of the blade is usually used for this purpose, and is written as
the product of the blade radius r and the rotational speed of the wind: U=wr , where w is the
rotational velocity in radians/second. This variable is non-dimensionalized by the wind speed,
to obtain the speed ratio:
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(16)
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1.5.5 Lift and Drag
As stated earlier there are two types of aerodynamic forces, lift and drag. Accordingly, there
are two non-dimensional parameters. The formula for lift and drag is expressed below:

L
CL =1 (17)
- 2
2pAW
D
Cp =1 (18)
- 2
szW

Where C; is the lift coefficient, Cp is the drag coefficient, Wis the relative wind as
experienced by the wind turbine blade, and A is the area. It should be clarified that A may not
be the same area used in the power non-dimensionalization of power
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Figure 2. Wind Turbine Blade Aerodynamic

1.5.6 Betz’s coefficient and turbine efficiency

According to Betz’s law (Rauh and Seelert, 1984), a turbine cannot capture more than (59.3%)
of the wind kinetic energy. In case of higher wind speeds, the turbine has been designed in a
manner that limits the power to the rated level and there is no further increase in the output
power. This can be achieved by adjusting the blade angles so as to keep the power at constant
levels. In addition, when the turbine operates close to the rated speed then the turbine
performance is reduced
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2. Wind Turbine & Technology

2.1 Systems for Aerodynamic Power and Load Regulation

The system for aerodynamic power and load regulation (APLR) has the following main
functions:

e Decrease the structural loads on wind turbine through autonomous, aerodynamic
control devices or collective actuations of blades.

e Control torque on drive train during normal power production above rated power

e Control rotational speed through blade pitch during normal power production above
rated power

e Reduce rotor speed during normal and emergency stop situations

e Control torque during low voltage ride through

e 3D modeling technology which allows computer simulations before manufacturing

e duct that would wrap around a turbine’s rotor to increase the rotor’s performance

The aim is to develop an APLR system that shall give 25% more annual energy production
within the same load envelope as todays’ wind turbine technology.

Current Solutions

Nowadays the prevailing technology is pitch regulated variable speed, with turbines that can
control the loads and power in a manner where there is a primarily laminar air flow around
the blade, and where there is a full-length blade pitching activated by electrical motors or by
hydraulic pistons in the rotor hub. There are several turbine designs that are still combining
the full length pitching with aerodynamic stall, as this can lead in low weak loads and simple
power electronics. However due to the excessive loads and prerequisites for additional power
compensation equipment in order to comply with some grid requirements, this solution is
losing competitiveness.

Emerging Technologies

Modifying the aerodynamic lift and drag coefficients of the blade structure, instead of just
changing the angle of attack is the main purpose of Emerging technologies, which includes
below:

e Turbines with 2 blades and partial length pitch

e Controllable flow around blade with micro tab system

e Control mechanism same with aero planes with fast moving flap
e Morphing structures where the blade structure itself alters shape
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2.2 Wind Turbines Components

Wind turbines varies as per their sizes but all types consist of main components as expressed
below

e Rotor Blades - The rotor blades of a wind turbine operate in similar way with aircraft
wings. One side of the blade is flat, while the other is curved. The wind flows more
quickly along the curved edge, creating a difference in pressure on both sides of the
blade. In order for the pressure to be equalized the blades are thrusted by the air,
causing their turning.

e Nacelle — The generator and a set of gears are located inside the nacelle. The
generator is connected with the turning blades by the gears. The slow blade rotation
is adapted by the gears to the generator rotation speed of approximately 1500 rpm
and converts the rotational energy from the blades into electrical energy.

e Tower — The tower is constructed in order to support the rotor blades off the ground
and at an ideal wind speed. On the top of a tower, are mounted the nacelle and the
blades. Also towers are usually between 50-100 m above the surface of the water.

An important element of a wind turbine is the drive train, which connects aerodynamic rotor
and electrical output terminals. Based on their structures can be separated into four different

types:

e Conventional: High speed generator with few pole pairs and gearbox

e Direct drive: Drive train without a gearbox and low speed generator with many pole
pairs.

e Hybrid: Drive train with a gearbox and the generator speed between the above two

types.
e Multiple generators: any drive train with more than one generator.
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Drive Train Configurations
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Figure 3. Operational Diagram of a Wind Turbine
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Figure 4. Nacelle Components

3. Offshore Wind Parks

3.1 Introduction of OWPs
Offshore wind turbines were first revealed in Germany in 1930s and initially installed in
Denmark in 1991. By July 2010, there were 2.4 GW of offshore wind turbines installed in
Europe. Evaluating the differences of the onshore wind energy with offshore, it is worth
mentioning that the last has some appealing attributes such as lower inherent turbulence
intensity and lower wind sheer, higher wind speeds and availability of greater areas for
installation. But the disadvantages are related to the harsh working states, such as excessive
installation and maintenance costs. Especially for the offshore operation, major parts should
be enhanced with additional anti-corrosion measures and de-humidification capacity so as to
improve their performance, reliability and extend their lifetime too.

Low-speed shaft Control

Gearbox electronics

Generator
.

High-speed shaft

Rotor brake l
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Figure 5. Allocation of wind speed 10m above the sea

3.2 Advantages and Drawbacks of Offshore Wind Farms

Advantages:

Offshore wind speeds tend to be much higher in contrast with lands with greater
expansion at a site. Even minor rises in wind speed lead to large increases in energy
yield: a turbine in a 15-mph wind can generate twice as much energy as a turbine in
a 12-mph wind.

Offshore wind speeds are more stable in contrast with wind speed on land. In case
there is a more constant supply of wind it means that the source of energy is more
reliable.

There are several coastal areas with high energy requirements. In the United States’
50 %

3.3 European Advances in Offshore Wind Energy

Europe

is the main continent that has devoted time and capital in offshore wind park

developments, including the United Kingdom, Denmark, Netherlands, Germany and Belgium
placed as five of the top six countries in relation to installed capacity. Almost 90% of the
installed global capacity for offshore wind are located in regions of the Atlantic Ocean and in
the North. Advances in the technological sector have raised capacity factors (CFs) for offshore
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wind systems diminishing both variable and fixed costs, combined with installation of greater
turbines that contribute to energy output increase.

3.4 Offshore Wind Parks in Greece

Prevailing areas in Greece are the Aegean Sea islands and mountain ridges on the mainland,
so Greece benefits from a noteworthy wind resource at specific areas preserving mean wind
speeds (at hub height) usually surpassing the value of 8-10 m/s. Greece has made remarkable
progress in fostering and supporting renewable energy. Having commissioned the first
commercial on shore windpark in Europe (built in 1983 on the Cycladic island of Kythnos).
However despite the fact that Greece has 58 offshore wind farm project, currently none of
them has been implemented and operating in Greek seas

3.5 Strategic Planning of Offshore Wind Parks
Stage 1 —Vision and Mission of Strategic Planning

This stage takes into consideration the current situation of the examined area, regarding the
issue of energy independence, the future demand for the production of a large number of
public commodities, such as electricity, with main target to export the electricity and thus
improve the country’s current economic status.

Stage 2 —Exclusion of Unsuitable Areas

This particular stage takes into account the exclusion of the areas evaluated as unsuitable for
the installation of OWFs. The exclusion criteria are defined based on the special
characteristics of the examined region, considering also the relevant provisions of the Greek
Specific Framework for the Spatial Planning and Sustainable Development for the Renewable
Energy Sources.

Especially these exceptions includes below:
1. Wind Velocity

Wind velocity is a significant criterion for the site selection of an OWF, as it is directly linked
to the economic feasibility of the project. Therefore, an accurate and detailed analysis of wind
data is crucial for a potential wind energy assessment of the proposed suitable sites.

2. Water Depth

Water depth is one of the key criteria for OWFs’ siting, as it significantly contributes to the
determination of the investment cost of such projects. Specifically, the water depth affects
the selection of the wind turbine’s support structure, as well as the CAPEX and OPEX of an
OWEF project, which increase significantly in deeper waters.

3. Military Zones
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These marine areas are officially used by the National Army either for training purposes or as
firing fields and therefore cannot be considered for any other use.

4. Seismic Hazard Zones

The seismic hazard factor should be considered generally in the site selection process to
reduce construction cost. Greece corresponds to one of the most seismically active countries
worldwide. Therefore, all infrastructures should be adequately designed against earthquake.
In the case of OWFs, this fact may lead to special designs of the wind turbines’ support
structure and, therefore, to larger construction costs.

5. Underwater Cables

This exclusion criterion is referred to the cables that already exist on the seafloor and serve
either for electricity transmission or for telecommunication purposes

6. Distance from Ports

The distance of an OWF project from a port presents an important factor affecting the total
investment cost, since it has a direct impact on the installation costs, the operation and
maintenance costs, as well as the decommission costs of the OWF. Specifically, the total
investment cost decreases as the location of an OWF is closer to an existing port, while,
moreover, the proximity of the installation area to a port simplifies the overall project
management (e.g., no need to install a substation within the marine environment).

7. Distance from High Voltage Electricity Grid

The distance of an OWF from the national electricity grid and particularly from a high voltage
grid is extremely important for technical and economic reasons. A connection to the high
voltage grid is selected, because in the opposite case (connection to a medium or low voltage
grid) there might be a serious risk of cable destruction due to overloading of the electricity
grid.

8. Landscape Protection/Visual and Acoustic Disturbance

The present criterion is related to the distance of an OWF from the coast and it has been used
to ensure landscape protection, avoid visual and acoustic disturbances, and ensure the social
acceptance of an OWF.

9. Distance from Marine Protected Areas

Marine protected areas correspond to Sites of Community Importance (SCI) of Natura 2000,
national marine environmental parks, coastal bathing waters monitored and assessed in the
framework of the Monitoring Programme of Bathing Water Quality according to the
provisions of the Directive 2006/7/EC and swimming beaches awarded with the Blue Flag.

Stage 3 —Determination of Technical Specifications and Layout

22| Page



This stage deals with technical issues related to such projects, such as the selection of the
model type of the wind turbine (rotor-nacelle-assembly), the selection of most suitable type
of support structure, etc. The required technical Specifications are determined by the
following elements:

(i) The specific characteristics of the suitable sites, that is, wind velocity, wind direction, water
depth and the available surface area/shape of the proposed sites.

(ii) Studying similar projects that have been completed and are in full or partial operation to
this day. In addition, using GIS, the OWFs are sited within the suitable area identified in Stage2

Stage 4 —Costing of OWFs
This stage includes the estimation of Economic elements such as CAPEX and OPEX of all

proposed projects.

4. Foundation of Wind Turbines in the Marine Environment
4.1 Ways of Foundation Based on Sea Depth

Figure 6. Offshore Wind Turbine Foundation
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Monopile: This kind of foundation supports the tower of the wind turbine either directly or
through a transition piece. In case the pile is driven into the seabed or grounded into the
sockets drilled into rock, it is depended on subsurface conditions. The most widespread way
of foundation for offshore wind turbines in shallow water depths is the monopile. They have
to be rigid in order to avoid large natural periods resulting in large, heavy and expensive
structures as per their installation. Are suitable for 0-30 m depth of water.

Tripods: Can be used in order to mitigate the deflections for the wind towers. The pre-
fabricated frame has a triangular shape in and it is constructed from steel pipe members
joining each corner. A jacket leg installed at each corner is diagonally and horizontally braced
to a transition piece in the center. A significant feature of tripods is that these kind of
foundations do not require any seabed preparation and are appropriate for 25-50 m depth
of water.

Jacket: It is a squared network consisted of steel rods. It is anchored at four anchorage points
and the whole steel construction can be mounted in one piece which increases the levels of
safety when anchoring the towers. Using a three-dimensional truss like the jacket foundation
substantially increases rigidity. The top of the jackets feature a transition piece that is
connected to the turbine shaft, while the legs (three or four, according to the engineering
design) are anchored to the sea bed with piles. Despite the fact that jackets are more
expensive than a monopile or gravity base foundation, are suitable for 25-50 m depth of
water.

Floating Structures

Floating foundations are suitable in harsh operating environments. Platform designs for
offshore wind, however, have to be adjusted in order to meet the demands of different
dynamic stages and an individual loading design, these kind of structures are classified based
on the mechanism that complies with the conditions of the static stability requirements.

There are 3 principal stabilizing mechanisms:

e Ballast stabilized having large ballast deep at the bottom of the floating structure,
moves the center of gravity of the total system below the Centre of buoyancy. This has as
a result the development of a stabilizing righting moment which counteracts rotational
displacements, when an incline of the platform occurs.

e Water plane (or buoyancy) is the main contributor in order to restore moment of the
floater. Having a large second moment of area with respect to the rotational axis, either
due to a large water plane area or due to smaller cross-sectional areas at some distance
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from the system central axis, a stabilizing righting moment it is created in case of
rotational displacement.

e Mooring stabilized, high tensioned mooring lines generate the restoring moment when
the structure is inclined.

Main Floating Structures

1. TLP: Is the mooring stabilized structure which retain a central column to support the
turbine. Three arms reach out at the floater base where the tendons are connected.
In order to ensure that the mooring lines are always under tension, the displaced
volume should be high enough to provide excess buoyancy. In addition vertical load
anchors are required for the mooring lines going straight down to the seabed. TLP are
suitable for depths greater than 50 m.

2. Semi-Submersible: Same mooring system as TLP is used for semi-submersibles. In
order to asquire water plane-based stability, this floater type is made out of three
columns placed on the edges of a triangle. The wind turbine is either mounted on one
of these columns or supported by a fourth one in the center of the triangle. Braces
interconnect the columns. Unlike the multi-cylindrical semi-submersible, the water
plane-area stabilized barge is rather a plane structure. This kind of floating structure
is suitable for depths greater than 100 m.

3. Spars: Is a cylinder that floats vertically in the water, often with ballast tanks in parts
of the cylinder volume. The ballast stabilized floaters, usually consist of a long
cylindrical structure which is filled with ballast at the bottom. For station keeping, the
floater is commonly equipped with three catenary mooring lines. Spars are suitable
for depths greater than 120 m.

4.2 Prerequisites of the Sites for installation
The most important parameters that should be taken into consideration for the installation
are mentioned below:

1. Minimum distance of 1.5km from the coastline.
2. Minimize visual nuisance from installations.

3. Exclusion of areas where wind farms are incompatible with other uses (eg military
bases, fishing, etc.).

4. Avoid areas with significant environmental impacts (eg. Natura 2000 Areas).

5. Priority of areas closer to the port so as to facilitate transportation of required materials
for the installation and also for future purposes in case of maintenance of the whole
OWPs.

6. Wind energy potential (mean annual wind velocity, percentage of appearance etc.)
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5. Implementation & Procedure of Wind Park Determination

5.1 Basic Technical Characteristics of Nominated Wind Turbines

This chapter describes in detail the models of wind turbines used in this thesis. Four different
models were used, together with their power curve and characteristic table with detailed
speed-power values. These models are suitable for offshore wind farms and the main features
are mentioned below:

1. Vestas V164 - 7.0 MW

The new Vestas V164 - 7 Megawatt wind turbine contains 3 blades each of them has a length
of 80 m. The total diameter of the rotor is 164 m. maximizing the amount of energy capture,
not only with the huge rotor diameter, but also through an optimal rotor to generator ratio.
Reducing operations and maintenance costs by enabling to run fewer and larger turbines,
Reducing the scale and risk of investment required, as fewer turbines also means fewer
foundations and less cabling. Maximizing the return on investment thanks to the 25 year
structural life of the turbine power that a turbine ca

TECHNICAL SPECIFICATIONS

Rated power: 7,000.0 kW
Cut-in wind speed: 4.0 m/s
Rated wind speed: 13.0 m/s
Cut-out wind speed: 25.0 m/s
Survival wind speed: 50.0 m/s

Rotor

Diameter: 164.0 m

Swept area: 21,124.0 m?
Number of blades: 3

Rotor speed, max: 12.1 U/min
Tip speed: 104 m/s

Type: 80

Power density 1: 378.7 W/m?
Power density 2: 2.6 m%/kW

Single blade: 35.0 t
Nacelle: 375.0t

Hub Height :105 m
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Figure 7. Vestas V164 - 7.0 Turbine Power Curve

2. Vestas V164-9.5 MW

The V164-9.5 MW™ continues the legacy of the proven V164-8.0MW®. With minimal design
changes, such as a redesigned gearbox and cooling system upgrades, the 9.5 MW provides
market-leading output levels, low operational costs, cost-efficient installation and built-in
reliability. A proven turbine that can minimize your total cost of energy and maximize the
return on investment

TECHNICAL SPECIFICATIONS

Flanged connected drive train with easy-access key-components

Main bearings, coupling, gearbox and generator is possible to lift out separately for service
Permanent magnet generator

Nacelle dimensions: 9.3 m x 20.7mx 8.8 m (Hx Lx W)

Rotor diameter: 164 m

Helihoist platform available

Named Best Offshore Turbine 2017 by Wind power Monthly Magazine
Built on the proven and trusted V164 turbine platform

Gearbox improvements

Cooling system adjustments

Power production system upgrades
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Full scale converter 50/60 Hz at 33-35 or 66 kV nominal voltage

Swept area: 21124 m?

10 77" Vestas viea-05 MW

|
| Rated power:  9.50 MW
: Rotor diameter: 164 m
| Hub height: =105 m

S | Cut-in wind: 3.00 m/s
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Figure 8. Vestas V164-9.5 Turbine Power Curve
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3. Vestas V164- 8,00
TECHNICAL SPECIFICATIONS

Operating Data

Cut-in wind speed: 4.0 m/s

Rated wind speed: 13.0 m/s

Cut-out wind speed: 25.0 m/s

Survival wind speed:50m/s

Rotor speed, max: 4.8-12.1 rpm

Nominal rotor speed 10.5 rpm

Operation temperature range: -10- +250 C
Extreme temperature range:-15-+ 350 C

Design Parameters
Nacelle: 390.0 t
Hub Height: 105 m
Wind Class IECS
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Annul avg Wind Speed: 11m/s
Weibull shape parameter: k 2.2
Wweibull scale parameter 12.4 m/s
Turbulence intensity: IEC B

Max inflow angle: (vertical): Oo
Structural design lifetime : 25 years

Rotor

Diameter: 164.0 m

Swept area: 21,124.0 m?
Number of blades: 3

Rotor speed, max: 12.1 U/min
Tipspeed: 104 m/s

Type: 80

Power density 1: 378.7 W/m?
Power density 2: 2.6 m?/kW

Electrical

Frequency: 50 Hz

Converter Type: Full Scale Converter
Generator type: Permanent magne
Voltage: 33-35 and 66,000.0 V

Power curve
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Figure 9. Vestas V164- 8,00 - Turbine Power Curve
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4. Enercon E-126 -7.580

TECHNICAL SPECIFICATIONS
Rated Power: 7580 kW

Cut in Speed: 3 m/s

Rated wind Speed: 16.5 m/s
Cut out wind Speed: 34 m/s
Diameter: 127 m

Swept Area: 12668 m2

Number of Blades: 3

Rotor Max Speed: 12 U/min = 0,0088 m/s ( 1 meter/second is equal to 1349,8)

Power Density 1: 598,4 W/m?
Power Density 2: 1.7 m?/kW

Tower height: 135 m
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Figure 10 . Enercon- E7.58
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5.2 Power Specifications of each Turbine

The exploitation of the proportion of wind power was carried out at predetermined points in
the Greek marine area, which meet certain strict criteria and for which the development of
wind parks has been approved by the Energy Regulatory Authority. The selection of the
locations for the offshore wind park installation is based on the wind potential of each area
and will be determined from the annual mean wind power density. They were used 4 different
models of wind turbines with a variety of Power form 7 MW- 9.5 MW accompanied with their
Power curve, from which below data were extracted, more specifically in below Table we can
see the Power production in combination with the wind speed as given from the
manufacturer.

Vestas V164 - 7.0 Vestas V164-9.5 Vestas V164- 8,00 @ Enercon E-126
7.58

V(m/s) P[KW] P[KW] P[KW] P[KW]

(wind

speed)
1 0 0 0 0
2 0 0 0 0
3 0 0 0 72
4 100 109 129 180
5 755 825 695 420
6 2150 1220 1320 629
7 3190 2210 1830 1205
8 4395 2915 2890 1810
9 5480 3850 4120 2675
10 6430 4790 5590 3665
11 6880 5922 7080 4798
12 7000 6891 7860 5785
13 7000 8151 8000 6405
14 7000 9500 8000 7120
15 7000 9500 8000 7215
16 7000 9500 8000 7495
17 7000 9500 8000 7580
18 7000 9500 8000 7580
19 7000 9500 8000 7580
20 7000 9500 8000 7580
21 7000 9500 8000 7580
22 7000 9500 8000 7580
23 7000 9500 8000 7580
24 7000 9500 8000 7580
25 7000 9500 8000 7580

Table 1. Power Curve Data for each Turbine
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5.3 Investigation of wind power density in several areas, based on a 20 years data
aggregation.

The data provided include wind speed values (m/s) based on numerical models of spatial
analysis for 0,2 deg in a height of 100 meters, measured with a periodicity of an hour for the
period of time mentioned above. Initially, was calculated the wind power density for every
hour in each area point, then for every year of each area point was calculated the mean value
of it. Finally for every area point was calculated one mean value of wind density for the whole
20 years. The purpose of this procedure aimed to extract the 50 points of the areas which
approach the higher mean wind density in these 20 years were taken into consideration. The
power density is determined using below formula.

_1 3
P—ZpV

pV3 (19)
P: wind power density

Due to the massive volume of available data, the calculations of mean wind density & mean
wind speed were achieved using a proprietary multi-paradigm programming language -
Matlab 2019a. Evaluating the power density results, is then matched each set of coordinates
with the proper area. Taking into consideration the limitations mentioned in the section 3.5
and 4.2 and the highest density values, then the suitable sites are finally selected in chapter

5.4 Determination of Areas of 5 Offshore Wind Parks
After evaluation accomplished in chapter 5.3 the final areas, wind density and sea depth are
indicated in below Table:

1. North Mykonos

2. North Corfu-Othonoi
3. North Kassos

4. Agios Efstratios

5. Kimi

AREA ANNUAL MEAN MEAN WIND DEPTH
WIND POWER SPEED (m/s) (m)
DENSITY

North Mykonos 531.66 8.92 211

North Corfu-Othonoi 382.16 5.57 202

North Kassos 505.54 8.96 488

Agios Efstratios 603.69 7.93 153

Kimi 531.66 6.45 51

Table 2. Annual Mean Wind Power Density

32|Page


https://en.wikipedia.org/wiki/Proprietary_software
https://en.wikipedia.org/wiki/Multi-paradigm_programming_language
https://en.wikipedia.org/wiki/Programming_language

Below areas were selected as the most appropriate as they are in line with the regulations &
restrictions that have been already mentioned
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Figure 11. Areas of Potential Wind Parks

5.5 Determination of operation for Turbines in each area

Supposing that each turbine operates in each area, the Turbine Power is calculated in
combination with the power curves given from the manufacturer and the wind speed of each
area from the 20 years’ available data.
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Taking into consideration the restriction of cut in & cut out speed, the total running hours of
each turbine is being approached in order to calculate the generated power of each turbine
in every area.

Weibull Method:

The accuracy in prediction of wind energy can be achieved by modelling the wind speed and
power simultaneously. The wind speed at a site varies randomly and its variation in a certain
region over a period of time can be represented by different probability distribution
functions. A commonly used and accepted distribution is the two-parameter Weibull
distribution

An important factor that should be calculated is the shape parameter:

1.0983
0.9874
k= (257 (20)
U
o,is the standard deviation of wind speed for the whole 20 years
U, is the mean value of wind speed for the whole 20 years
K, shape factor,
Pk
= _Vrk—VCk (21)
_ _Pr
b= L (22)
P=a+bxVk (23)

V: wind speed from data set measurements for the whole 20 years

When the value of k exceeds 2, it means that the quality and wind potential existence are
high.

The mean annual value of Power of every turbine, in case each one of them operates in
every of the 5 areas can be calculated based on the below formula
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AREA

North Mykonos

North Corfu-
Othonoi

North Kassos
Agios Efstratios
Kimi

North Mykonos
North Corfu-
Othonoi

North Kassos
Agios Efstratios
Kimi

North Mykonos
North Corfu-
Othonoi

North Kassos
Agios Efstratios
Kimi

North Mykonos
North Corfu-
Othonoi

North Kassos
Agios Efstratios
Kimi

l:)rneanannual =

TURBINE

Vestas V164 - 7.0

Vestas V164-9.5

Vestas V164- 8,00

Enercon E-126
7.58

20
i—1 Pmean
Zic1 l)peryear(i)

20

Pmean_annual (kw)
For 1 turbine &20
years

4784.7

3517.8

4145.6
5116.6
3597.9

4915.4
3381.2

4289.9
5286.1
3620

5367.5
4039.8

4730.2
5849.1
4112.4

2667.1
2061.1

2275.8
3072.6
2075.1

Energy

(24)

(MWh) For 1 turbine

&20 years
4.78

3.51

4.14
5.11
3.59

4.91
3.38

4.28
5.28
3.62

5.36
4.03

4.73
5.84
4.11

2.66
2.061

2.27
3.07
2.07

Table 3. Results of Wind Power Production In Each Area For Every Turbine
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As it is indicated in the above Table the areas with the higher Power production are:

1. North Ag Efstratios in combination with the Vestas V164- 8.00 — P=5849.1 kW
2. North Mykonos in combination with the Vestas V164 - 8.00 — P=5367.5 kW

3. North Ag Efstratios in combination with Vestas V164-9.5 -- P= 5286.1 kW

4. North Ag Efstratios in combination with Vestas V164 — 7.0 -- P= 5116.6 kW

5. North Mykonos in combination with Vestas V164-9.5 -- P= 4915.4 kW

Mykonos
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Figure 12. Power Production of 4 Turbines in Mykonos
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North Corfu-Othonoi
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Figure 13. Power Production of 4 Turbines in North Corfu-Othonoi
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Figure 14. Power Production of 4 Turbines in north Kassos
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Agios Efstratios
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Figure 15. Power Production of 4 Turbines in Agios Efstratios
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Figure 16. Power Production of 4 Turbines in Kimi
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Figure 17. Power Production of Vestas-V164-7 in each area
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Figure 18. Power Production of Vestas V164-9 in each area
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Figure 19. Power Production of Vestas V164-8 in each area
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Figure 20. Power Production of Enercon —126 - 7.58 in each area
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5.6 Mean Annual Variability (MAV) & Intern Annual Variability (IAV)

A significant uncertainty in the estimate of energy from a wind plant is the interannual and
interseasonal variation in energy output. These estimates are typically based on wind data
that have been collected on-site for one or more years. The mean annual MAV variability
refers to the effect of seasonality on power supply, within a year. This indicator is particularly
useful because the variability of wind speed from season to season is quite large

1 ] su(j)

MAV = (=) ),._ : 25
& Zi-tim,) 22)

Where:

Su: the standard deviation of wind speed per year,

my: the mean value of wind speed per year

J: the total years (in our case J = 20)

The IAV variability over time indicates a measure of the variability of wind speed in the
region, between years. This indicator is particularly useful because the time series of speed
values used contains 20 years of data.

JAV = “mu® (26)

my
Where:

Sm,: the standard deviation of the annual average values of wind speed .

m,: the total mean value of the wind speed, for the 15 years of the time series of the data.

Area MAV MAV (%) IAV 1AV (%)
North Mykonos  0.4634 46 % 0.046 4.6%
North Corfu- 0.617 62% 0.056 5.6%
Othonoi

North Kassos 0.4337 43% 0.038 3.9%
Agios Efstratios | 0.5680 57% 0.047 4.7%
Kimi 0.5408 54% 0.053 5.3%

Table 4. MAV & IAV Values
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From Table 4, it is visible that the volatility of the 2 rating indicators is low, so it means that
the variation between the seasons of the year (MAV index), and from year to year (IAV index)
is low.

This is exactly what is required, because a possible area is generally evaluated for its entirety.
In order to proceed with the installation of an Offshore Wind Far, it is required that the wind
speed values are high and stable, with the least possible fluctuations throughout the year,
but also over time throughout the life of the project.

As shown in Table 2, the areas with the least effect of seasonality (MAV (%)) & interannual
(IAV), which are considered as most suitable for the installation of a offshore park, are North
Mykonos and North Kassos, while the area with the greatest effect of seasonality on the
power supply is Othonoi-Corfu, so it is considered the most inappropriate choice of a wind
park

5.7 Percentage of hours working for each turbine in each area

Based on the cut in & cut out speed of each turbine, it is feasible to extract the operational
hours, as long as the wind speed of each area it is known.

Area Turbine Percentage of Operation For 20
Years (%)
North Mykonos Turbine 1-Vestas V164-7MW 85.9%
Turbine 1-Vestas V164-9.5MW 91.7%
Turbine 1-Vestas V164-8 MW 85.9%
Turbine 4-ENRC 90.6 %
North Corfu-Othonoi = Turbine 1-Vestas V164-7MW 61.2 %
Turbine 1-Vestas V164-9.5MW 73.8%
Turbine 1-Vestas V164-8 MW 61.2%
Turbine 4-ENRC 73.4%
North Kassos Turbine 1-Vestas V164-7MW 87.9%
Turbine 1-Vestas V164-9.5MW 93 %
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Turbine 1-Vestas V164-8 MW 87.9%

Turbine 4-ENRC 91.2 %
Agios Efstratios Turbine 1-Vestas V164-7MW 77.9%
Turbine 1-Vestas V164-9.5MW 86.1%
Turbine 1-Vestas V164-8 MW 77.9%
Turbine 4-ENRC 85.8%
Kimi Turbine 1-Vestas V164-7MW 72.9%
Turbine 1-Vestas V164-9.5MW 83.6 %
Turbine 1-Vestas V164-8 MW 72.9%
Turbine 4-ENRC 82.6 %

Table 5. Mean Operational hours’ percentage of each turbine

As it is shown in the above table, the most effective turbine with the combination of the
areas are:

1. North Kassos in combination with the Turbine Turbine 1-Vestas V164-9.5MW in a
percentage of 93 %

Above is being justified as Kassos retains the higher annual mean wind speed & also Vestas
9.5 operates in a greater range of speeds in contrast with the Vestas 7 & Vestas 8

2. North Mykonos with Turbine 1-Vestas V164-9.5MW in a percentage of 91.7 %

After Kassos, Mykonos has the second higher annual mean wind speed and in combination
with Vestas 9.5 which operates in a greater range of speeds it justified this high percentage
of the operation for the whole 20 years

For the below 3 combinations, similar factors has contributed to this high percentages
3. North Kassos with Turbine 4-ENRC 91.2%
4. North Mykonos Turbine 4-ENRC 90.6 %

5. North Kassos with Turbine 1-Vestas V164-7MW 87.9 %
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6 Selected Ways of Foundation
6.1 Foundation of Wind Turbines OWPs in 5 areas of Greece

In order to assure the functionality & sustainability of each OWP’s positioning, the relevant
restrictions and bathymetry were taken into consideration in order to determine the way of
foundation. So In combination and investigating these methods in section 3.5, 4.2 and 5.4 for
this project, the most appropriate way of foundation is shown below

Kimi
- Monopile =50 m. which has a depth of 51 m where this kind of foundation is the
most appropriate
Rest Areas
- Semi Subm. >100 m depth
Or

- Spar Boy >120 m depth

7. Economic Elements and Annual Power Production

7.1 Economical Elements

In order to compare the wind turbines with each other and determine which one is the most
suitable for installation in the respective area, there is a necessity for their homogenization.
These are wind turbines of different companies, different power with different impeller
height (hub height) and different surface area of the impeller (swept area). So the only way
to homogenize them was to convert into financial data.

The most appropriate indicator for this conversion was the Levelized Cost of Energy (LCOE).
This indicator represents the sum of all the expenses during the life of a wind farm, which are
related to the current economic situation (adjustment to inflation), and are finally formed on
the basis of annual energy production. The LCOE index is specific to the measurements of the
cost of electricity generated by a wind turbine and it is defined as follows:

Annualised CAPEX+Annualised OPEX
LCOE = (27)

Average Annual Energy Production
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Capital expenditures (Capex) are funds used by a company to acquire assets such as
property, plants, technology, or equipment. It is often used to undertake new projects
or investments by a company.

Making capital expenditures on fixed assets can include repairing a machinery or purchasing
an equipment. This type of financial outlay is made by companies to increase the scope of
their operations or add some economic benefit to the operation.

Especially for the installation of a wind farm the main Capex expenditures are purchase and
installation of wind turbines, construction, cabling and project supervision costs etc).

OPEX (Operational Expenditures) represents the cost of the operation and maintenance of
the project (transport, repairs, spare parts), salaries, insurance during the operation of the
project), throughout its life and maintenance.

Relevant calculations were made based for a scenario where 100 turbines were installed in
each area.

Basic parameter that was used, is the power of the turbine, so consequently was calculated
the annual gross power output of the entire wind farm (in MWh).

7.2 Annual Power Production
7.2.3 Weibull Distribution

The wind variation for a typical site is usually described using the so-called Weibull
distribution

In order to determine the available wind potential of an area, it is not sufficient to be aware
of the mean annual wind value, but it is also required the probability distribution of wind
speed. The probability distribution function of wind speed is one of the significant wind
characteristics for the estimation of the performance of wind energy conversion systems and
wind energy potential, as well as the environmental and structural design and analysis. It is
essential for wind industry to be able to characterize the difference of wind speeds. Such
information is required to optimize the design of wind turbines, to reduce energy generating
costs. And in this case, the Weibull probability distribution function has been estimated for
each is based on average wind speed for 20 years. This assessment is achieved by analyzing
wind data using Weibull probability function to find out the characteristics of wind energy
conversion

Effect shape factor on the probability distribution curve as a following:

k<1 the probability distribution function curve shape exponential.
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1<k<2 the probability distribution is considered Weibull -shape distribution or Gaussian.

The shape factor k is calculated base in the below formula

1.0983
K = (0.9;374) (28)
U

Areas Shape factor K
North Mykonos 2.28
North Corfu-Othonoi 1.66
North Kassos 2.05
Agios Efstratios 1.82
Kimi 1.92

Table 6. Weibull shape factor k

Consequently the function gamma is calculated for the value ( 1+1/k), in order to be used in
probability density distribution of wind speed. Given the function Gamma(x) and the annual
mean value of the velocity (already calculated,( Table 2 ), the Weibull Scale factor is obtained,
with the contribution of an exponential relation.

. U ear: average
Weibull Scale = —¥earyaverage (29)
1nl‘(1+K)
e

The Weibull cumulative distribution function (probability of each value of wind was then
used, which is defined as follows

F(x;a,B) =1-— e_(%)u (30)

o k (Shape Factor)

B: T (Weibull Scale)

x: wind speed (1 - 25m/s)

Consequently are calculated the number of hours each turbine operates in each speed.

Also the power production was calculated based on the power curve which is described
from the below formula

U3
Power Curve = 1 * Prated (31)
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U: wind speed (1 - 25m/s)
Prated: P given for each turbine as per tech data of manufacturer

It is worth mentioning that these percentages refer to the power produced by the turbine
based on the wind and do not yet include the losses until the production of net power in the
form of electricity. Next is the power output of the turbine in MWh, multiplying the operating
hours by the power cur