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ABSTRACT

The contemporary capabilities to address the limited fossil energy sources (coal and oil)
and the possibility of future depletion go to two main directions. These directions are deal
with energy sources and our needs in a scientific way to reduce the rates of depletion of
current sources and adapt to the data that will certainly be imposed by alternative energy
sources The wind energy has been at the forefront as a candidate for some short-term
human energy needs with the potential for future contributions to expand. Therefore, the
objective of this work is to design and wind systems for a single-family houses in
Güzelyurt, Northern Cyprus. Based on Wind Atlas Map, the wind home system can be
considered one of the best solutions to reduce electricity consumption and green gas
emissions in the selected region. Therefore, the Techno-economic evaluation of a 2kW
grid/grid-off connected wind system has been made. It is found that the average percentage
of reduction in electric consumption generated by diesel fuel is about 40% per year. The
results concluded that the proposed renewable system could be used as a power generating
for small households in Güzelyurt.
Keywords: Güzelyurt; grid/grid-off connected; wind home system; Techno-economic;
Renewable system
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ÖZET

Sınırlı fosil enerji kaynaklarını (kömür ve petrol) ve gelecekteki tükenme ihtimalini ele
alan çağdaş yetenekler iki ana yöne gider. Bu yönelimler, enerji kaynaklarıyla ve
ihtiyaçlarımızla, mevcut kaynakların tükenme oranlarını azaltmak ve alternatif enerji
kaynaklarının kesinlikle uygulayacağı verilere uyum sağlamak için bilimsel bir yolla ele
alınmaktadır. kısa vadeli insan enerjisinin gelecekteki katkılarının artması potansiyeli olan
ihtiyaçlar. Bu nedenle, bu çalışmanın amacı, Kuzey Kıbrıs'ta Güzelyurt'ta bir müstakil ev
için tasarım ve rüzgar sistemleri üretmektir. Rüzgar Atlası Haritasını temel alan rüzgâr
sistemi, seçilen bölgedeki elektrik tüketimini ve yeşil gaz emisyonlarını azaltmak için en
iyi çözümlerden biri olarak kabul edilebilir. Bu nedenle 2kW grid / grid-off bağlantılı
rüzgar sisteminin Tekno-ekonomik değerlendirmesi yapılmıştır. Dizel yakıtın ürettiği
elektrik tüketimindeki ortalama düşüş yüzdesinin yılda yaklaşık% 40 olduğu bulunmuştur.
Sonuçlar, önerilen yenilenebilir sistemin Güzelyurt'ta küçük haneler için enerji üreten bir
güç olarak kullanılabileceği sonucuna varmıştır.
Anahtar Kelimeler: Güzelyurt; ızgara / ızgara bağlantısı kapalı; rüzgarlı ev sistemi;
Techno-ekonomik; Yenilenebilir sistem
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CHAPTER 1
INTRODUCTION

1.1 Background
Global warming is a serious environmental phenomenon that threatens the quality of life
on the Earth's surface (Burton, 2019). This phenomenon is also called global warming. It
means the global warming dramatically and transforms it into a greenhouse, that is, to
retain heat and increase its surface temperature (Daniels, 2009). This phenomenon has
been clearly observed in the mid-twentieth century and serious work has been started to
find appropriate solutions to eliminate it and minimize its negative impacts (Daniels, 2009;
Burton, 2019).
Continuous environmental changes are likely to lead to global warming, the depletion of
strategic oil reserves and the ongoing threats of a potential problem of access to electricity,
all of which have recently led to contemplation of alternative energies, including wind.
Wind energy is a local renewable energy and produces no greenhouse gases such as
methane, nitric oxide, and carbon dioxide (Chanda and Bose, 2019; Chen et al., 2019;
Rogers et al., 2019). Turbines are devices used to convert the wind energy into electrical
energy and can also be placed on tall buildings (Caglayan et al., 2019; Ahmad et al., 2018;
Cali et al., 2018; Murray et al., 2019).
Wind energy is the process of converting wind movement to another form of energy that is
easy to use. Wind energy is converted into electrical energy by wind turbines, which are
the machines that convert kinetic energy in the wind into mechanical energy(Caglayan et
al., 2019; Ahmad et al., 2018; Cali et al., 2018; Murray et al., 2019). Energy that can be
used directly in pumps, grinding, or turbine recycling to generate electricity Increased
awareness of changes in the global climate has increased the importance of renewable
energies, increasing the demand for wind energy.
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1.2 The Concept of Renewable Energy
Energy is an essential component of the universe and is a form of existence. Energy is
usually derived from natural and abnormal sources, so it is divided into two main types:
renewable energy, which depends on natural resources, and non-renewable, and depends
on abnormal sources, but formed over time and under the influence of a variety of factors
(Paletto et al., 2019; Nazir et al., 2019; Topcu and Tugcu, 2019). All kinds of this energy
require the existence of special mechanisms, tools and techniques to extract and harness
them for the benefit of man. In this research topic we will shed light on renewable energy
and everything related to it.
Renewable energy is the energy derived from the natural resources of the environment and
does not run out. It produces renewable energy from wind, sun and water, in addition to the
energy resulting from tides, or geothermal energy. Renewable energy is environmentally
friendly energy unlike conventional energy based on fossil fuels and petroleum, Which
cause harm to the environment, cause global warming, cause global warming, and also
cause pollution of the environment with their wastes, which affected the lives of living
organisms on the surface of the earth, including humans, and caused him many health
problems, and appeared a lot of Diseases that were not present before.
1.3 Advantage of Renewable Energy
Renewable energy has a number of advantages over combustion of fossil fuels such as
(Nelson and Starcher, 2018)


Renewable energy is an inexhaustible energy.



Gives clean energy free from impurities, waste and residues.



Keeps human health.



Energy is considered environmentally friendly and does not cause any damage.



Provides many job opportunities for the unemployed.



Its cost is simple and low compared to some other types of energies.



Reduces the rate of natural disasters resulting from global warming.



Do not cause the production of acid rain harmful to plants.



They protect various species, especially those that are endangered.



Protects groundwater, seawater, rivers and fisheries from pollution and extinction.
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Contribute to food security.

1.4 Renewable energy sources
There are many natural sources that produce renewable energy, the most prominent of
which are the following (Nayeripour and Kheshti, 2011; Kemp, 2005; Dorsman André et
al., 2014)
Wind energy
Wind energy: is the conversion of the kinetic energy generated by the rotation of wind fans
by the impact of wind, which in turn move the turbines we get through the rotational
movement of electric power as shown in Figures 1.1 and 1.2.

Figure 1.1: Horizontal and vertical axis wind turbine

Geothermal energy
Geothermal energy: is the exploitation of heat energy stored under the surface of the earth
in the heating processes in the near-surface layers or the generation of electrical energy
through the transfer of high heat to steam turbines in the deep layers (see Figure 1.2).
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Figure 1.2: Geothermal energy

Biogas
Biogas: Methane is obtained from fermentation of animal or plant waste (biomass). Biogas
is used as an alternative to natural gas in electricity generation, water heating or even in
domestic uses (Figure 1.3).
Solar energy
Solar energy: The conversion of sunlight (light + heat) to the earth to heat or electric
energy (Figure 1.4).

4

Figure 1.3: Biogas procedure
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Figure 1.4: Solar energy

1.5 Wind Energy
Wind energy significantly conserves the environment, because it reduces carbon dioxide
emissions. This energy is also free from all pollutants related to nuclear plants and fossil
fuels. This energy is also inexpensive. Within weeks, a full air farm with large towers can
be made. In addition to this renewable energy, the wind is moving the turbines free of
charge. Nor are they affected by fluctuations in fossil fuel prices. It also does not need
drilling to be extracted or even transported to the stations. As fossil fuel prices rise around
the world, the cost of wind power generation is falling and rising.
In general, wind energy is classified as a renewable energy that does not consume fuel in
electricity production, which in turn greatly reduces the harmful emissions from fossil
energy generators.
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Wind energy poses a threat to many birds and other flying creatures, such as bats. One of
these organisms collides with blades on wind turbines to eliminate them, and studies show
that the number of birds killed annually in the United States by wind turbines Between 10
thousand to 440 thousand birds. Wind energy cannot provide the transport sector with the
energy it extracts, resulting in the transport sector relying solely on petroleum products.
Although winds are renewed they are not permanent but seasonal, and at very many times
the wind speed does not correspond to the required electrical energy. The wind turbines of
this energy produce too much noise to be overlooked. One wind farm or one mill can
produce very loud and noisy noise in just 24 hours, which can never be tolerated.
1.6 Aim of the Study
This study aims to propose a 2kW wind system that helps to reduce the electricity
consumption which generated by diesel fuel and reduce green gas emissions. Actually, the
objectives of this work is divided into three parts
1. Analyzing the wind potential at Güzelyurt location in Northern Cyprus using
RETScreen software.
2. Evaluating the performance of 2kW wind system in terms of energy calculation and
financial analysis.
1.7 Research Outline
This chapter is discussed the importance of renewable energy to the world. The importance
of wind energy, the types of wind turbine and blade element momentum theory are
presented in Chapter 2. Moreover, the methodology that used to evaluate the wind
potential and design a 2kW wind system for generating electricity in the selected region is
explained in Chapter 3. In Chapter 4 all test results are displayed for the proposed system.
On the end of the dissertation, the conclusions are presented in Chapter 5.
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CHAPTER 2
WIND ENERGY AND THEORIES

2.1 History of wind energy
Since the first sailors set their sails on their boat masts, the wind has begun to use energy
that splits seafarers and drives them to travel. About 2,000 years ago, the man began to use
wind-powered mills to grind grain and pump water (Hills, 1996) (Figure 2.1). Windmills
have not only spread to limited places, but have spread to all ancient civilizations, adjacent
to rivers and fields, and even arid places in the American Midwest and Australian
slaughter, to pump water for livestock (KOHILO, 2015).

Figure 2.1: Windmills
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However, starting in the late 19th century there has been a major shift in the exploitation of
wind energy, which has been transformed from mere kinetic energy into electric energy
that can be stored and transported over long distances and for use in every field dependent
on electricity (KOHILO, 2015)..
In July 1887, the first windmill to produce electric power was built in Scotland by
Professor James Blythe of the Anderson Institute (KOHILO, 2015). as shown in Figure
2.2. The mill was 10 meters high, its blades of cloth, and was charging batteries developed
by Frenchman Camille Alphonse Four to illuminate a cottage that entered history as the
first house to be powered by wind power (KOHILO, 2015).. Blythe offered to use excess
electricity to illuminate a street in Mahalla, but residents refused to offer it, out of fear of
this strange invention (KOHILO, 2015).
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Figure 2.2: First windmill to produce electric power

On the other side of the Atlantic, in 1888, Charles Brasch built a larger electric windmill,
which was used to produce electric power until 1900 (KOHILO, 2015).. It was installed on
an 18-meter-high pole with a diameter of 17 meters, a capacity of 12 kilowatts, and
charged batteries and lighted lamps (KOHILO, 2015). With the advancement of
technology in the twentieth century, wind energy was used to illuminate homes and
factories at greater distances (KOHILO, 2015) (see Figure 2.3).
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Figure 2.3: Wind turbine and generated electricity

2.2 Wind Energy
Wind energy is defined as a form of energy in which a turbine converts wind kinetic
energy into mechanical or electrical energy that can be used to generate power. It is an
indirect form of solar energy resulting from a combination of factors including unequal
heating of the Earth's atmosphere. Through the sun's rays and differences in topography
and rotation of the earth. Wind energy has been used in windmills, pushing sailboats and
water pumps.
Wind energy is a source of renewable energy that comes from the air flowing through the
surface of the earth. Wind energy is one of the pioneers of the technological breakthrough
that could lead to more efficient energy production, and its future looks promising, where
the kinetic energy of the wind is used to create mechanical energy, and generators convert
this energy into electricity so that it can be used for the benefit of humanity (Shu et al.
2015; Ozay and Celiktas, 2016).
Wind power has many benefits, which explain why it has become one of the fastest
growing sectors in energy sources. It is an economically viable source. It is the cheapest
energy in its “raw materials” and in generating electricity. It costs between two and six US
11

cents to produce a kilowatt-hour, according to the wind source and the financing of the
generating project. They are not subject to supply and demand and the resulting price
fluctuations, as happens with other energy sources. In the United States, the number of
people working in the sector in 2016 exceeded 100,000. The US Bureau of Labor Statistics
says the job of a wind turbine fan is the fastest growing in the past decade. From now until
2050, the sector is able to generate more than 600,000 jobs in the United States (Zayas,
2015). US research also suggests that winds support industry growth and American
competitiveness. According to the report's authors, US economic output benefits about $
20 billion each year. With their skilled workforce, Americans can compete in clean energy
(Zayas, 2015).
Wind energy is clean. The wind does not pollute the air, and the fans and turbines to
generate wind power do not emit any gases that are harmful to health or cause global
warming and acid rain. Wind power is "local" energy wherever you go. And the wind stock
in any country, prolific and uninhabitable (Jacobson, 2012). Wind energy is sustainable. It
is originally a form of solar energy, because the wind moves from the action of sunlight,
the rotation of the earth, and the diversity of the terrain (Jacobson, 2012). As long as the
sun shines and the earth rotates, wind power will remain available for investment
(Jacobson, 2012).
2.3 Basic Factors Affecting Wind Energy
Generally, the potential energy in the wind is proportional to three basic factors as follow
(Goodstal, 2013; Trivedi, 1999):
The speed of wind
In fact, the potential energy in the wind is not directly proportional to the wind speed only,
but directly proportional to the speed cube of these wind. In simple terms, it can be
concluded that if the wind speed at one site is twice that of another, the potential energy
contained in the winds of the first site will be eight times greater than that of the second
slower winds. Hence the importance of seeking and mapping the top locations at wind
speeds.
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Density
The second of these factors is the density of air, which has a proportional relationship to
the wind potential. It means that the higher the air density will produce more wind energy.
For example, the density in the cooler site is higher than the warmer site.
Swept Area
The third of these factors is the circular area, which the air will pass through the turbine.
This circular area is proportional to the square of the length of the turbine blade, which
represents the radius of the circular area. Therefore, increase the lengths of turbine blades
and thus increase the diameters of rotation of turbine blades are led to increase the wind
potential in specific site.
2.4 Wind Turbine Power Calculations
The theoretically available kinetic energy that wind possesses at a certain location can be
expressed as the mean available wind power (WPD) (Hicks, 2012).
Under constant acceleration, the kinetic energy of an object having mass m and velocity v
is equal to the work done (W) in displacing that object from rest to a distance s under a
force (F), i.e.:
(2.1)

𝐸 = 𝑊 = 𝐹𝑠

where, 𝐸 is the kinetic energy in J, 𝑊 is work done in J, 𝐹 is force in N and 𝑠 is distance in
m.
According to Newton’s Law,
(2.2)

𝐹 = 𝑚𝑎
where, , 𝑚 is mass in kg and 𝑎 is acceleration in m/s2
Hence

(2.3)

𝐸 = 𝑚𝑎𝑠

Using the third equation of motion
13

𝑉 2 = 𝑈 2 + 2𝑎𝑠

(2.4)

Then
𝑎=

𝑉 2 − 𝑈2
2𝑠

(2.5)

where, 𝑉 is wind speed in m/s and 𝑈 is initial velocity in m/s.
Since the initial velocity of the object is zero, thus

𝑎=

𝑉2
2𝑠

(2.6)

Substituting it in equations (2.3), the kinetic energy of the a mass in motion can be
expressed as equation (2.7)
1
𝐸 = 𝑚𝑉 2
2

(2.7)

The power in the wind is given by the rate of change of energy

𝑃=

𝑑𝐸 1 2 𝑑𝑚
= 𝑉
𝑑𝑡 2
𝑑𝑡

where, 𝑃 is power in the wind in Watt,

(2.8)

𝑑𝐸
𝑑𝑡

is energy flow rate in J/s,

𝑑𝑚
𝑑𝑡

is mass flow rate in

kg/s.
As mass flow rate is given by
𝑑𝑚
𝑑𝑥
= 𝜌𝐴
𝑑𝑡
𝑑𝑡

(2.9)

𝑑𝑥
=𝑉
𝑑𝑡

(2.10)
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𝑑𝑚
= 𝜌𝐴𝑉
𝑑𝑡

(2.11)

where, 𝑥 is distance in m.
Hence from equation (2.8), the power can be defined as
1
𝑃 = 𝜌𝐴𝑉 3
2

(2.12)

Where, 𝐴 is swept area in m2 and 𝜌 is air density in kg/m3.
2.5 Wind Turbine
Wind turbines are devices that used to convert the wind energy into mechanical energy
then electrical energy. They are classified into two types: horizontal axis wind turbine
(HAWT) and vertical axis wind turbine (VAWT).
2.5.1 Horizontal axis wind turbine
A horizontal axis wind turbine (HAWT) is a lift device composed of one, two or three
rotating blades. The blades are connected to a hub assembly; the hub is connected to a low
speed shaft (Sørensen, 2016). A gearbox transmits the rotation from the low speed shaft to
a high speed shaft attached to a generator as shown in Figure 2.4. The generator converts
the rotation of the high speed shaft into electrical energy (Sørensen, 2016). The wind
speed data is transmitted to a controller, which turns on the machine by releasing its
backing system when wind speeds are within the desired range for power production. A
HAWT contains a yaw system that directs the rotor towards the wind direction and a pitch
system to adjust the blades angles in order to maximize power output. A pitch system is
also used to feather the blades away of the wind direction at extremely high wind speed
conditions. A typically HAWT (70 m dia. mounted to a 60 m tall tower) starts to operate in
winds of about 5.36 m/s and produces approximately 1.6 MW, the maximum power output
is generated at about 12.52 m/s–13.41 m/s. The turbine blades are feathered to stop its
rotation when wind speed reaches 22.35 m/s. Figure 2.5 illustrates the separation distance
in cross- and downwind directions for HAWTs in a farm.

15

Figure 2.4: Types, Construction and Control System of HAWTs

Figure 2.5: HAWT Separation Distance in Cross and Down-Wind Directions
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2.5.2 Vertical Axis Wind Turbines
A vertical-axis wind turbine (VAWT) is a type of wind turbine where the rotating shaft is
set vertically and the main components are located at the base of the turbine (Manwell,
2011). This arrangement allows the generator and gearbox to be located close to the
ground, facilitating maintenance and repair (Manwell, 2011). VAWTs do not need to be
pointed into the wind which eliminates the need for wind sensing and orientation
mechanisms. Three types of VAWTs exist, H-rotor, Darrieus and Savonius shown in
Figure 2.5. Lift type VAWTs constructed of vertical airfoil blades (H-rotor and Darrieus)
gain the interest of most manufacturers (Manwell, 2011). However, drag type VAWTs
(Savonius turbines) have the potential to offer significant advantages in high turbulence
areas.

Figure 2.6: Different Types of VAWTs (a) H-Rotor, (b) Darrieus, and (c) Savonius
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2.5.3 Difference between HWAT and VAWT
The comparison between HWAT and VAWT is summarized in Figure 2.7. Moreover, the
main advantages of VAWTs over HAWTs are (Hemami, 2012):


Lower cut-in wind speed: VAWTs can start producing electricity at lower wind
speeds compared to HAWTs which allows VAWTs to be placed closer to the
ground.



Omni-directional rotor: VAWTs do not need a pitch and yaw system to orient the
blades into the wind.



Lower noise level operation: VAWTs operate at lower tip speed ratios compared to
HAWTs; they do not generate as much noise, and have lower vibration levels.
Lower construction, installation, and maintenance costs: Construction and
installation costs are lower for VAWTs than HAWTs since VAWTs have fewer
moving parts. The inverter and generator are located near the ground and a gearbox
may not be required (direct generation systems) making a VAWT easier to
maintain.

Figure 2.7: Characteristics of different types of wind turbines
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2.6 Blade Element Momentum Theory
As mentioned previously, a wind turbine is a machine that converts the kinetic energy in
the air into mechanical energy. A wind turbine is a device that extracts kinetic energy from
the wind and converts it into mechanical energy. Therefore wind turbine power production
depends on the interaction between the rotor and the wind. So the major aspects of wind
turbine performance like power output and loads are determined by the aerodynamic forces
generated by the wind (Sørensen, 2016)..
The blade element momentum theory (BEMT) for hovering rotors is a hybrid method that
was first proposed for helicopter use by Gustafson and Gessow (1946) and Gessow theory
approaches. The principles involve the invocation of the equivalence between the
circulation and momentum theories of lift. With certain assumption, the BEMT allows
inflow distribution along the blade to be estimated (Sørensen, 2016)..
Blade Element Momentum Theory equates two methods of examining how a wind turbine
operates. The first method is to use a momentum balance on a rotating annular stream tube
passing through a turbine. The second is to examine the forces generated by the aerofoil lift
and drag coefficients at various sections along the blade. These two methods then give a
series of equations that can be solved iteratively (Sørensen, 2016).
The Blade Element Momentum method combines the Blade Element Theory and the
Momentum Theory. In this method, we assume that aerodynamic forces acting on a blade
element can be estimated as the force on a airfoil of the same cross-section, advancing
through the air with the uniform velocity at the angle of attack α and that the force on the
whole blade can be derived by adding the contributions of all the elements along the blade
(Sørensen, 2016).
Also, there is no induction between consecutive blade elements except in so far as such
induction modifies the characteristics of the same airfoil section. In the Blade Element
Theory, we also consider some assumptions related to the blade behavior. These are
(Sørensen, 2016):
1. The operation of an element is not affected by the adjacent elements of the same
blade.
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2. The effective velocity of the element through the air is the vector resultant of the
axial velocity (V0) and the rotational velocity (Ωr).
3. The airfoil characteristics are used for the blade elements.
4. The force from the blades acting on the flow is constant at each annular element.
This stands for the rotor with an infinite number of blades.
According to the Blade Element Momentum (BEM) method, the steady loads thrust and
power can be calculated for different operation conditions of wind speed, rotational speed
and pitch angle. For unsteady purposes to calculate time series of the loads, some
engineering models must be implemented.
As mentioned above, the BEM method joins the momentum theory with the local
conditions at the actual blades and dividing the stream tube into N annular elements of
height dr as shown in Figure 2.8. Therefore, the lateral boundary of these elements consists
of streamlines and thus there is no flow across the elements. From the ideal rotor, we
obtained the required

Figure 2.8: Annular control volume

The thrust (T) and torque (M) can be calculated as given below.
𝑑𝑇 = 4𝜋𝜌𝑉02 𝑎(1 − 𝑎)𝑟𝑑𝑟

(2.13)
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𝑑𝑀 = 4𝜋𝜌𝑉0 𝛺(1 − 𝑎)𝑎′ 𝑟 3 𝑑𝑟

(2.14)

It is obvious that the relative velocity (Vrel ) seen by a section of the blade is a combination
of the axial velocity V0(1 − a) and the angular velocity (1 +a′ ) Ωr at the rotor plane as
Figure (2.9). By definition, θ is the local pitch of the blade (the angle between the chord
line and the plane of rotation). It consists of the pitch angle θp (the angle between the tip
chord and the rotor plane) and the twist of the blade β which is measured relative to the tip
chord. Hence, θ = θp + β. Also, ϕ is the angle between the planes of rotation and the
relative velocity Vrel. According to Figure 2.10, the local angle of attack α is defined as
(2.15)

𝛼 = 𝜙−𝜃

Moreover, it is found that

𝑡𝑎𝑛(𝜙) =

1 − 𝑎 𝑣0
1 + 𝑎′ 𝛺𝑟

(2.16)

Figure 2.9: Velocities at the rotor plane
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Figure 2.10: Flow and blade angles of a blade element

In addition, by knowing the lift coefficient (CL), drag coefficient (CD) and the chord length
(c)of each airfoil, the lift (𝐿) and drag (𝐷) forces per length can be computed as
1
2
𝐿 = 𝜌𝐶𝐿 𝑉𝑟𝑒𝑙
𝑐
2

(2.17)

1
2
𝐷 = 𝜌𝐶𝐷 𝑉𝑟𝑒𝑙
𝑐
2

(2.18)

By definition, the lift and drag forces are perpendicular and parallel to the velocity seen by
the rotor respectively. In order to calculate the forces which are normal and tangential to
the rotor plane, we must decompose the above lift and drag forces into these directions as
Figure 2.11. Therefore, we get
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Figure 2.11: Decomposition of the lift L and drag D forces into the rotor plane
PN = Lcosϕ + Dsinϕ

(2.19)

PT = Lsinϕ − Dcosϕ

(2.20)

By normalizing the equations. (2.19) and (2.20) with

1
2

2
ρVrel
c , it is found that

Cn = CL cos(ϕ) + CD sin(ϕ)

(2.21)

Ct = CL sin(ϕ) + CD cos(ϕ)

(2.22)

Cn = 1

PN

(2.23)

2
ρVrel
c
2
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Ct = 1

PT

(2.24)

2
ρVrel
c
2

From Figure 2.9, it can be seen that
𝑉𝑟𝑒𝑙 𝑠𝑖𝑛𝜙 = 𝑉0 (1 − 𝑎)

(2.25)

𝑉𝑟𝑒𝑙 𝑐𝑜𝑠𝜙 = 𝛺𝑟(1 + 𝑎′ )

(2.26)

Now, the solidity as the portion of the annular area in the control volume covered by the
blades is defined as

𝜎 (𝑟) =

𝑐(𝑟)𝑁𝐵
2𝜋𝑟

(2.27)

where NB, c (r) and r denote the number of blades, the local chord and the radial position
of the control volume, respectively. Since PN and PT are forces per unit length, the normal
force and the torque on the control volume of thickness dr are
dT = NBPN dr

(2.28)

dM = rNBPT dr

(2.29)

Combination of equations (2.23), (2.25) and (2.28) gives

𝑑𝑇 =

1
𝑉02 (1 − 𝑎)2
𝜌𝑐𝑁𝐵
𝐶𝑛 𝑑𝑟
2
𝑠𝑖𝑛2 𝜙

(2.30)

Similarly, combination of equations (2.24), (2.25), (2.26) and (2.29) yields
1
𝑉0 (1 − 𝑎)𝛺𝑟(1 + 𝑎′ )
𝑑𝑀 = 𝜌𝑐𝑁𝐵
𝐶𝑡 𝑟𝑑𝑟
2
𝑠𝑖𝑛𝜙𝑐𝑜𝑠𝜙
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(2.31)

Finally, if equations (2.30) and (2.13) for dT are equalized and equation (2.27) is applied,
then the axial induction factor is obtained as
1
𝑎 = 4𝑠𝑖𝑛2 (𝜙)
𝜎𝐶𝑛

(2.32)

+1

If equation (2.31) and (2.14) for dM are equalized, the angular induction factor is obtained
as
1
𝑎′ = 4𝑠𝑖𝑛(𝜙)𝑐𝑜𝑠(𝜙)
𝜎𝐶𝑡

(2.33)

−1

Now, it is assumed that there is no radial dependency for different control volumes in BEM
method, so each section can be evaluated separately. The BEM model algorithm includes
the following steps:
1. Initialize 𝑎 and 𝑎′ ; generally = 𝑎′ = 0 .
2. Calculate the flow angle ϕ using equation (2.16)
3. Calculate the local angle of attack using equation (2.15).
4. Read CL(α) and CD (α) from the table
5. Calculate Cn and Ct
6. Calculate a and a′
7. If a and a′ has changed more than a certain tolerance, go to step (2) otherwise
finish.
8.

Calculate the local loads on the portion of the blades.

The above steps are shown in Figure 2.12. Because of the assumption which was made at
the BEM model, here we need two corrections to the above algorithm.
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Choose guess values
for 𝑎 and 𝑎′

Calculate α (α = ϕ - β) and
find CL and CD from the
airfoil data corresponding
to α

Calculate ϕ from
Eqn. (4)

Substitute
previous 𝑎 and
𝑎′ for new
values

Does new 𝑎 and 𝑎′
differ by more than
the target % from
previous 𝑎 and 𝑎′?

No

Calculate
Cn and Ct from
Eqns. (9) and (10)

Calculate 𝑎 and
𝑎′ from Eqns (20),
(21)

Yes
Finished

Figure 2.12: BEM model algorithm

The first one corrects the assumption of the infinite number of blades and the second one is
an empirical relation between the thrust coefficient CT and an axial induction factor a when
it becomes greater than approximately 0.4. The corrections are:
1- Prandtl’s Tip Loss Factor
Prandtl’s tip loss factor adjusts the assumption of an infinite number of blades. So, instead
of using equations (2.32) and (2.33), the following relations are used for a and a′
1
𝑎 = 4𝐹𝑠𝑖𝑛2 (𝜙)
𝜎𝐶𝑛

(2.34)

+1
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1
𝑎′ = 4𝐹𝑠𝑖𝑛(𝜙)𝑐𝑜𝑠(𝜙)
𝜎𝐶𝑡

(2.35)

+1

where F and f (Glauert Correction) are defined as

𝐹=

2
𝑎𝑟𝑐𝑐𝑜𝑠(𝑒𝑥𝑝(−𝑓 ))
𝜋

(2.36)

𝑓=

𝑁𝐵 𝑅 − 𝑟
2 𝑟𝑠𝑖𝑛(𝜙)

(2.37)

Recall that NB, R, r and ϕ are defined as the number of blades, rotor radius, local radial
position and flow angle, respectively.
2- Glauert Correction
The simple momentum theory is valid only for a small value of axial induction factor and it
is not valid for values larger than approximately 0.4. In this condition, empirical relations
between the thrust coefficient CT and would be performed to meet the experiments. The
relation is given by

CT = {

4(a2c

4a(1 − a)F
+ (1 − 2ac )a)F

if a < ac
if a > ac

(2.38)

where ac = 0.2 and F is Prandtl’s tip loss factor. So instead of equations (2.34) and (2.35),
for a < ac
1
a = 4Fsin2(ϕ)
σCn

(2.39)

+1

Otherwise

a=

1
(2 + K(1 − 2ac )
2
− √(K(1 − 2ac ) + 2)2 + 4(Ka2c − 1))
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(2.40)

where
4Fsin2 (φ)
K=
σCn

(2.41)
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CHAPTER 3
MATERIAL AND METHOD

3.1 Wind Home System
Wind turbine is direct way to convert the wind energy into electricity, and the electricity
amount available for daily use will be determined based on the capacity of wind turbine
and wind speed availability. The wind turbine can be mounted on the rooftops to generate
electrical power. Figure 3.1 illustrate the configuration of wind home system, which
utilized to electricity for domestic household in order to reduce the fuel consumptions and
air pollution. A simple wind home system consists of the wind turbine, lead battery, and
inverter, as well as the directly connected DC appliances.

Figure 3.1: Configuration of wind home system

3.2 Selected Region and Electricity Feed-in Tariff in Northern Cyprus
In this study, the data are collected from household in Güzelyurt, Northern Cyprus.
Güzelyurt is located in the northwestern part of Cyprus. The location and area-specific
information are shown in Figure 3.2 and Table 3.1, respectively.
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This city has low

populations compared to other cities in Northern Cyprus as shown in Figure 3.3. Recently,
regarding the development technologies, related activities, and policy making have
increased. For instance, the Feed-in tariffs for residential electricity have increased and the
value of Feed-in tariffs are summarized and listed in Table 3.2.

Figure 3.2: Map of Cyprus (

selected region)

Table 3.1: Güzelyurt, Northern Cyprus information
Region location
Latitude (°N)
Longitude (°E)
Elevation (m)

35° 12' 3.528''
32° 59' 26.808''
49

30

18%
50%

13%
3%

8%
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Güzelyurt

Lapta

other

Figure 3.3: Population density in major cities in Northern Cyprus

Table 3.2: Electricity Feed-in tariff in Northern Cyprus [source:
Residential
Tariff
0-250kWh
251-500 kWh
501-750 kWh
> 750 kWh
0-250kWh
251-500 kWh
501-750 kWh
> 750 kWh
0-250kWh
251-500 kWh
501-750 kWh
> 750 kWh

Period
01/01/2015
1910/2015
01/04/2016
20/10/2016
21/12/2016
30/04/2018

Value
[TL]
0.44
0.48
0.52
0.54
0.40
0.45
0.49
0.2
0.52
0.60
0.67
0.75

Residential
Tariff
0-250kWh
251-500 kWh
501-750 kWh
> 750 kWh
0-250kWh
251-500 kWh
501-750 kWh
> 750 kWh

Period
20/10/2015
31/03/2016
21/10/2016
20/12/2016

Value
[TL]
0.44
0.48
0.52
0.54
0.44
0.49
0.53
0.56

3.3 Wind Turbine System for Residential Building
Renewable energy systems can be improved energy efficiency and reduced energy demand
to provide the dominant contribution to tackling global climate change. Increasing energy
demand, environmental pollution, and global warming are the main factors that increase
the tendency towards renewable and clean energy resources.
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Table 3.3 lists the electrical equipment available in the studied residential home along with
their average hours of use daily period of use in hours. The residential house is a typical
two bedroom for small family.

Table 3.3: Electrical load available in the residential houses
Selected house

House 1

House 2

Description
32’’ LED TV
Washing Machine
Satellite Receiver
Refrigerator
Laptop
Vacuum Cleaner
LED lamps
Air-conditioner
Clothes iron
Microwave oven
Water pump
Toaster
32’’ LED TV
Washing Machine
Satellite Receiver
Refrigerator
Laptop
Vacuum Cleaner
LED lamps
Air-conditioner
Clothes iron
Microwave oven
Water pump
Toaster
Hair dryer

Ratings
80
480
12
300
200
800
63
750
1000
1200
500
800
55
480
12
750
50
800
63
750
1000
1200
500
800
1000

Hours of use per day
12
1
12
24
5
1
7
5
1
1
1
1
10
1
10
24
10
1
7
12
1
2
1
1
1

Energy
660
480
144
7200
250
800
1323
3750
1000
1200
500
800
550
480
120
18000
500
800
1323
9000
1000
2400
500
800
1000

The selected location for this study is a residential Building with small space available on
rooftop area (roughly 100 m2). Figures 3.4-3.6 show the mean monthly electricity
consumptions for a period of January 2016- December 2017 for three chosen household
with different capacity in selected regions. It is noticed that the highest amount of
electricity are recorded in summer and winter seasons. In addition, the average electricity
consumption for the selected house is about 512kWh/yr for house 1 and 473kWh/yr for
house 2.
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Figure 3.4: Mean monthly electricity consumption for house 1
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Figure 3.5: Mean monthly electricity consumption for house 2
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3.4 Materials
3.4.1 Wind turbine
The selection of a wind turbine is a function of the wind power density of the region and
class. It is essential that the wind resources are accurately modeled for region evaluation
and sizing of the wind turbine. The amount of electricity that can be produced from the
wind turbine depends on the wind speed of the specific region. Therefore, the wind speed
measurements of the studied region and the power curve of the selected wind turbine are
the most important factors for choosing the best wind turbine for the specific region. In this
study, the performance of wind turbine, namely a horizontal axis wind turbine (HAWT)
was investigated. Generally, HAWTs are the most commonly used for generating
electricity today. The selected wind turbines have chosen after an overall comparison
between different types of wind turbines. In addition, the selected turbines are considered
for their reasonable cost. The characteristic of the selected wind turbines models is
presented in Table 3.4.

Table 3.4: Characteristics of used wind turbine
Parameters

Value

Hub height [m]

5

Rated power [kW]

0.4

Rotor diameter [m]

1.1

Design life [years]

20

Cut-in wind speed [m/s]

2

Rated wind speed [m/s]

16

Cut-off wind speed [m/s]

-

3.4.2 Battery
Wind batteries are utilized to store the electrical energy generated by panels during the
daylight. Batteries play an important role in load supply during the night or any time that
solar irradiation is not sufficient. Table 3.5 lists the characteristics of the batteries used in
this study.
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Table 3.5: Characteristics of used batteries
Battery company name
Varta

Voltage
12

Capacity
50Ah

3.4.3 Charge controller and inverter
The charge controller is used to control the current from PV panels to the battery. The
charging controller can be used as a protection against overcharging or deep charging in
PV systems. Specifications of the applied inverter used in this study are presented in Table
3.5.
Table 3.5: Charge controller characteristics
Type
Nominal charging current
Nominal voltage
Max panel voltage

Modular power switch
45 A
12 V/24 V/48 V
30 V in 12 V system
50 V in 24 V system
95 V in 48 V system
< 6 mA
25℃ to 50℃
IP22
< 80℃

Self-power consumption
Ambient temperature range
Case protection
Normal charge temperature

3.5 Energy and Economic Assessment of Wind System
RETScreen software is used to assess the economic and energy of PV solar system for
single house family. In this study, Güzelyurt region in Northern Cyprus was selected for
the installation of the system. After selecting the location area the complete RETScreen
analysis has been conducted. This analysis consist four main steps:
I. Selection of facility type (i.e. single family house as shown in Figure 3.6),
II. Energy analysis (see Figure 3.7)
III. Emissions analysis (see Figures 3.8),
IV. Financial analysis (see Figures 3.9).
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Figure 3.6: Selection of facility type

Figure 3.7: Energy analysis
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Figure 3.8: Emissions analysis

Figure 3.9: Financial analysis
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Wind Potential in the Selected Location
Figures 4.1 and 4.2 show the GeoModel long-term averages of wind resource: mean wind
speed (Figure 4.1) and mean wind power density (Figure 4.2). It is found that the mean
wind speed values in Güzelyurt region are within the range of 2.5-2.75 m/s. The maximum
wind speed is obtained at the mountain areas, approximately ranging from 3.00m/s to 4.89
m/s as shown in Figure 4.1. Moreover, the wind power density values were found in the
range of 44-75W/m2 at 50 m height as shown in Figure 4.2.
Furthermore, based on the wind power classification (Table 4.1), it is noticed that the wind
power density at Güzelyurt is categorized as poor wind power. It can be concluded that the
wind power density in Northern Cyprus is considered as poor except at some area, which
can be classified as marginal.
Understanding wind resource is crucial for the development of wind energy applications.
In particular, for the wind power sector, wind turbine technology typically requires an
analysis on wind speed. This Global Wind Atlas, the most reliable sources of data currently
available are used to generate the wind resource estimates provided, with the objective of
supporting policy development of wind power project.
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Figure 4.1: Mean wind speed map at 10m height

Figure 4.2: Mean wind power density map at 10m height
39

Table 4.1: Wind power density classification at 10m height
Wind power class
Wind power density[W/m2] Resource potential
10-100
1
Very poor
1+
100-200
2200-250
2
Poor
2+
250-300
3300-350
3
Marginal
3+
350-400
4400-450
4
Good
4+
450-500
5550-550
5
Very Good
5+
550-600
6600-700
6
Excellent
6+
700-800

4.2 Description of Wind Speed Data based on Wind Atlas Map
The descriptive statistics of the selected location including maximum, minimum, mean,
median, standard deviation (SD), coefficient of variation (CV), Skewness and Kurtosis is
presented in Table 4.2. It is found that the mean wind speed data are varied from 2.58m/s
to 4.18m/s. The maximum wind speed is found to be 15.49 m/s in 2017. In addition, the
CV are low, ranging from 50.81% to 73.6%. In addition, it is noticed that all Skewness
values are positive which indicate that all distributions are right skewed. The Kurtosis
values are moderately high, ranging from 1.67 to 5.90. Furthermore, the annual mean
wind speed is found to be 3.16m/s, indicating that the selected location has low wind speed
due to the number of constrictions and populations.
Moreover, the hourly wind speed data of Beirut is illustrated in Figure 4.3. It is observed
that the maximum wind speed of 15.49 m/s is occurred on 7 January 2017 at 21:00pm.
Furthermore, Figure 4.4 shows the mean monthly wind speed data for the elected location.
During the investigation period (2015-2017), it is found that the highest and lowest mean
daily wind speed are recorded in December 2017 and September 2016 with a value of 5.95
m/s and 1.99 m/s, respectively. In addition, it is found that the annual wind speed value is
found to be 3.16 m/s.
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Table 4.2: Descriptive statistics of wind speed series
Variable
2015
2016
2017

Mean SD
CV Minimum
[m/s] [m/s] [%]
[m/s]
2.48
1.31 50.81
0.065
2.63
1.60 58.73
0.00
3.15
2.36 56.42
0.08

Median Maximum Skewness Kurtosis
[m/s]
[m/s]
[-]
[-]
2.36
10.32
0.83
1.14
2.56
12.52
1.56
5.42
3.78
14.98
1.18
1.62

Figure 4.3. Hourly wind speed in Güzelyurt, Northern Cyprus
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Figure 4.4: Mean monthly wind speed in Güzelyurt, Northern Cyprus

4.3 Description of Weather Data and selected wind turbine based on RETScreen
Table 4.3 lists the weather data of the selected location based on NASA source. It is found
that the mean air temperature, relative humidity and global solar radiation are 20.416℃,
68.148% and 5.46 kWh/m2/d, respectively. Furthermore, the annual mean global solar
radiation is found to be 226.06W/m2, indicating that the selected location has high solar
radiation. Moreover, Furthermore, it is found that the wind speed values are varied from
3.1 to 4.5 with average value of 3.6m/s.
Moreover, Figure 4.5 shows the relationship between the wind speed and relative
humidity. It is observed that the wind speed is decreased as the relative humidity increases.
In addition, it is found that increasing of global solar irradiation and temperature lead to
decrease the wind speed of the selected region as shown in Figures 4.6 and 4.7.
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Table 4.3: Weather parameters of the selected region measured at 10m
Relative
Humidity [%]

Wind speed
[m/s]

Global horizontal
irradiance [kWh/m2/d]

J
F
M
A
M
J
J
A
S
O
N
D
Annual

12.1
11.7
13.4
16.7
20.3
24.5
27.8
28.0
25.8
22.2
17.6
13.7
19.5

63.1
62.4
61.5
61.8
62.3
57.8
52.9
54.1
54.1
55.4
58.9
62.8
58.9

4.3
4.5
4.0
3.5
3.1
3.3
3.4
3.4
3.4
3.2
3.7
3.9
3.6

2.65
3.63
5.07
6.27
7.49
8.41
8.23
7.40
6.22
4.59
3.11
2.32
5.46

5

64
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Figure 4.5: Monthly variation of wind speed and relative humidity

43

Relative Humidity [%]

Air temperature
[℃]

Wind speed [m/s]

Month

9

4,5

8

4

7

3,5

6

3

5

2,5
4

2

3

1,5
1

2

0,5

1

0

0
1

2

3

4

5

6

7

8

9

10

11

Global horizontal irradiance [kWh/m2/d

Wind speed [m/s]

5

12

Month [-]
Wind speed [m/s]

Global horizontal irradiance [kWh/m2/d

Figure 4.6: Monthly variation of wind speed and daily global horizontal irradiance
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Figure 4.7: Monthly variation of wind speed and air temperature
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Air temperature [℃]

25
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The selected wind turbines that satisfy the estimated annual energy for the selected
location are shown in Table 4.5. In this study, the selected wind turbine, Stealth Gen D400
/ 0.4 kW Wind Turbine with the capacity of 400W has chosen after an overall comparison
between different types of wind turbines.

Table 4.5: Specification of the selected wind turbine
Characteristics
Stealth Gen D400 / 0.4 kW
Hub height [m]

5

Rated power [kW]

0.4

Rotor diameter [m]

1.1

Design life [years]

20

Cut-in wind speed [m/s]

2

Rated wind speed [m/s]

16

Cut-off wind speed [m/s]

-

Number of blades

3

Generator

3 Phase AC PMG

Maximum RPM

1200

Break System

Electrical

Blade material

Glass reinforced nylon

Output voltage [V]

12/24

Minimum operation temperature [℃]

-20

Maximum operation temperature [℃]

12

The wind turbine number that can be installed in the location is estimated based on the
distance between the turbines i.e. 6 to 9 times the diameter of the horizontal axis wind
turbine and 3 to 5 times the diameter of the vertical axis wind turbine. The number of wind
turbines that could be installed on the roof of the building is found to be to be 5 turbines.
Moreover, the amount of the time that the wind project is able to generate electricity over
an investigation period of the time divided by the total amount of available time during the
period is called availability factor. Figure 4.8 shows the power-speed curve of the selected
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wind turbine, which indicates the amount of power produced by the wind turbine models
for each wind speed value.

Figure 4.8: Power and energy curves for the selected wind turbine

4.4 Economic Analysis
In order the estimate the solar potential in the selected region, the geographical location of
the selected study is entered. Figure 4.9 shows the coordinate and weather parameters of
the selected study. The results indicate the selected region has high wind potential (i.e.
selected region has a mean wind speed of 3.6m/s.
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Figure 4.9: Weather data of selected region

In this study, 5 wind turbines with a capacity of 400W are used for a total power
generation capacity of 2kW. The simulation results indicate that the capacity factor of the
proposed wind turbine project is 16.5%. In addition, the initial cost of the proposed system
is about 1000$ as shown in Figure 4.10.
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Figure 4.10: Technical data of wind turbine

This work describes the wind turbine system for a single-family house in Northern Cyprus.
The electrical equipment along with the load and number of hours used during a day in the
selected house is shown in Figures 4.11 and 4.12.
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Figure 4.11: Electrical equipment’s in the selected house

Figure 4.12: Lamp characteristics used in this study

The analysis of emissions of greenhouse gases, a proposed case is determined by using
2kW wind turbine system. Figure 4.13 shows the analysis of CO2 emissions avoided by
using wind energy. It is found that CO2 emission is reduced by 16%. And the reduction of
total annual emissions of greenhouse is 125$/tCO2 as shown in Figure 4.14. Moreover, the
cumulative cash flows and Pre-tax are shown in Figure 4.15. This reflects that investment
in proposed system based in PV, is profitable with positive profit margins after 4.1 years of
operation.
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Figure 4.13: Analysis of CO2 emissions avoided by the use of wind turbine system

Figure 4.14: Analysis of financial for proposed system
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Figure 4.15: Cumulative cash flows and Pre-tax
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4.5 AC and DC Output of Wind Turbine with Capacity of 400W
As mentioned previously, the best angle for the proposed 2kW and the maximum and
minimum energy production are measured in June and November, respectively. Therefore,
Figures 4.16-4.19 illustrate the AC and DC output for the proposed system for June and
November, which are measured experimentally (see Appendix 1). Moreover, it is noticed
that the maximum energy output in terms of AC and DC output is recorded for the first day
and last day in June and November, respectively. The AC and DC output for these days are
shown in Figures 4.20 and 4.21. It is observed that the system starts storage electricity or
generate electricity during the period of 06:00 am-19:00 pm for June and 06:00 am-17:00
pm for November.
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Figure 4.16: AC output for June
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Figure 4.17: DC array output for June
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Figure 4.18: AC output for November
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Figure 4.19: DC array output for November
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Figure 4.20: AC and DC output for first day in June
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Figure 4.21: AC and DC output for the last day in November

4.6 Diesel Fuel vs PV system
Figures 4.22 and 4.23 illustrate the monthly electricity consumption using diesel fuel and
electricity production using wind system for the selected houses. It is found that the annual
wind electricity production is 2361kWh. In addition, it is observed that the maximum
electricity production for the proposed system is recorded in winter season (January and
February).
Moreover, the percentage of reduction is shown in Figures 4.22 and 4.23 for both houses.
It is found that the average percentage of reduction is about 40% per year. It is concluded
that Due to the high energy demand of the house, the use of wind energy can be helped to
reduce the demand into 100% of clean energy.
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Figure 4.22: Percentage of electric reduction for house 1
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Figure 4.23: Percentage of electric reduction for house 2
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CHAPTER 5
CONCLUSIONS

5.1 Conclusions
The wind energy moves the blades of the fans and makes them rotate, and this when they
turn the turbines that lead to the generation of electrical energy. This energy source is
growing rapidly around the world. Adding to its appeal is that its technology is modest and
not complex. Two decades of effort have succeeded in making technical progress that has
led to the production of sophisticated wind turbines that are highly adjustable, easy and
quick to install. A single turbine now produces as much energy as twice as much as a
single turbine two decades ago. Now, wind farms provide as much energy as conventional
power plants. Therefore, the techno-economic evaluation of 2kW gird/grid-off connected
wind system for a small household was made in this study. The AC and DC output of the
proposed system were measured experimentally and the RETSCreen simulation tool was
used to estimate the reduction of CO2 emissions. In order to investigate the performance
of the proposed system, the generated electricity is compared with the electrical
consumption of two selected houses in the chosen region. The significant findings are
summarized below.



The wind power density in Northern Cyprus is considered as poor except at some

area, which can be classified as marginal.


It is found that the highest and lowest mean daily wind speed are recorded in

December 2017 and September 2016 with a value of 5.95 m/s and 1.99 m/s,
respectively. In addition, it is found that the annual wind speed value is found to be
3.16 m/s.


Based on simulation results, it is found that the wind speed values are varied from 3.1 to
4.5 with average value of 3.6m/s.



The simulation results indicate that the capacity factor of the proposed wind turbine
project is 16.5%.



It is found that CO2 emission is reduced by 16%. And the reduction of total annual
emissions of greenhouse is 125$/tCO2
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It is found that the average percentage of reduction is about 40% per year. It is
concluded that Due to the high energy demand of the house, the use of wind energy
can be helped to reduce the demand into 100% of clean energy.
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