CHAPTER ONE

INTRODUCTION
1.1 BACKGROUND

Due to the critical condition of industrial fuels which include oil, gas and others, the
development of renewable energy sources is continuously improving. This is the reason why
renewable energy sources have become more important these days. Few other reasons include
advantages like abundant availability in nature, eco-friendly and recyclable. Many renewable
energy sources like solar, wind, hydel and tidal are there. Among these renewable sources solar
and wind energy are the world’s fastest growing energy resources. With no emission of
pollutants, energy conversion is done through wind and PV cells.

Day by day, the demand for electricity is rapidly increasing. But the available base load plants
are not able to supply electricity as per demand. So these energy sources can be used to bridge
the gap between supply and demand during peak loads. This kind of small scale stand-alone
power generating systems can also be used in remote areas where conventional power generation
is impractical .

In this thesis, a wind-photovoltaic hybrid power generation system model is studied and
simulated. A hybrid system is more advantageous as individual power generation system is not
completely reliable. When any one of the system is shutdown the other can supply power. A

block diagram of entire hybrid system is shown in figure (1.1) below.
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Fig(1.1). Block Diagram Of Hybrid System



The entire hybrid system comprises of PV and the wind systems. The PV system is powered by
the solar energy which is abundantly available in nature. PV modules, maximum power point
tracing systems make the PV energy system. The light incident on the PV cells is converted into
electrical energy by solar energy harvesting means. Which extracts the maximum possible
power from the PV modules the ac-dc converter is used.

Wind turbine, gear box, generator and an AC— DC converter are included in Wind turbine, gear
box, generator and an AC — DC converter are included in the wind energy system. The wind
turbine is used to convert wind energy to rotational mechanical energy and this mechanical
energy available at the turbine shaft is converted to electrical energy using a generator.

1.2 LITERATURE REVIEW

Since both wind turbines and photovoltaics use renewable energy resources to generate
electricity, the benefit of combining them into a single system can be significant. The combined
system of photovoltaics and wind turbines is usually referred to as a hybrid system. In addition,
a battery system, diesel engine or micro hydro systems can also operate in parallel with this
hybrid system to meet load requirements [1]. Researchers face a very challenging task to
increase the total energy production from the system at the lowest cost and reliability [2-5].
Wind turbines are used to convert wind energy into mechanical energy and then into electrical
energy. Whatever the electrical energy generated by this system is alternative and unstable. So
some controllers or inverters are used to make it continuous and store in the battery. This energy
is used for household or other purposes. A group of photovoltaic cells that contain solar panels
in series or in parallel, convert solar energy into electrical energy.

This energy is in the form of DC and controller power for AC or DC loads. This system has high
daily electricity generation capacity, low manufacturing cost, low maintenance and has other
advantages as well [3,4]. By using this kit in the hybrid system, they have succeeded in
improving the power output of the system. The power generated from this system is used for
street lighting and other devices. Any combination of solar and wind energy. The hybrid system
can get enough power from both sources, and even if the power from one source is low at this
point, it will be compensated for by the other source. Hybrid systems have gained popularity in
the past, for applications in remote systems such as radio communications and satellite earth
stations, or in locations not accessible by conventional power grids [6,7].

Hence, a hybrid power system is defined as a combination of two or more types of power
generation systems, which is the combination of a solar energy system with a wind turbine

system to form a hybrid renewable energy system. Since the power production from this
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renewable energy is ultimately dependent on climatic conditions such as temperature, solar
radiation, wind speed, etc. The two generation sources are individually controlled, their output
going to the DC bus line to feed the isolated DC load or To the inverter section of the system to
download AC power [8,9]. Thus, it can be deduced that the hybrid system that combines solar
and wind generation units with storage means can decrease the fluctuation of these sources and
reduce the storage capacity. Aphotovoltaic hybrid system, which uses PV energy combined
with another energy source such as wind energy or diesel, is cheaper and more efficient than a

photovoltaic system alone [10] .

1.3 HYBRID SYSTEM (PV&WIND) REQUIREMENTS
It is very important to develop the hybrid system (PV&WIND) and to investigate its

effectiveness, we must scrutinize the tests and for four seasons of the year and investegations
for modelling and evidencing difficulties as much as possible, taking into account the following
data.

1.3.1 Attention And Observance of Meteorological Data

Site meteorological analysis should be done for best performance. It is important to take full
advantage of the solar / wind energy sources. As choosing the right place is the desired result.
All data must be measured by the hour, by day, within a year, according to weather or climate

change, such as wind strength, solar radiation, and temperature [11].

1.3.2 Load Demand

It is necessary part of system to design & analyse. To find out the exact load demand it is very
complicated and difficult to decide. Load variation for different seasons is not predictable, so

system has to be designed for nearer or more than load demand to full fill requirements [11].

1.3.3 System Configuration

By studying all data like solar radiation, wind speed and load demand proper selection of
equipment have to be made. But sizing of system will be according to the environmental
conditions. Because producing power from solar-wind is depend upon the location which is to
be selected [11].

1.4 THESISS MOTIVATION

In this thesis a proposed PV and wind models is used to estimate the energy output of PV / wind
system installed in Libya. The results show that with hybrid system energy saving could be
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achieved. As Libya relies on the oil and gas for electricity generation, these will reduce the
country revenue when the load demands increase in near future. Furthermore the adoption of the
PV and wind systems in Libya could help in creating awareness between people for the rational

use of electricity in addition to reducing the CO2 emission.

1.5 OBJECTIVE OF THE THESISS
The objective of this thesis is to model grid-connected PVV/Wind hybrid power system (MGs) at

steady state and study, their transient responses to changing inputs. From this model, the output
power from the two energy resources will be determined. The input for this model is solar
radiation and wind speed. In this case, Libyan weather data will be used in order to investigate
the potential of the hybrid PV/Wind system. The main objective could be summarized in the
following points:-
e To study and model PV cell, PV array and PV panels.
e To study the characteristic curves and effect of variation of environmental conditions
like irradiation and temperature.
e To trace the maximum power point of operation the PV panel irrespective of the changes
in the environmental conditions.
e To study and simulate the wind power system and track its maximum power point.
e To study the behaviours of the system during steady state and sudden changes in wind

speed and irradiance.

1.6 THESISS OUTLINE

The thesis has been organized into five chapters. Following the chapter one introduction, the rest
of the thesis is outlined as follows .

Chapter 2 represents the modelling of wind turbine system in detail and the influence of solar
radiation and temperature. The explanation was also done using illustrations and algebraic
equations.

Chapter 3 explains detailed modelling of the photoelectric (PV) array with explanations of
maximum power point tracking, control systems as well as illustrations and algebraic equations.
Chapter 4 presents the overall configuration of the hybrid microgrid system and all the
simulation results, using MATLAB/ SIMULINK .

Chapter 5 provides comprehensive summary and conclusions of the work undertaken in this
thesis and also acknowledge about the future work. The references taken for the purpose of

research work are also the part of this chapter.



CHAPTER TWO

WIND POWER SYSTEM

2.1 INTRODUCTION

Three phase AC power systems have existed for over 100 years due to their efficient

transformation of ac power at different voltage levels and over long distance as well as the

inherent characteristic from fossil energy driven rotating machines. Recently more renewable

power conversion systems are connected in low voltage ac distribution systems as distributed

generators or ac micro grids due to environmental issues caused by conventional fossil fuelled

power plants [4] .

Wind energy (wind flow causes the turbine blades to convert from mechanical energy to

electrical energy), and is a source of renewable energy that comes from the flow of air across the

Earth's surface. This wind turbine collects kinetic energy and converts it into usable energy that

can supply electricity to homes, fields, schools, or work on a small or large scale.

Wind energy is one of the fastest new sources of electricity generation in the world today, and

the most important advantages of this energy are the following.

a.  Green Energy: Electricity produced from wind energy is "clean™ because its generation does
not produce any pollution or waste gases.

b.  Sustainable: Wind is a renewable energy resource that is inexhaustible and does not require
fuel along to energy production.

c.  Affordable: Wind energy is a source of electricity at competitive prices, due in large part to
technological advances, the lack of maintenance and spare parts, and a large shelf life.

d.  Economic development: Wind energy is the electricity produced locally.

2.2 WIND TURBINES

It is well known that wind is a form of solar energy. Wind is caused by the uneven heating of the
atmosphere by sunlight, irregularities in the earth's surface, and the rotation of the earth. Wind
flow patterns are modified according to terrain, water bodies, and vegetation. Wind flow, or

kinetic energy, can be used by modern wind turbines to generate electricity .



With the use of power of the wind, wind turbines produce electricity to drive an electrical
generator. Usually wind passes over the blades, generating lift and exerting a turning force inside
the nacelle the rotating blades turn a shaft then goes into a gearbox, the gearbox helps in
increasing the rotational speed for the operation of the generator and utilizes magnetic fields to
convert the rotational energy into electrical energy. The basic components of a wind turbine

system are shown in figure below figure (2.1).

Hacelle

Blades

Fig (2.1). Major Turbine Components

Then the output electrical power goes to a transformer, which converts the electricity to the
appropriate voltage for the power collection system. A wind turbine extracts kinetic energy from
the swept area of the blades .The power contained in the wind is given by the Kinetic energy of
the flowing air mass per unit time [12]. Wind turbines can be distinguished into 2 categories,
fixed speed and variable speed wind turbines.

The fixed speed wind turbines are connected directly to the utility grid and operate with the
synchronous speed of the grid angular frequency regardless of the wind speed. The fluctuations
in the wind generate mechanical stresses to the generator. Furthermore, since the wind
generation system is connected to the utility grid directly, the fluctuations of the wind appear on
the electrical side. The variable speed wind turbines operate in an opposite way. The speed of
the generator is varied according to the wind speed solving the problem of the mechanical
stresses. As a result, the output voltages of the generator have variable amplitudes and
frequencies. Hence there must be a grid interconnection to convert the variable magnitude and

frequency voltages of the wind turbines to the synchronous frequency of the supply grid [13-15].
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2.3 TYPES OF WIND TURBINES

Wind turbines have two different types of micro-electricity generation, which means that they

can be easily installed in the home and others to generate electricity. Both types of wind turbines

have advantages and disadvantages.

2.3.1 A Horizontal Axis Wind Turbines (HAWT)

Horizontal axis wind turbines (HAWT) when speaking of giant wind turbines that stand along

coastal lines or across vast fields. Due to their high efficiency and large power output, they are

the most widely used turbines especially in commercial and industrial operation sites [16-18]

2.3.1.1 The Horizontal Axis Wind Turbine Consists Of The Following

The components can be identified from the following figure (2.2) [17].

a)

b)

Rotor blade

Brake
GearboX Generator

Electric
controls
Rotor hub
with blade
pitchmechanism

Yaw system

Fig (2.2). (HAWT)

Rotor And Blades

The rotor of a horizontal axis wind turbine (HAWT) has three long blades attached to the
tower or horizontal shaft. , The rotor blades are aerodynamically shaped so that they can
capture thrust from wind. Then the lifting force generates torque and thus the blades are
rotated and consequently the turbine rotates.

A typical modern horizontal axis wind turbine (HAWT) has a length of 40 to 90 meters
Nacil

Connected to the rotor, the nacelle contains the operational components that are connected to
the wind turbine generator. Its components are gearbox, alternator, brakes and control unit.
Yaw System

Located at the top of the tower and connected to the nickname, the diffraction system aligns
the turbine towards the wind. This ensures that the wind turbine always faces the oncoming

wind, which is essential for the rotor blades to catch the wind and initiate the spin.
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d) Designed For Large Scale Wind Power Generation
Horizontal axis wind turbines are capable of greater power output and higher energy
efficiency ideal for large scale wind power plants and electricity generation. For this
reason, they dominate the wind energy industry as a major renewable energy solution [16].

2.3.1.2 Advantages Of HAWT

Variable blade pitches provides the suitable angle of attack and greater control along with good
efficiency. It is located on taller towers therefore subjected to some greater wind speeds.
Usually a 10m increase in the height of a tower provide 20% increment in wind speed. Since
the blade moves at an angle complementary to that of the wind speed therefore drag forces are
greatly reduced which causes increment in the power output [17].

2.3.1.3 Disadvantages Of HAWT :

Greater construction costs for the larger structures. Also the transportation cost increases
significantly. Production of noises affect the radar operations. Great wind speed and
turbulences may lead to that of structural failure. Additional Yaw Controlled mechanisms are
required [19].

2.3.2 a Vertical Axis Wind Turbines (VAWT)

Vertical axis wind turbines are less affected by frequent changes in wind direction with the
horizontal axis rotating the blades on the rotor shaft perpendicular to the ground. With the blades
and shaft installed this way, the turbine does not need to rotate to follow the direction of the
wind. The shaft was installed close to a site and the reason was that the column and its
components were installed on the tower as in the following figure 2.5. On locations such as

rooftops or buildings in which electricity is to be generated [16]

2.3.2.1 Types of Vertical Axis Wind Turbine

There are primarily two types of VAWT; Darrius and Savonius wind turbine.

a) Darrieus Wind Turbine.

This type was invented in 1931 by Georges Darrieus. It works with at least two blades that are
vertically oriented and revolve around a vertical shaft. These turbines are high speed and low
torque machine that generate AC electricity.

The generator of the turbine is located at the bottom of its blades. Blades are mounted with the
help of a monopole. There are few guy wires connected to the pole that keeps the pole in place

when the wind flow rotates the blades as in the figure (2.3).
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One of the main drawbacks of this kind of turbine is, it cannot start by its own. So, an external

power source is required to make it rotate as the initial torque is quite low.

Fig (2.3). Darrieus Wind Turbines

Some Of The Main Features Of The Darrieus Wind Turbines Are:
1- These turbines are great in terms of efficiency compared to the Savonius turbines.
2- It requires an outside source of power to start.

3- Turbines with more blade are more efficient.

4- High efficiency, low reliability.

b) Savonius Wind Turbines

Savonius wind turbines on the other hand, are low speed and high torque machine. Instead of
using blades, this one uses scoops to capture wind energy. Each turbine has two or more scoops
to produce electricity. The scoops turn around when the wind energy applies positive force on
the front side of the scoops and a negative force on the back of the scoops.

Instead of using lift generated air foil shaped blades, savonius wind turbines use drag, and that’s
the reason why they don’t rotate the scoops faster than the wind speed as in the figure (2.4).

Fig (2.4). Savonius Wind Turbines
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2.3.2.2 A dvantages of VAWT

Mounted close to the ground so tall structures are not required. It is having less cost and easier
maintenance, lower start up speed and very lower noise. Yaw control mechanisms are not

required.
2.3.2.3 Disadvantages of VAWT

It has lower efficiency due to that of the additional drag forces, due to lower height they can't
capture great wind speed at the higher altitudes, and generally they need some additional start up

mechanism as they are having zero starting torque.

2.4 WIND TURBINE OPERATION

The primary cause of atmospheric air motion, or wind, is uneven heating of Earth by solar

radiation. For example, land and water along a coastline absorb radiation differently, and this

creates the light winds or breezes normally found along a coast. Earth’s rotation is also an
important factor in creating winds.

Available power in the wind passing through a given area at any given velocity is due to the

kinetic energy of the wind speed and is given by [19-22].

1) 0~4.5 m/s, Wind speed is too low for generating power. Turbine is not operational. Rotor
is locked .

2) 4.5~11 m/s, 4.5m/s is the minimum operational speed. It is called “Cut-in speed”. In 4.5 ~
11m/s wind, generated power increases with the wind speed .

3) 11~22 m/s , Typical wind turbines reach the rated power (maximum operating power) at
wind speed of 11m/s (called Rated wind speed). Further increase in wind speed will not
result in substantially higher generated power by design. This is accomplished by, for
example, pitching the blade angle to reduce the turbine efficiency.

4) 22 <m/s, Turbine is shut down when wind speed is higher than 22m/s (called “Cut-out”

speed) to prevent structure failure.

2.5 WIND SPEED

Wind speed largely determines the amount of electricity generated by a turbine. Higher wind
speeds generate more power because stronger winds allow the blades to rotate faster. [21] Faster
rotation translates to more mechanical power and more electrical power from the generator. The

relationship between wind speed and power for a typical wind turbine is shown in Figure (2.5).
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Fig (2.5). The Power Curve, Where Cut-in Speed and Cut-out Speed Is Presented

Turbines are designed to operate within a specific range of wind speeds. The limits of the range
are known as the cut-in speed and cut-out speed. The cut-in speed is the point at which the wind
turbine is able to generate power. Between the cut-in speed and the rated speed, where the
maximum output is reached, the power output will increase cubically with wind speed. For
example, if wind speed doubles, the power output will increase 8 times. This cubic relationship
is what makes wind speed such an important factor for wind power. This cubic dependence does
cut out at the rated wind speed. This leads to the relatively flat part of the curve in Figure (2.5),
so the cubic dependence is during the speeds below 15 m/s (54 kph).

The cut-out speed is the point at which the turbine must be shut down to avoid damage to the
equipment. The cut-in and cut-out speeds are related to the turbine design and size and are
decided on prior to construction. [23, 24]

For example, the site chosen is between (Sabratha and Surman), the average annual wind speed

between 10 to 15 m / s which was applied in the simulation model [19].

2.6 GENERATOR

The wind turbine shaft connection fixed with the blades is mechanically connected to the rotor
shaft of the generator, so that the mechanical energy developed by the wind turbine as a result of
pushing the wind energy (called Kinetic energy to circulate into mechanical energy) is
transmitted to the shaft. This rotating structure contains a rotor winding (either a field or a motor
member). In both cases, we obtain a moving conductor in a static magnetic field or a fixed
conductor in a moving magnetic field. In both cases, the voltage is generated by the generator
principle. [20-22].
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2.6.1 Types of Generators Used In Wind Turbine System

Any types of three-phase generator can connect to with a wind turbine. Several
different types of generators which are used in wind turbines are as follows. Asynchronous
(induction) generator and synchronous generator. Squirrel cage induction generator (SCIG) and
wound rotor induction generator (WRIG) are comes under asynchronous generators. Wound
rotor generator (WRSG) and permanent magnet generator (PMSG) are comes under synchronous

generator. Detailed explanation is given [24].

2.6.1.1 Asynchronous (Induction) Generator

(@) Squirrel Cage Induction Generator (SCIG)

Squirrel cage induction generator is used for constant speed conditions in this type of wind
turbine. The squirrel cage induction motor is connected directly to the wind through the
transformer shown in Figure (2.6). There is a capacitor bank here to compensate for reactive
power and the soft starter is used for seamless connection to the network. One of its
disadvantages is that it does not support any speed control [24].

="=="="3
Gear ;(@E- :@——f‘ Grid ;‘
L

SCIG Soft-starter

Capacitor bank

Fig(2.6). Wind Turbine With a Squirrel Cage Induction Generator(SCIG) .

(b) Wound Rotor Induction Generator (WRIG)

In this type (WRIG) the concept of variable speed is used from the turbine and the rotating
wound induction generators are directly connected to the network as shown in Figure (2.7). The
variable rotor resistance is to control the slip and power output of the generator.

The soft starter used here is used as a reactive power compensator and reducing the current flow
to eliminate the demand for reactive power. The speed range is limited, and one of its
disadvantages when controlling the active and reactive power is poor, and the slip force

dissipates in the variable resistance because it will result in misfits in this configuration [24].
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Fig(2.7). Wind Turbine With a Wound Rotor Induction Generator(WRIG).

(c) Doubly Fed Induction Generator (DFIG)

The DFIG consists of a 3 phase wound rotor and a 3 phase wound stator. The rotor is fed with a
3 phase AC signal which induces an ac current in the rotor windings. As the wind turbines rotate,
they exert mechanical force on the rotor, causing it to rotate. As the rotor rotates the magnetic
field produced due to the ac current also rotates at a speed proportional to the frequency of the ac
signal applied to the rotor windings. As a result a constantly rotating magnetic flux passes
through the stator windings which cause induction of ac current in the stator winding. Thus the
speed of rotation of the stator magnetic field depends on the rotor speed as well as the frequency
of the ac current fed to the rotor windings as in the figure (2.8).

The frequency of the rotor ac signal increases as the rotor speed decreases and is of positive
polarity and vice versa. Thus the frequency of rotor signal should be adjusted such the stator
signal frequency is equal to the network line frequency. This is done by adjusting the phase
sequence of the rotor windings such that the rotor magnetic field is in the same direction as the
generator rotor [23-25] .

Turbine
ﬂ Transformer

Power grid

:IEA’E/ T D/C/
i |/ bc 1 /S ac|

Gearbox Filter | | DC link { Filter
: Rotor-side Grid-side |
{ converter converter
U TRse GSC
controller controller

Fig(2.8). Doubly Fed Induction Generator Wind Turbine (DFIG).
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2.6.1.2 Synchronous Generator

(@) Wound Rotor Synchronous Generator (WRSG)

Turbine with wound rotor connected to the grid is shown in figure (2.9). This configuration
neither require soft starter nor is a reactive power comparator its main advantage. The partial
scale frequency converter used in the system will perform reactive power compensation as
well as smooth grid connection .

The wide range of dynamic speed control is depends on the size of frequency converter .the
main disadvantage is that in the case of grid fault it require additional protection and use slip

rings [24].

Partial-scale
frequency converter

WRIG

Fig(2.9). Wind Turbine With a Wound Rotor Generator.

(b) Permanent Magnet Synchronous Generator ( PMSG )

In this type (PMSG) the generator is connected to the grid via a full range frequency converter
shown in figure (2.10) .
A frequency converter helps control both the active and reactive power that the generator
supplies to the grid [24].

Full-scale
frequency converter

r====" I

: G 1 = 1 Y ] G d
; ear | - A J 1 Tl
| e

PMSG/WRSG/WRIG

Fig(2.10). Direct-in-line Variable Speed Wind Turbine Connected To The Electric Grid Through a full-
Scale Power Converter ( PMSG ).
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2.7 DESIGN CONSIDERATIONS AND CHALLENGES

Generally speaking, wind turbine generators can be selected from commercially available
electrical machines with or without minor modifications. If a wind turbine design is required to

match a specific site, some key issues should be taken into account. These include [25]:
. Choice of machines.

. Type of drive training.

. Rated and operating speeds.

. Rated and operating torques.

. Tip speed ratio.

. Voltage regulation (synchronous generators).
. Methods of starting.

. Starting current (induction generators).

. Synchronizing (synchronous generators).

. Power converter topology.

. Weight and size.
. Protection (offshore environment).

. Capital cost and maintenance.

2.8 MODELING OF WIND POWER GENERATION UNIT

It is a variable speed, pitch-controlled wind turbine equipped with a double-feed induction
generator (DFIG) is the most popular choice for wind power system because it can convert wind
energy with high efficiency, control both active and reactive energy, reduce power fluctuations
and generate high quality power. Figure (2.11) shows the basic configuration of a grid-connected
DFIG wind power system .

The wind turbine is connected to an induction generator through a mechanical shaft system.

The stator of the induction generator is directly connected to the network while the rotor is
connected to the network via an AC / DC / AC transformer. A capacitor connected to the DC

side acts as a DC voltage source.
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Fig(2.11). Composition Of Wind Conversion System With DFIG

2.8.1 Mathematical Equations of Mechanical Power and Mechanical Torque

The mechanical power extracted from the wind is given by

P =5 ApV3C,y(A, B) 2.1)
Where p =1.225 kg/m3 is the air density, 8 is the pitch angle, C,,(4, ) is the power coefficient,
A is the blade’s swept area (m?) and V is the wind speed (m/s). w,, is angular speed of wind
turbine (rad/s) and R is the sweep area radius of the turbine blades, respectively [26-28] .

Where

P,, is mechanical power (W) .

A is tip speed ratio (TSR) given as = (w,, * R/V) .

p is number of poles .

And the mechanical torque developed by the wind turbine shaft is given as

T, = 2_1:1 = %ApVZCp(/Lﬁ)g 2.2
where T, is mechanical torque (N-m) and R is radius of turbine rotor (m) .

Cy(4,8) = 0.5176 (116 + - — 0.48 — 5) e & + 0.00682 2.3)
2= (om =R/ (2.4)

Where w,, is the generator rotating speed. According to Equation (2.4), there is a relation
between A andw,,. At certain wind speed and rotor speed, the power gets maximized and at that
instant, rotor speed is called as optimal rotational speed w,,.This speed corresponds to optimal
tip-speed ratio A,,;. So, in order to extract maximum power at variable wind speed condition, the

WT should be operated atd,,;.

16



2.8.2 Model for Shaft System

Figure (2.12) shows a two-mass model for the shaft system [29-31]. It consists of a low-speed
wind turbine mass and a high-speed generator mass, neglecting the gearbox mass because of its

relatively small inertia .

Wind Turhine Induction Generatar

Fig (2.12). Two-Mass Model For The Shaft System Of WTG

The electromechanical dynamic equations are

dwy

Tyt = Jwe % + Dwt(wwt - wgen) + Hwt(ewt - egen) (2.5)
doy,

dtt = Wyt (2.6)

d en

_Tgen = ]gen a;—i + Dgen(wgen - wwt) + ngn(egen - ewt) (2-7)
dBgen
% = Wgen (2.8)

where ww and wgen are turbine rotational speed and generator rotational speed in rad/s, Ty and
Tgen are turbine torque and generator torque, Ju: and Jgen are moments of inertia of the turbine
and generator respectively, Dy: and Dge, are linear damping coefficients of the turbine and the

generator, Hy:and Hgen are stiffness coefficients of the turbine and the generator.
2.8.3 The Doubly Fed Induction Generator (DFIG) Model

The DFIG park model in the d-q reference frame, assuming sinusoidal flux, constant winding
resistance, and neglecting magnetic saturation, is given in figure (2.13) [32-34].

Ly R, W, L R (w, -~ w, )@,
—res G O
Vis Ly, i’

Ly R, W, Ly R (ws — w, ),

* w0 -\ K — + [
Vs Lo v

Fig (2.13). DFIG Equivalent Circuit In d-q Reference Frame.
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The voltage and flux linkage can be calculated using the following set of equations:

Vas= Ry lgs — @5 @ + ol (2.9)
Vgs = Rsigs + ws@ o + d%’ (2.10)
Var = Rrlar - © gt ot 211)
Vgr = Rrlgr + @ @ar+ d(z‘" (2.12)
The flux equation are

gy = lsias thn iar (2.13)
Pos = lsigs *lm igr (2.14)
04 = bilar Ty igs (2.15)
Por = lrigr Hlm lgs (2.16)

2.8.4 Mathematical Model

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 distances under a force F.
E=W=F%*s (2.17)

According to Newton’s Law, we have:

Hence,
F =ma (2.18)
E=max*s (2.19)
Substituting it in equation (2.19), we get that the kinetic energy of a mass in motions is:
2

E=-mv (2.20)

_ 1 odm
p=1p20" (2.21)
d
d—’: = pAv (2.22)

Hence, from equations (2.21),(2.22), the power can be defined as:

P = pAv® (2.23)
A= anz (2.24)
P =2 pd*v® (2.25)
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2.8.5 Converter Models

The DFIG is generally used with two back-to-back PWM converters as shown in figure (2.14 ).
The grid-side controller is used to keep the DC-link voltage constant and to make the grid side
run at unity power factor, so that no reactive power is flowing between the rotor and the grid.
The rotor-side controller allows to control stator voltage and stator active power [30,35,36].

1z . B
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Fig. (2.14). Configuration Of The DFIG With AC DC AC Converter

2.9 CONTROL SYSTEM

2.9.1 Pitch Angle Control System

The pitch angle is kept constant at zero degree until the speed reaches point D speed of the
tracking characteristic beyond point D the pitch angle is proportional to the speed deviation from
point D speed. For electromagnetic transients in power systems the pitch angle control is of less
interest. The wind speed should be selected such that the rotational speed is less than the speed
at point D. If wind speed is below the rated value the rotational speed is adjusted so that power
coefficient remains max when the pitch angle is zero. Mean while, if wind speed increases above
the rated value pitch angle control is activated to increase the pitch angle to limit the mechanical

power. Figure (2.15) illustrates a conventional pitch angle control system. [30].

Fitch angle max,
—

W, + »| Pitch Angle| Fitchangle
"? Gain '
/7
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Fig. (2.15). Conventional Pitch Angle Control System.
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2.9.2 Control of Rotor Side Converter (RSC)
The stator-voltage oriented reference frame, in which g-axis is aligned with stator voltage vector
vs is used in rotor-side converter control as shown figure (2.16) [30].

Then, active power and reactive power injected into the grid from the stator terminal are

3 i i 3Lmn i
PS - E (vsdlsd + vsqlsq) - EL_SUS]”? (226)
3 ] . 3 Vs Ly
QS - E (vsqlsd + vsdlsq) - Evs (st - L_Slrd) 227)
f 2
1}‘{?!1]3\ (m_ w}_]‘ Lr _% jm
Pc.mf AP k ["!j ref 3 '_, : i
+ 7 ~ § + i
- ];.'t}'.ref'
P Ty :
5 rg,min 3 X
" Rotor-side converter
control signal
Ve ros T

dg-> abe » PWM |=Pp

1
Qs.rm“ AQ A g 4 I/.l‘r;._ﬁ'ef
k ; i + rd i
+ 8 N
0, Ji min (-0 }" I3 ,% I

rd ,min

Fig(2.16). Control For Rotor-Side Converter

Consequently, from equation (2.26)(2.27) Psand Q are proportional to —i,q and —i,q respective Thus the
equations for the rotating voltage are:

. L\ d . Lz .

Vg = errd + (Lr - L_s) .El,ﬂd - ((1) - wr) (Lr - L_s) lrg (228)
. LZ\ d . L%\ . Limvs

Vrqg = Rplypg + (Lr — L_s) - lrq (w — w,) (Lr — L_s) g + (0 — wy). LSZ) (2.29)

2.9.3 Control of Grid Side Converter (GSC)
The grid-side converter is actually an inverter, and it is controlled in synchronous rotating frame
with d-axis aligned to the grid voltage vector (vga=Vvg, Vgq=0). Similar to equation (2.26),(2.27),

grid-side active power and reactive power are
3 . ,
Fy = E(vgd‘gd + Vsqlgq) (2.30)

Qg = %(vgqigd + vgdigq) (2.31)
From the figure (2.17) Thus Py and Qg are proportional to igg and -igq, respectively .  Active
power can be represented in terms of capacitor voltage vqc, So by regulating igq and igq capacitor
voltage and grid-side reactive power can be controlled. Using a Pl controller, the reference
values for the controlled currents are
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lgarer = (KP + Ki/ s) -(Vacrer = Vac)

igq,ref = (KP + Ki/S) . (Qgc.ref - Qg)

The relation between voltage vs and v, is

, d . ,
Usa = Vga + Rglgd + Lg.algd - O)Lglgq

) d . .
Vsq = Vgq + Rglgq + Lg ~ Laa + wlyigg
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Fig(2.17). Control For Grid-Side Converter

2.10 GRID SYNCHRONIZATION

One of the most important aspects of DG (Distributed Generation) systems is the grid

synchronization.

(2.32)

(2.33)

(2.34)

(2.35)

While synchronizing a DG with a utility grid it shall not cause a voltage fluctuation of more than

+ 5% of the existing voltage level at the Point of Common Coupling (PCC).

The injected current into the utility network has to be synchronized with the grid voltage.

Therefore, grid synchronization algorithms play an important role for distributed power

generation systems

The synchronization algorithm mainly outputs the phase of the grid voltage vector which is used

to synchronize the control variables.

network imbalance[34,35].

1- Zero-Crossing Method.

2- of and dq Filtering Algorithm .
3- Phase-Locked-Loop (PLL).
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2.10.1 Zero-Crossing Method

In the zero-crossing method, the phase angle of the grid is determined according to the time
difference between two zero-crossing points of the grid voltage. Since the zero-crossing points
are only updated at every half cycle of the utility voltage frequency, the dynamic performance of
this technique is low. Other than zero-crossing delay, an additional filtering has to be applied in
order to detect the fundamental frequency, which introduces extra delay to the system. Filtering
delay can be improved by using special high order predictive filters without delay, but these
filters add more complexity to the system. Among all technique, the zero crossing method has
the simplest implementation, but also poor performances are reported when using it, mainly if

grid voltages register variations such as harmonics or notches.

2.10.2 ap And dg Filtering Algorithm

The grid phase angle can be obtained by filtering the grid voltage in stationary (af) or
synchronous (dq) frames. Figure (2.18) shows the schematic of these methods of
synchronization.

As can be seen, the phase angle of the grid is extracted using filtering in either stationary or
synchronous frame. In stationary frame, the arc-tangent function is directly applied to the frame
but in synchronous frame, the dg signal must be transformed back into the stationary frame
before applying the arc-tangent function. The drawback of this method is the use of filtering,
which introduces a delay to the system, and therefore the calculated phase angle will lag the real

phase angle.

- o
e
Ay | abC . o, — — —— 0
D B8 J =\‘ at g _ atan| =
= el -1 | -
L
| [abC _|«B =-|DS |—=| Y s 0
b - 4 ‘ atan -
€ - “ﬁ P q (DS » aﬁ =

Fig(2.18). Synchronization Method Using aff And dg Frames
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2.10.3 Phase-Locked-Loop (PLL)

The third method of synchronization is the phase-locked-loop technique, which is the method
that will be used because it is appropriate and works for the purpose. A basic PLL circuit often
consists of three essential components: a phase detector, a loop filter, and a Voltage Controlled
Oscillator (Vco). Using a negative feedback loop, PLL minimizes the phase and frequency
errors between the input and output signals. Frequency is the time derivative of phase. Keeping
both the input and output phase in lock step implies keeping the input and output frequencies in
lock step. Consequently it can track an input frequency or it can generate a frequency that is a
multiple of the input frequency. The schematic of PLL is depicted in Figure (2.19). This
algorithm has better harmonic and disturbance rejection compared to zero-crossing and of-dq
transformation, but during grid unbalance conditions, this algorithm requires further

improvements.

Input Output
PFD —{Analog Filter— VCO >

Frequency divider

A

Fig(2.19) Phase-Locked-Loop Scheme

More details regarding the concept and implementation of this synchronization technique can be
found in literature. Because of its advantages and wide practical usage, PLL technique will be

employed in the simulation of the wind turbine system in this thesis.

2.10.3.1 Synchronous Reference Frame (SRF) PLL

In the conventional PLL, three-phase voltage vector is translated from the abc natural reference
frame to the af} stationary reference frame by using Clarke’s transformation, and then translated
to dq rotating frame by Park’s transformation as shown in Figure (2.20). The angular position of
this dqg reference is controlled by a feedback loop which makes the g-axis component equal to
zero in steady state. Therefore, under steady state condition, the d-axis component will be the

voltage vector amplitude [36].
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Fig(2.20). Basic Block Diagram Of The Conventional PLL

2.11 WIND TURBINE ROTOR SIZES

From equation (2.36) to that the available energy is proportional to the square of the rotor
diameter, as well as with the cube of the wind speed.

Therefore, to keep everything else constant, the power increase is proportional to the square of
the ratio of the increased diameter to the initial rotor diameter:

@ _ (d)2 (2.36)

Po(d)  \do

According to Enercon's design for 2014(http://www.enercon.de), a 15 KW wind turbine will

have a rotor diameter of 5.6 meters, which is taken as a reference as shown Table (2.1) .

TABLES 2.1: The Generator Rated Power As A function Of Rotor Diameters

Rotor diameter(m) Generator rated power (kw)
3.3 5
5.6 15
11 50
15 100
36 600
46 1000
127 7500

2.12 WIND TURBINE POWER COEFFICIENT (Cp)

(Cp) 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.
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Betz' Law. The theoretical maximum power efficiency of any design of wind turbine is 0.59 (i.e.
no more than 59% of the energy carried by the wind can be extracted by a wind turbine). This is

called the “power coefficient” and is defined as:

Actual Electrical Power Produced Pout
Cp = : _ _ = (2.37)
Wind Power into Turbine Pin
Cp max =0.59

Wind turbines cannot operate at this maximum limit. The C, value is unique to each turbine
type and is a function of wind speed that the turbine is operating in. Once we incorporate
various engineering requirements of a wind turbine - strength and durability in particular — the
real world limit is well below the Betz Limit with values of 0.3 - 0.4 common even in the best
designed wind turbines. By the time we take into account the other factors in a complete wind
turbine system .e.g. the gearbox, bearings, generator and so on - only 10-30 % of the power of
the wind is ever actually converted into usable electricity. Hence, the power coefficient needs to
be factored in equation (2.38) and the extractable power from the wind is given by [27]:

Pavail = ;1,014 1)3 Cp (238)

2.13 CALCULATIONS WITH GIVEN DATA

The data of the system is given as following:

Actual Electrical Power Produced, Py,; = 15 Kw

Rotor Blade dimeter, d = 5.6 m

Wind speed, v =15 m/sec

Air density, p = 1.225 kg/m3

Inserting the value for blade length as the radius of the swept area we have:

_d_56_ .
r=S=—--=28m
A = mr?

A=m(28)2=246m

Then, the power Coefficient (C,) from the wind into rotational energy in the turbine can be

calculated by using equation:

P 15000
Cp= —2 = =03

%pA& %lx1225x246x1§
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This value is used for the designed model, than normally defined by the turbine designers but it
is important to understand the relationship between all of these factors and to use this equation to

calculate the power Coefficient.

2.14 SIZING & SPECIFICATIONOF THE DESIGNED SYSTEM

In this design production of a total power of 60 kw divided into four turbines and for each
turbine 15 kw, relys on wind turbines so that the diameter of the turbine blades is 5.6 m and the
height of the turbines on the ground is about 80 meters at wind speeds from 10 to 15 m / s and
this is done by the turbine designers to determine the VValues From here, we notice that the higher
the turbine rises, the higher its speed, and thus we raise the turbine to a certain distance from the
surface of the earth (80 meters) to produce the required speed (10-15 m / s) (based on
Measurements of the nature of weather conditions in Libya and the area between Surman
and Subratha).

Attention to the overload power and efficiency of the AC DC inverter. Depending on the climate
and the efficiency of the AC DC inverter connected to the network at figure (2.21) it is expected
to obtain an average of up to 90% of the nominal classification of the wind turbines and to
maintain that no electrical noise is produced to avoid its interference with the waves of electronic
devices. It is very important to turn off the operation when any malfunction in the network for
the safety of engineers and technicians to repair the malfunction.
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Fig (2.21) Grid-Connected AC DC AC Converter
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Sizing and specifications of the designed system to power plant are presented in Tables 2.2

TABLES 2.2: Wind Power Plant Specification

Wind power plant specifications

Rated power plant 60 kw
Rated power turbine 15 kw
Voltage output 390 v
Nominal mechanical output power 1.5e4 w
No of turbine 4
Frequency 50 Hz
Wind panal specification
TYPE HAWT
No of blades 3
Rated of blades 15 Kw
Power coefficient Cp=0.3
Reted wind speed 15 m/s

DFIG generator specifications

Input Stator voltage Vs nom(Vrms) 575V

Input rotor voltage Vr nom (Vrms) 800V

Stator Resistance and inductance [ 0.023 0.18] pu
Rotor Resistance and inductance [ 0.016 0.16]
Magnetizing inductance Lm 2.9 pu

Nominal Output Current 56 A

Max. Output Current 76 A

Nominal AC Output Voltage 400Vac

AC OutputVoltageRange 360 — 440 Vac

Power Factor (cos)

0.9(Lead) ~ 0.9(Lag)

Max.efficiency

96.8 %

Operating Temperature

25Co - +60Co

Grid specifications

Number of phases 3-phases
Voltage rating 380 volts
Frequency 50 Hz

Number of phases 3-phases
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CHAPTER THREE

PHOTVOLTAIC CELL (PV)

3.1 INTRODUCTION

Solar energy is the process of converting light (photons) into electrical voltage because solar
photovoltaic cells convert sunlight directly into solar energy (electricity). They use thin layers of
a semiconductor material that has a different charge between the upper and lower layers. When
exposed to daylight, the electrons in the semiconducting material absorb the photons, increasing

their activity and the movement of electrons generates a current known as direct current (DC).

3.2 PHOTVOLTAIC (PV) ENERGY

A photovoltaic  energy system is mainly powered by solar energy. The configuration of PV
system is manifested in figure (3.1). It contains PV modules or arrays, which convert solar
energy in the form of solar irradiation into electric energy .The dc-dc converter changes
the level of the voltage to match it with the electrical appliances that are supplied by this
system [37] .

DC Loads
M,
- // —- L L d -
DC ,»-”f pc [ Atles®
2z // ,-,.-: /'/
" DC 7 AC . :
i : i = Grid
MPPT AC Conversion

Fig (3.1). Overall Block Diagram Of PV Energy System

This DC-DC converter may be either buck or boost or buck-boost contingent on the required
and available voltage levels. The maximum power point Tracing system coerces the
maximum power from the PV modules.

A bi-directional converter which is able to supply the current in both the directions is used to
charge the battery when there is a power surplus and the energy stored by the battery is

discharged into the load when there is a power deficit.
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3.3 SOME ADVANTAGES AND OF PV SYSTEMS

3.3.1 Advantage of Solar PV System

1. PV panels produce neat — green energy .

2. Cost of solar panels has fallen considerably in recent years thereupon future of solar PV panels
is indeed bright for environmental sustainability and economical viability .

3. PV systems can supply electricity in locations where electricity distribution systems (power
lines) do not exist, and they can also supply electricity to an electric power grid.

4. Maintenance and operating costs are considered to be less, nearly negligible, as compared to
other sources .

5. PV panels are totally soundless.

6. Residential solar panels are can be simply set up on the ground or on rooftops without any

interference to residential lifestyle.

3.3.2 Disadvantage of Solar PV System

1. Asinthe case of all renewable energy sources, solar energy has regularity problem .

2. They need extra devices for converting DC to alternating electricity AC so that it can
be used on the distribution system .

3. To get an uninterrupted provision of electric power, for some applications storage batteries are
also required; that increases the cost.

4. Although they have no significant operating costs or maintenance costs, they are delicate

and can be tampered relatively easily.

3.4 TYPES OF SOLAR CELLS

There are many ways to manufacture solar cells and accordingly there are different types of these
cells, all of which perform the same function, which is converting light into electricity, but they
differ in efficiency, cost and some details, and the most important types of these cells [38].

a. Monocrystalline Solar Cells

This type is highly pure, and the most efficient among the types of solar cells, it is produced
from a single crystal and therefore has a single molecular model, and has a distinctive
appearance, the efficiency of this type is about 16%, but it is very expensive as shown figure
(3.2)[38].
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Fig(3.2). Monocrystalline Solar Cells

b. Polycrystalline Solar Cells

This type of cell is manufactured by melting silicon and pouring it into special molds to give it
the desired shape, and this process will result in a polycrystalline model with different directions
and shapes, its efficiency ranges from 9% to 13%, and its cost is medium, which makes it

suitable for commercial use as shown figure (3.3)[38] .
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Fig(3.3). Polycrystalline Solar Cells

c. Thin Film Solar Cells

The biggest differentiating aesthetic factor when it comes to thin-film solar panels is how thin
and low-profile the technology is. As their name suggests, thin-film panels are often slimmer
than other panelty They are considered to be the lowest in terms of efficiency ranging from 3%
to 6% and low cost, due to their relatively easy manufacturing method; Where silicon is

deposited on glass or plastic surfaces, solar cells are formed as shown figure (3.4) [38].

Fig(3.4). Thin Film Soler Cells
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3.5 PHOTOVOLTAIC ARRANGEMENTS

3.5.1 PV Celi

When shining a light on the solar cell (PV), part of the radiation is reflected and the other part is
absorbed or passed through the solar panels made of semiconducting materials (which have a
positive charge and a negative charge) as shown in figure (3.5).

A cellular semiconductor material is defined as the difference between two energy levels: the
valence band and conduction band. The low-energy valence band contains negatively charged
electrons, while the high-energy conduction band is blank. When the photons hit the electrons
with an energy greater than the band gap, they can absorb enough energy to stimulate them from
the valence band to the conduction band. N-type) and other fraction with electron receptors (p-

type doping) creating a p-n junction [37] .

slss__ 4 L 4 L
metal A )7

L, Aes®p® P %
Junction y'/d( vc}"l’(":}% N

Fig (3.5). Structure Of PV Cell

3.5.2 PV module

A single cell generate very low voltage (around 0.4) , so more than one PV cells can be
connected either in serial or in parallel or as a grid ( both serial and parallel ) to form a PV
module as shown in figure (3.6).

When we need higher voltage, we connect PV cellinseriesand if load demand is
high current then we connect PV cell in parallel. Usually there are36or 76 cells in
general PV modules. Module we are using having 36 cells.

The front side of the module is transparent usually build-up of low-iron and transparent glass
material, and the PV cell is encapsulated. The efficiency of a module is not as good as PV

cell, because the glass cover and frame reflects some amount of the incoming radiation [39, 40].

3.5.3 PV array

A photovoltaic array (PV system) is an interconnection of modules which in turn is made up of

many PV cells in series or parallel. The power produced by single module is not enough to meet
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the requirements of commercial applications, so modules are connected to form array to supply
the load. In an arraythe connection of the modules issame as that of cells ina
module shown figure (3.6) [41] .

The modules in a PV array are usually first connected in series to obtain the desired voltages; the
individual modules are then connected in parallel to allow the system to produce more current. In

urban uses, generally the arrays are mounted on a rooftop [38].

Cell

Module

Array
Fig (3.6) Photovoltaic System

In this work the monocrystalline PV modules from Sun power were selected because they are
more space-efficient, higher heat tolerance, longer life span than the others and they tend to be
more efficient.

The following table represents the datasheet of selected monocrystalline module for system
design and that provided by the manufacture which will modelled and simulated to compare it is
response to the datasheet information which illustrated in table Full details for selected module
specification include. Typically, three points (lsc, 0), (Voc, 0) and (Vmpp, Impp) @re provided by the
manufacturer’s datasheet at Standard Test Conditions (STC) as tables 3.1.

TABLES 3.1: Standard Test Conditions (STC)

Solar panel specifications

Maximum Power (Pmax) 220 W
Voltage at Pmax (Vmp) 41.0V
Current at Pmax (Imp) 537 A
Open-circuit voltage (\Voc) 48.6 V
Short-circuit current (Isc) 575 A
Temperature coefficient of Isc 3.5 mA/°C
Temperature coefficient of Voc -132.5mV/°C
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3.6 SOLAR CELLS WORK PRINCIPLE

The solar cells are placed directly under the sun. So that its rays are absorbed and converted
directly into electrical energy, so that this energy benefits the human being in all areas of his life.
When a semiconductor material absorbs light, the material's electrons begin to be emitted. This
happens because the light is composed of small energizing particles called photons, after
receiving energy from sunlight, the semiconductor electrons get excited and jump to the
conduction bar from the valence band and are free to move, the particles move in only one
direction and the current develops. Semiconductor materials contain metal electrodes through
which the current exits, which causes the release of electrons from silicon (a semiconductor

material) until they are collected in the form of solar energy, as in Figure (3.7)[37].

Light

L

Fig (3.7) Working Of PV Cell
3.7 MODELLING OF PV CELL

Although PV systems have many advantages, they have suffered from changing system
performance due to weather changes (solar irradiance, temperature) figure (3.8), high installation
cost, and low efficiency that does not reach 20 % per unit [42].

Therefore, PV system modelling is an important aspect of improving the performance of PV
systems and there are mathematical equations for PV modules individually.
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(a) : I-V Characteristic With Varying G From 600 to 1000 At Constant Temperature
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From the Figure (3.9) shows and in series / parallel as they are connected in a PV system. Figure

(3.10) shows a PV array, consisting of multiple modules, linked in series and parallel [43, 44].

s
N\ I e
>~ l,, 7
@ !119 [ Rsh Va
o

Fig (3.9) . Equivalent Circuit Of Single Diode Modal Of a Solar Cell

The PV cell can be modelled as a diode in parallel with a constant current source and a shunt
resistor. These three components are in series with the series resistor as shown figure (3.9)[ 45] .
The output terminal current (1) is equal to the light generated current (I,n), less than the diode

current (Ip) and the shunt-leakage current. (lsn)
I:Iph_ID_ISh (31)

Where Va is the terminal voltage of the cell .

The diode current is given by the classical diode current expression .

Ip = I [ 22— 1] 3.2)

AKT

Where I, = the saturation current of the diode
q
A described as the ideality factor of the diode and its value is between 1 and 2
K = Boltzmann constant =1.38 * 10%® Joule/°KT

the electron charge = 1.6 * 10%° Coulombs

T =temperature [°K]

The load current is given by the expression :

e e e 3)
Where

Ipp = [Isc + K; (T — 25)] 1000 3.4)
L= Lor (£) exp [ (2~ ) @5
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Efficiency of a PV cell does not depend on the variation in the shunt resistance R, of the cell but
efficiency of a PV cell greatly depends on the variation in series resistance Rs. As R, of the cell
is inversely proportional to the shunt leakage current to ground so it can be assumed to be very
large value for a very small leakage current to ground. As the total power generated by a single
PV cell is very low, we used a combination of PV cells to fulfill our desired requirement. This
grid of PV cells is knows as PV array. [43,44].
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rs Rs
Np Np
N\ (__—o
\ — .
I‘!}‘J-'? ( lfD 1 / +
Ish
' r s Ns ;
Nplph @ Ns Va
P Np Rsh
S .
Fig (3.10). Equivalent Circuit Of PV Arry
Ny
Rs,arry = N_pRs (3.6)
Ny
Rsh,arry = N_pRsh 3.7)
q (Va , IR Va , IRs
I = Ithp — IpNp Iexp <E(N_S+N_ps>> - 1] N_5+N_p (38)

Small change in chain resistance can further affect PV cell efficiency but difference in shunt
resistance does not affect more. For a very small leakage current to the ground, the mathematical

equation of the model can be expressed as follows.

I = LNy — IpNp Iexp <A"? (1‘;—5 + %S)) - 1] (3.9)
Where;

I,V, cell output current and voltage and

Rs series resistance .

los cell reverse saturation current .

K short circuit current temperature coefficient at Iscr , K| =0.0017 A/°C.

G solar irradiation in - W/mZ.

Iscr short circuit current at 25° C and 1000 W/m2,
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Ioh light generated current
Eco band gap for silicon .

T, reference temperature, Tr =301.18° k.

lor cell saturation currentat T,and Rg, = shunt resistance.

Np Number of parallel cells.

Ns Number of series cells.

I-V and P-V characteristics of PV module are shown in figure (3.11), respectively.
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Fig (3.11). (a)The typical 1-V and power-voltage (P-V) Curves are based on the cell model; Py.x is the
maximum power point, while I, is the current and Vmp is the voltage at the maximum

power point. Characteristic (b) I-V and (c) P-V curves of a solar panel.

Depending on the load energy demand per day, energy produced by PV system during the day,
certain ratio of average daily energy consumption is considered as essential loads and is target by
supplying energy from PV system during day perio [45] .

when electric main supply on and off, so this type of operation may reduce bill value
dramatically. The total value of the DC current and voltage that produced from the whole PV
system can be calculated by using rated module voltage Vmpp, rated module current Impp, and

the number of modules in series-parallel connection respectively as shown the tables (3.1) [46].

Vic(otaly = Vmpp X (NO of series connected modules) (3.10)
=41x10=410V
| deotany = Impp X (NO of parallel connected modules) (3.11)

=537x40=2148 A

Pdctotaty = I degtotaly X Vdeftotal) (3.12)

=410 x 214.8 = 88 kw
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After investigation of the whole system |-V and P-V characteristics, rated output DC voltage and

current it found accurately validate to the information provided by the manufacture's data sheet

and theory calculati

on.

In Figure (3.12) shows the simulation results for I-V and P-V characteristics respectively of the

PV panel with output roughly of 88 KW at standard test condition with specifying current and

voltage values of the system at maximum power point.
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Fig (3.12).(a) I-V and (b) P-V . Characteristics Respectively Of The PV Panel
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3.8 SHADING EFFECT

When a unit or part of it is shaded, it begins to generate less voltage or current compared to the
unit not shaded. When the units are connected in series, the same current will flow in the whole
circuit but the shaded part cannot generate the same current but must allow the same current to

flow, so the shaded part will start acting like a load and start to consume power As in the
following figure (3.13) [47] .
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Fig (3.13) PV Array in Shaded condition

When the shaded portion begins to act as a load, this condition is known as the hotspot problem.
Without proper protection, the problem of hot spots may arise, and in severe cases, the system
may be damaged. To reduce the damage in this case, a bypass diode can generally be used.

Thus when the shaded shade current flows through the bypass diode instead of the shaded series
because the side diode is directly biased, and as a result, no energy is lost in the shaded cells and
the illuminated cells generate only energy.

And thus, Figure. (3.14) shows the effect of bypass diodes on PV properties of the PV panel and
multiple peaks may occur on the curve and thus the conventional MPPT algorithms are unable to
track the global peak which is the true MPP [38,41].
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Fig. (3.14). (left) I-V (blue) and P-V (green) curve of a solar array with no shading; (right) 1-V (blue)

and P-V (green) curve of a solar array with shading.
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3.9 THE IV RECTANGLE

Calculate the power (P) in the circuit which is ideally multiplying the current in phase, I times
Vo.. And when you increase the voltage in the cell. Therefore, the curve rapidly decreases
beyond a specified point and consequently there is a constant rise in power with increasing
voltage, before we fall off the "cliff" of the curve. There is a point where we will get the
maximum power which is the point known as the maximum power point or (MPP) as shown in
figure(3.15) [47] . When doubling the current by voltage at the maximum power point is the
same thing as calculating the area of a rectangle on the curve. This rectangle will always be less
than the required maximum. If there is a method for obtaining the power = Isc * V, then it can
be calculated as a result of considering area calculations. Scientists define a term called fill factor

(written as FF), which describes how much energy we get from the cell compared to Isc * Vo .

Isc

A

Current,

|

|

I
/oltage, V Voc
Fig (3.15). The IV And Power Curves For a solar Cell

In other words, the fill factor is how close we are to "filling" the Isc x VVoc rectangle.

From the aforementioned we explain that the current often depends on the area of the solar cell
in question in order to compare the currents more equitably. The current density is usually used,
which is the current divided by the area (usually in units of milliamps per cm?).

So it is often you see this symbol instead of the current | that we've talked about so far, as we see

in the Fill Factor (f f) model equation below.

ff= —P;n 2% — ‘mim (3.13)

oc ISCVOC
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3.10 CALCULATE OF SOLAR CELL EFFICIENCY

Calculating efficiency is one of the most important measurements at the end of the day, because
it determines how much electricity you can get from solar cells. It is defined as the ratio of the

energy a cell exits to the energy it enters with sunlight. We can calculate it by noting that the
input force is the ideal (lsc * Voc) multiplied by the fill factor (ff). 1f we know the input energy

density (or radiation) of the sun, then divide the two[37,47]:

Pnax = Ichocff (3-14)
_ IscVocff
y = bactecl] (315)
PmaX
= P (3.16)
Where:

Pmax 1S the maximum power output.
E is the incident flux.

A is the area of collector.

Vo IS the open-circuit voltage.

Isc is the short-circuit current.
ff s the fill factor.

n is the efficiency.

3.11 MAXIMUM POWER POINT TRACKING (MPPT) .

Solar | SOWER ) DC-DC
Panel =11 Converter
AR o
= 2
3 B o 9
: > e
MPPT | | LOAD
Controller |

Fig(3.16). Basic Block Diagram Of MPPT In PV System

From the shown in figure (3.16). MPPT algorithms are essential in photovoltaic applications

because the MPP of the solar panel varies with different irradiance and temperature and The
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maximum power is generated by the solar module at the point (I-V) where the output voltage and
current is [Power (W) = Volts (V) * Amps (A)]. This point is known as MPP.

The role of MPPT is to ensure that the PV module runs on its MPP, extracting the maximum
amount of available power. If we get good irradiance and proper temperature, the photovoltaic
system can generate maximum energy efficiently while using the efficient MPPT algorithm with
the system [48-52].

3.11.1 Different MPPT Techniques

There are Different techniques used to track the maximum energy point. Among all the
algorithms, P&O and Inc algorithms are the most popular as they have the advantage of easy
implementation. Under normal conditions, the PV curve only has one maximum point, so it is
not a problem. However, if the PV matrix is partially shaded, there are several extremes in these

curves. Among the most common techniques are [49]:

Perturbation and Observation (P&O) method.
Incremental Conductance (INC) method.
Fractional short circuit current method.

Fractional open circuit voltage method.

o ~ w0 D

Neural networks.

6. Fuzzy logic.

3.11.2 Perturbation and Observation (P&QO) Method

The advantage of this method is that it is simple, easy to implement, and the algorithm most
commonly used. , P&O is based on the variation of the output voltage of the PV module, and
comparing the energy currently supplied by the solar cells with the energy obtained at the
previous moment in time and therefore this method was chosen [48].

The P&O algorithm works by continuously measuring the terminal voltage and current of the PV
array, continuously disturbing the voltage by adding a small perturbation, and then monitoring
changes in the output power to determine the next control signal as shown in figure (3.17).

If the output power increases, the turbulence will continue in the same direction in the next step,

otherwise the turbulence direction will be reversed.
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Fig (3.17). State flowchart Of P&O MPPT Technique.

To improve tracking speed and algorithm accuracy, perturbation must be constantly adjusted. By
observing the characteristic curves of the photovoltaic cells [49, 53].
By observing the characteristic curves of PV cells, the power increment dP and voltage

increment dV satisfy .

At the left of MPP: dP/dv>0
At the right of MPP: dP/dVvV<0
At the MPP: dP/dV =0

That is, when the operating point of the PV module is to the left of the photovoltaic curve (dP
positive), which means the output power of the PV module increases, and then the voltage
perturbation of the PV module will continue in the same direction towards MPP.

If the unit operating point is on the right side of the P-V curve, the controller will move the PV
module operating point backwards in search of true MPP. This can be accomplished by reversing
the direction of the perturbation. The diagram for this method is shown in Figure (3.18) [54-57].
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Fig (3.18). a Perturbation and Observation Method Technique Block Diagram Of PVS

3.12 DC-DC CONVERTER

A DC-to-DC converter is a device that accepts a DC input voltage and produces a DC output
voltage. In addition, DC-to-DC converters are used to provide noise isolation, power bus
regulation[58]. The selection from the variety of available topologies is based on such
considerations such as cost, performance and control characteristics, which are determined by
the application requirements. No topology is better or worse than the other. Each topology has
advantages as well as disadvantages and so the choice is a question of the needs of the user and

the system application [59] .

3.12.1 Types of DC-DC Converter

The DC-DC converter is defined as an electrical circuit and its function is to convert DC voltage
From one value to another value, up or down, depending on the availability of supply and the
requirements of the load, that is, it raises the voltage level up or down. The variable DC voltage
level can be regulated by controlling the operating ratio (on-off time of the switch) of the
transformer [53,60, 61].
There are different types of DC transformers that can be used to transform the voltage level. We
mention some of them .

1. Buck converter.

2. Boost converter.

3. Buck-Boost converter.
1. Boost Converter Design

The boost DC converter is used to step up the input voltage by storing energy in an inductor for
a certain time period, and then uses this energy to boost the input voltage to a higher value. The
circuit diagram for a boost converter is shown in figure (3.19)
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Fig(3.19). Boost Converter

When switch Q is closed, the input source charges up the inductor while diode D is reverse
biased to provide isolation between the input and the output of the converter. When the switch is
opened, energy stored in the inductor and the power supply is transferred to the load. The

relationship between the input and output voltages is given by[41].

Vinton + Vi — Vout)toff =0 (3.17)
Voue _ tonttors _ 1 (3.18)
Vin torf 1-d )

3.13 ULTRA-CAPACITOR (UC) MODEL

Ultra-capacitor (UC), also known as super-capacitor, is a popular energy storage device for many
applications because of its power density and ability to store and release power within short time
periods [53].

ESR(R,)
O AV
(t)
1
v () —— - SEPR(Ry)

@
Fig(3.20). Equivalent Circuit For Ultra-Capacitor

Figure (3.20) shows the classical model for ultra-capacitor (UC) used as energy storage device in
this work mainly to provide the system by electrical energy when solar irradiance below
1000W/m2 and hence the power produced by PV system should be constant for different
weather condition during the day. The model consists of an ideal capacitor, equivalent series
resistance ESR and equivalent parallel resistance EPR.
1. ESR (Equivalent Series Resistance) is small and simulates heat losses and charge/discharge
voltage transient mutation in charging/discharging process.
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2. EPR (Equivalent Parallel Resistance) is a large resistance representing the current leakage
effect and impacts long-term energy storage with capacitor initial voltage charging of 300

volt .

3.13.1 Bi-Directional dc-dc Converter

The bidirectional dc-dc converter along with energy storage has become a promising option for
many power related systems, including hybrid vehicle [53] fuel cell vehicle, renewable energy
system and so forth. It not only reduces the cost and improves efficiency, but also improves the
performance of the system. In renewable-energy applications, the multiple-input bidirectional
dc-dc converter can be used to combine different types of energy sources. In photovoltaic system
applications, an auxiliary energy storage like an ultra-capacitor is been used. With its ability to
reverse the direction of the current flow, and thereby power, the bidirectional dc-dc converters
are being increasingly used to achieve power transfer between two dc power sources in either
direction. Most of the existing bidirectional dc-dc converters fall into the generic circuit
structure which is characterized by a current fed or voltage fed on one side [53]. Based on the
placement of the auxiliary energy storage, the bidirectional dc-dc converter can be categorized
into buck and boost type. The buck type is to have energy storage placed on the high-voltage
side, and the boost type is to have it placed on the low-voltage side. Figure (3.21) represents the

implementation of a bid- irectional DC/DC converter with ultra-capacitor storage device.
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Fig( 3.21) Implementation Of a bi-Directional DC/DC Converter

3.14 DC - AC INVERTERS

The voltage inverters (DC-AC) is used to convert the direct current (DC), from the solar cells to
the frequency (AC) to feed it the loads, so choose the voltage converter that fits the system,
because of the primary role it plays. When designing a complete PV inverter, one must choose
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between single phase and three phase inverters. Single phase inverters are often favoured by
power ratings below circa 5-6 kW, and subsequently three-phase above this rating [54,62].

Based on their operation the inverters can be broadly classified into:

1) Voltage Source Inverter (VSI).

2) Current Source Inverter (CSI).

1. Voltage Source Inverter (VSI).

A voltage source inverter is supplied by a DC voltage source, the DC source is usually an
AC/DC rectifier. There is a large capacitor used to keep the DC-link voltage stable. Usually, a
VSI has buck operation function. Its output voltage peak value is lower than the DC link
voltage. It is necessary to avoid a short circuit across the DC voltage source during the
operation. If a VVSI operates in bipolar mode, that is, the upper switch and lower switch in a leg
work to provide a PWM output waveform, the control circuit and interface have to be designed
to leave small gaps between switching signals to the upper switch and lower switch in the same
leg. [63,64].

2. Current Source Inverter (CSI).

A current source inverter is supplied by a DC current source. the DC current source is usually an
AC/DC rectifier with a large inductor to keep the supplying current stable. Usually. Its output
voltage peak value is higher than the DC link voltage.

Since the source is a DC current source, it is necessary to avoid open circuit of the inverter
during operation. The control circuit and interface have to be designed for small overlaps

between switching signals to the upper switches and lower switches at least in one leg. [64].

3.15 SIZING OF PV GRID CONNECTED SYSTEM PROCEDURE

Sizing PV grid-connected system is a relatively simple procedure compared with standalone
system because the system is connected to the national grid. So if the PV array produces more
energy than the loads need, the extra energy can be delivered to utility grid, in the case of PV
array cannot meet the loads demand, utility grid will provide electricity for the loads[65-67].
Therefore battery bank is not necessary for grid connected systems. The sizing of PV grid-
connected system involves site weather conditions, loads analysis, module and inverter selection.
The PV system proposed in this thesis is to fed certain ratio of the total energy consumption in
the clinic and planned to cover essential loads represents in emergency site and other some
important loads during daylight period.
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3.15.1 PV Array Sizing

Photovoltaic (PV) modules are sized using wattage determined under Standard Test Conditions
(STC). This is the manufacturer’s specified nameplate wattage and represents in module output
measured under very controlled factory conditions. Specifically, STC are 1000 W/m? (solar
irradiance) and 25°C (module temperature) [58]. The sizing criteria for PV module are based
manufacturer’s data, system DC voltage and orientation which is represented in optimum tilt
angle in the selected site. Three items need to be addressed when sizing a PV array and they are

as follows[68].

A) Module Selection

Module selection is based on the specifications provided by the manufacture. Specifications
such as performance, physical size and cost must be compared between different modules before
the decision on which module(s) to use is made. In this work, mono crystalline solar module has
been selected for PV system sizing because of a higher efficiency, more available than poly
silicon solar cells and more space-efficient, i.e. they yields highest power output and the least

amount of space than the polycrystalline[38].
B) Number of Modules

The number of modules connected in series (this is called a string) determined by dividing the
designed system voltage with the nominal module voltage that occurs at lower temperatures. The
number of modules in series , N, is calculated by:
Ns =Vpc/Vm (3.19)
Where ;
Ns : Number of modules connected in a string.
Vpc : The selected DC bus voltage (volt).
V., : The module voltage for operating conditions.

The number of modules in parallel, N,, is determined by dividing the designed array output

(W,) by the selected module output (W) and the number of string.

Aom = Ng* P * t (3.21)
Where;

N, : Number of strings required in parallel.

E. : Average daily load energy (Wh/d).

Aom : Average daily energy generated from the string (kWh).
Pm : Maximum power under standard condition (Watt).

t : Equivalent hours of PV operation (hour).
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3.15.2 Selecting the Inverter

An inverter is used in order to change the direct current (DC) generated by the solar panels to
alternating current (AC) for the loads. Selection for grid-connected solar PV systems is a very
important step because of the role the inverter plays in the whole system as the main connecter to
the utility grid. Inverters have to be sized such that to handle the expected power level, and be
compatible with the specifications on the grid side. Most inverters now days have at least one
Maximum Peak Power Tracking (MPPT) output. The MPPT applies the proper resistance to find
the optimal maximum power point. With a MPPT the panel can operate at the optimal working
range. Since the power requirements of the inverter is driven by the load demand, the inverter
must be chosen so that it can meet the maximum load demand and still remains efficient at the
level it will be used the most . The following points should be addressed when choosing an
inverter [64,69].

1- The input voltage of the inverter must be rated to handle the full range of the power
conditioning. A sensing circuit is useful to prevent damage when operation of the inverter is

below or beyond its optimal operation points .

2- The inverter should be rated at least 20% more than the maximum power requirement of the

load to ensure that it can deliver this power for an extended time .

3- It may be useful to choose more than one inverter for an application with variable loads in
order to have the inverter operating at its maximum efficiency for a range of power
requirements. Multiple units connected in parallel to service the same load must be

compatible and their frequency must be inter-regulated to be in phase .

4- The output alternating current of the inverter must be sine wave current with a voltage of

380V, 50Hz to facilitate synchronization with the grid.

Since in this design we have 400 module connected to inverter. From table (3.2), the inverter
input voltage Vmin = 200V, Vnax = 1000V, so when chosen 410V as DC voltage panel output for
each string with module voltage of 41 V.

Therefore the number of modules in series = 410/41 = 10 and the number of parallel modules

= 400/10 = 40 modules for 10 strings and which is equal to 4 modules for each string.

The output power of a solar module is affected by the temperature of the solar cells.

This variation in power due to temperature is also reflected in a variation in the open circuit

voltage and maximum power point voltage.
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With the odd exception grid interactive inverters include

B Maximum Power Point (MPP) trackers .

B Many of the inverters available will have a voltage operating window.

When the temperature is at a maximum then the Maximum Power Point (MPP) voltage (Vp) of
the array should never fall below the minimum operating voltage of the inverter. It is assumed
that maximum effective cell temperature of 70°C is used. The module selected has a rated MPP
voltage of 41.0 V and a voltage (Vmp) coefficient of 0.133V/°C. And with the effective cell
temperature of 70°C is 45°C above the STC temperature by 25°C .

Therefore the Vi voltage would be reduced by 45 x 0.133 = 5.985V. The Vyy,, at 70°C would
be (41 - 5.985 = 35.015V). And by Assuming a maximum voltage drop in the cables of 3%
then the voltage at the inverter for each module would be (0.97 x 35.015 = 33.965V ) .

This is the effective minimum MPP voltage input at the inverter for each module in the array .
The minimum voltage window for an inverter is 315V, with recommended that a safety margin
of 10 % is used. Therefore, minimum inverter voltage of 1.1 x 315V = 346.5V should be used .
The minimum number of series modules in a string is = 346.5/33.965 = 10.2 rounded to 10
modules [53].

At the coldest daytime temperature of the open circuit voltage of the array shall never be greater
than the maximum allowed input voltage for the inverter.

Therefore the lowest daytime temperature for the area where the system is installed shall be used
to determine the maximum V. .

By considering the minimum effective cell temperature is 15°C, with the open circuit voltage
(Vo) 0of 48.6 V and a voltage (Voc) co-efficient of -0.14V /°C.

An effective cell temperature of 15°C is 10° below the STC temperature of 25°C. Therefore the
Ve Voltage would be increased by 10 x 0.14 = 1.4V.

The Vo at 15°C would be 48.6 + 1.4 = 50V.

According to used inverter specifications, the input maximum voltage allowed is 1000V .

The maximum number of modules in series is = 1000 / 50 = 20 modules.

Ten inverters from Technical data technology are selected for system sizing. The nominal AC
power of the selected inverter is 10 kW «3-phase with maximum power point tracker (MPPT)
built in and have maximum efficiency of between 98% and 98.3%.
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3.16 SYSTEM SPECIFICATIONS

The designed system size and specifications are provided for the 88 kW ( tables 3.2) power plant

are as follows :
TABLES 3.2: PV Power Plant Specifications At 25° C, 1000 w/m?

Solar photovoltaic power plant specifications at stc

Plant capacity 88 KW
Voltage output 410V
Current output 2148 A
No of modules 400
Available area 650 m2
Solar panel specifications

Type mono-crystalline
Rated power 220W
Rated Voltage (Vmpp) 41.0vV
Rated Current (Impp) 5.37A
Efficiency 17.7%
Temperature 25degc
Module Area 1.244m2

Grid specifications
Number of phases 3-phases
Voltage rating 380 volts
Frequency 50 Hz

Inverter specifications

Type — Technical data RPI-M10A
Input DC Voltage Range 200-1000V
MPPT Voltage Range 415-800V
Nominal DC Voltage 600V
Total Input Current 25 A
DC Disconnection Switch Yes (Inbuilt)
Rated Output Power 10.5 kVA
Max. Output Current 16 A
Nominal AC Voltage 3 Ph, 400 VV
AC Voltage Range 400 V + 20 % (320~480)
Nominal Frequency 50 Hz
Frequency Range 45 Hz - 55 Hz
Power Factor at Rated Power Unity
Harmonics <3% at Rated Power
Maximum Efficiency 98.30 %
Dimension (H/W/D) 445 x 510 x 177 mm
Range (Full Power -20°C to + 40°C)

The present technology consists of the string inverters and the ac module. The string inverter is
A reduced version of the centralized inverter, where a single string of PV modules is connected

to the inverter. The input voltage may be high enough to avoid voltage amplification.
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This configuration emerged on the PV market in 1995 with the purpose of improving the
drawbacks of central inverters, so this topology of connection is selected for this work with using
three operation inverters .  The rated power output for each PV module at STC is 220 W and
the planed PV power solar plant to cover the target loads by supplying energy during day period
with taking in account all system losses and performance ratio is 88 KW as well as shown from
PV system software simulation results. Therefore the number of PV modules required to install

mentioned PV power plant in the selected area can be calculated as follows :
NO.py modules = Ppv /Pmpp. (3.22)
NO.py = 88000/220 = 400 (3.23)

PV module from the above result, the system will consist of 400 modules distributed in 10
strings and connected in series-parallel combination, each string contains 40 modules. Figure

(3.22) shows the electrical layout of the overall system.
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Fig (3.22). PV Grid Connected System Configuration

Compared to central inverters, in this topology the PV strings are connected to separate inverters.
If the voltage level before the inverter is too low, a DC-DC converter can be used to boost it. For
this topology, each string has its own inverter and therefore the need for string diodes is

eliminated leading to total loss reduction of the system .
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The configuration allows individual MPPT for each string; hence the reliability of the system is
improved due to the fact that the system is no longer dependent on only one inverter compared to
the central inverter topology. The mismatch losses are also reduced, but not eliminated .This
configuration increases the overall efficiency when compared to the centralized converter, and it

will reduce the price, due to possibility for mass production [67, 68].
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CHAPTER FOUR
SIMULATION AND RESULTS

4.1 PV AND WIND GRID-CONNECTED SIMULATIONS

Using MATLAB / Simulink, a hybrid system consisting of a grid-connected wind and solar
power systems have been configured. In order to evaluate the performance of the two proposed
systems mentioned above and to verify the performance and stability of the model, the three-

phase and network-connected system was evaluated in two cases as an indicator of performance.

The first case is the response of the system in normal operation (steady state operation) and
the second case is variable (transient operation) according to a change in the wind speed of

turbines and a change in the intensity of radiation on the solar panels.

From the figure (4.1), the general model for the hybrid system connected to the grid shows that
the model is identical to the hybrid system and to produce the required power. The maximum
wind power in the wind power system is about 60 kW, and the maximum power rating for the

solar power system is about 88 kW, which is a total of about 148 kW.

DC Bus AC Bus

s

SPV

AC Load

) L

DC Load

W7 Grid

Fig (4.1). Overall simulink model of wind system interfaced with utility

4.2 PV AND WIND SYSTEM DESIGN

The grid-connected system model, which is a hybrid system consisting of solar and wind energy,
as shown in Figure (4.2), is designed to supply electrical energy from 10 to 100% of energy
demand for all loads associated with the load model in the event of a power outage in national
facilities.
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The wind generation potential is determined based on the average annual wind speed according
to the location, as well as the generation of solar panels in the availability of the required
conditions of radiation intensity and the required temperature, thank God, our country is rich
throughout the year. Most modern wind turbines produce energy in the range of 30-40%.
Additionally, wind and solar power should be available for a typical day.

The models of a DFIG wind farm shown in figure (4.3) and PV (photo voltage) system shown in

figure (4.4).

- . . A
it . |
=

1GWina Turbine

i

Fig (4.4) Model Of PV System With a Rating Of About 88 Kw

Since Phase Lock Loop (PLL) technique is used for the synchronization between PV system and
grid (distribution network) and the inverter topology should guarantee that the output current is a
high quality sinewave and in phase with grid voltage .

The resulted voltage and current at point of common coupling (PCC) should be in phase with

each other and this can be seen in figure (4.5).

400

Voltage (v}, Curenl (A)

.1 018 0.z o.z25

Fig (4.5). Voltage and Current at PCC during Normal Operation
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Figure (4.6) shows a three-phase voltage induced by a 3@ real sine wave inverter after the
winding process. The size of the inverter output voltage can be adjusted by adjusting the

modulation indicator to match the network voltage.

T T
X:0.03987
Y:300.3

VOLTAGE (V)

L
0.08 0.09

400 . . . . | . .
. 0.03 0.04 0.05 0.06 0.07
TIME (S)

Fig (4.6). Three Phase Voltage Inverter Output
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4.3 CASE STUDIES

To evaluate the performance of the modeling and simulation program of the wind and solar
system to verify the desired results of the proposed model. Two tests were performed in a
networked system and were found to be associated with several performance indicators:

1- System response under normal operation .

2- Change in wind speed, solar radiation.

4.3.1 CASE A: STEADY STATE OPERATION

It is through this thesis a preliminary stability study was conducted. During steady state, the
distributed generating units operate at their nominal point, providing power to the loads and the
grid. The photovoltaic system supplies power to the loads and the grid, and the super-capacitive
energy storage system is inactive, that is, neither charging nor discharging. It is evident that the

distributed generating units reach steady operating state after a short period of time.

4.3.1.1 Steady State Operation of Wind Turbine System

N [ | W i
wind II'_’ Qref pu |
.—|—= A i — A m—
WT_a i
WT b e S | |
@ " asrs g 1
WT c (575 V) DFIG Wind Tubine! L
Block Parameters: wind 2 60 KW Wind Farm
4x 15 kKW
Timer (mask) (link) o E :

Generates a signal changing at specified times.

If a signal value is not specified at time zero, the output is kept
at 0 until the first specified transition time.

m

Parameters
Time (s):

[0 5 10 15]
Amplitude:

[15 15 15 15]

-

| oK || Cancel || Help || Apply |

Fig (4.7). Block Parameters Wind Turbine At Stady Stat

At steady state figure (4.7), the distributed generation unit is operating at it is nominal point, and
supply power to the loads. Figure (4.8) shows voltage simulation result at DC Link when the

system operates at average normal wind speed by magnitude of 15 m/s at time between Os to 10s
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at the beginning of the operating condition the voltage is unstable which known transient
situation after that the voltage is stable at 1000 volt DC.

1100

DC-LINK (V)

1050 —

1000 T\,

950 —

900 -

DC-LINK VOLTAGE SYSTEM (V)

850 - *

800

TIME (S)

Fig (4.8). DC Link Voltage Wind Turbine System (Vdc steady state = 1000 volts)

In figures (4.9), (4.10). after short period of time in the beginning of the operation, the pitch
angle controller was stable, as a result, the pitch angle set at 6.528 deg, therefore the rotor speed

was stable Almost at 1.177 pu.

WIND TURBINE PITCH ANGLE (deg)
I
|

TIME (S)

Fig (4.9). Wind Turbine Pitch Angle (deg)
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GENERATOR SPEED (PU)

09

0.8
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05
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—— SPEED (PU)

X:5.001
Y: 1477

TIME ()

Fig (4.10). Generator Speed (pu)

In figure (4.11), the AC active and reactive power injected into the grid side at point of common

coupling. From the figure it is observed that the AC power reaches its nominal value after short

period of time and then remain stable at constant value at the steady state operation.

ACTIVE AND REACTIVE POWER (W,Var)

x10°

—active (P)
——reactive (Q)

X:5.02
Y:6.197e+04

TIME (S)

Fig (4.11). Active And Reactive Power Generated By Wind System To The Utility Side (W,Var).

From the figure (4.12) it's observed that the active and reactive power of the loads reach their

nominal values after short period of the time and then kept stable at constant values in case of

steady state operation .
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Fig (4.12) Active and Reactive Power (W, Var) (a) Load 1, (b) Load 2
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4.3.1.2 Steady State Operation of Photovoltage System

e
") @ PP T_P&0
Ls ¥
= = [ 1. 1
+ B\
G B
Vv T
v :
P Gainl
Block Parameters: Solar [ = |
Timer (mask) (link) ﬂ
Generates a signal changing at specified times. Scape
If a signal value is not specified at time zero, the output is kept at 0
until the first specified transition time.
pv
Parameters To Works pacet
Time (s):

[05 10 15 ]

Amplitude:
[1000 1000 1000 1000 ]

oK H Cancel H Help H Apply

Fig (4.13). Block Parameters Sole Plant At Stady Stat

In a steady state figure (4.13), the system operates at the nominal capacity to supply the loads.
Therefore, there is no charge or discharge to the capacitor. Figure (4.14) shows the result of
simulating the constant voltage of the system at the voltage distributor under standard operating
conditions at 410 V.

600 T T

| DC VOLTAGE (v) |
300 & X:5.04 §
¥ 410.3

400 -H-—mu-—-!nmm

300 -

200 .

100

COMMON DC-BUS VOLTAGE [W)

TIME (S)
Fig (4.14). Constant Voltage At Stable Voltage Distributor

Since the capacitor was used as an energy storage element in the system to carry out the charging
and discharging operations, meaning that the charging process takes place when the radiation

rate exceeds 1000 watts / m2 and the discharge process is done when the opposite is done, which
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results in the generation of constant electrical power during daylight hours, and the capacitor also
has a role in stabilizing System work. Figure (4.15) shows the continuous power produced by the

system at steady state.

<104

10

o -

X: 5.005
8 7 Y: 8.748e+04 —

POWER (W)
a
l

TIME (W)

Fig (4.15). The Persistent Power Resulting By The Solar System

=~ 104

6 -

UC-ENERGY STORGE SYS GENERATION (W)

TIME (S)

Fig (4.16). UC Energy Storage System Generation

From the previous result, it is noticed that the system acquires its nominal or design capacity
when it is commissioned after a short period of time. Figure (4.16) shows the alternating capacity
produced by the system to feed the loads, where from the figures (4.17) (4.18) (4.19) we note
that the system provides all loads with stable and reliable capacity without any interruption. Or
wiggle. There are two types of DC loads included

a) DC resistance as show figure (4.18).

b) DC motor as show figure (4.19).
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Fig (4.17).
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Fig (4.18). DC Load 1 Power(w)
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Fig (4.19). DC Load 2 Power(w)
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4.3.2 CASE B: TRANSIENT OPERATION

This scenario is to test the system when wind speed fluctuation and changes in solar irradiance

occurs.

4.3.2.1 Change in Wind Speed of the Turbine System

= [} wesis
wind lI'_. Qref
fpu
- L
.—l'w'r_s - 2 - —=|= mE
& —F 3 | .
WT b v vy u
& —alc "8 B BSTS %
WT o (575 V) DFIG Wind Turbinet
Block Parameters: wind 2 80 T:;": Tgnki-‘i;]rr

Timer {mask) (link)

Generates a signal changing at specified times.

If a signal value is not specified at time zero, the output is kept at 0
until the first specified transition time.

Farameters
Time (s):
[0 5 10 15]

Amplitude:
[15 10 15 15]

I OK H Cancel H Help I Apply

Fig (4.20). Block Parameters Wind Turbine At Transient
When the case is in transient as shown in figure (4.20). Then Simulation result in Figure (4.21),
At t=10s, the wind speed increased from 10 tol5 m/s, so the DC voltage was constant at its
nominal value (1000V). Hence, the DC voltages are stable at 1000 Vdc.

1100

1050 <‘ -
X:5.003
Y: 1000

1000 L}

950 [ —

DC-LINK WT SYSTEM (V)

900 — —

TIME (S)

Fig (4.21). DC-Link Voltage WT System (V)
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Simulation results in Figures (4.22), (4.23) and (4.24) noticed that at the beginning of the
runtime, a transient condition occurred, and after that, the pitch angle controller regulated the
pitch angle at 1.6 °, thus, the generated wind power system was about 215 kW and was the size
of the rotor speed is 1 pu.

At the time fromt=5sto t = 10 s, the wind speed increased from 10 to 15 m / s and stabilized at
a speed of 15 m/s, the control unit in the pitch angle regulated the angle of the pitch to 6.5
degrees with the stability of the wind energy generated 60 kilowatts and speed Rotor to 1.175 pu.
, So the DC voltage was constant at its nominal value (1000Vdc). Hence, the DC voltages are
stable at 1000 Vdc.

— PITCH ANGLE (deg)

X:5.022
Y: 6.468

WIND TURBINE PITCH ANGLE (deg)
o
T

TIME (S)

Fig (4.22). Wind Turbine Pitch Angle (deg)

—— ACTIVE P (W)
REACTIVE Q (Var)

X: 5.066
Y: 6e+04

WIND SYSTEM GENERATION (W,Var)
o
E

TIME (S)

Fig (4.23). Active (w) And Reactive (var) Power
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TIME (S)

Fig (4.24). Generation Speed (pu)

4.3.2.2 Change in Irradiance of Photovoltage System

At transient figure (4.25). From the Figure (4.26) show the continuous power produced by the
system as the resulting power increases during the period from (t=5-10 seconds) where the solar
irradiance changes from 1000 W/m? to 1200 W/m? At t=5s, and then at t=10s it changes again
from 1200 W/m? to 800 W/m?, and at t=10s it changes again from 800 W/m? to 1000 W/m?
During this period cell temperature is constant at 298 K. Figures (4.27) (4.28) demonstrated the
simulation results of the PV system. PV power generation increases with solar irradiance during
the period t=5s-10s and the UC energy storage system is charged using the extra power. PV

output generation decreases with solar irradiance during the period t=10s -15s and UC is

< E_Ip i TFFT_FEC
s — 'lr,—‘
Solar o L j—L
[ <) <
Ve T Vvl
: i
P
Block Parameters: Solar [ =
Timer (mask) (link)
Generates a signal changing at specified times. 1 |
Scope
If a signal value is not specified at time zero, the output is kept at 0 Scepsd
until the first specified transition time.
To Workspace1

Time (s):

[0 5 10 15 ]
Amplitude:

[1000 1200 800 1000 ]

OK | | Cancel | | Help Apply

Fig (4.25). Block Parameters Sole Plant At Transient

68



discharged to provide power for loads. During this period DC and AC loads are unaffected by

the PV power fluctuations because of the using UC energy storage in the system.

.
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X 6425
¥ 1.05%e+05

10 - =
Mo 2424
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POWER (i)

Fig (4.26). The Power Produced For The System During The Change Of The Rate Of Solar Radiation
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Fig (4.27). Common dc-Bus Voltage
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Fig (4.28). UC Energy Storage System Generation, Common DC-Bus Voltage
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Figure (4.29), shows the alternating power produced by the system injected into the electrical

loads during fluctuation of radiation rates.

2.5

ACTIVE P (W)
REACTIVE Q (Var)

X:10.6
Y: 8.732e+04 -

0.5 -

INJECTED AC SIDE POWER (W,Var)

-0.5

TIME (S)

Fig (4.29). Active And Reactive Power At PCC

The previous figure shows that the alternating power that is injected into the network in PCC to

be dispersed by the changes that occur in the side of the solar system in order to use the constant

voltage transformer with the technique of tracking the maximum power point, which in turn

maintains the value of the continuous voltage entering the AC voltage transformer during the

disturbances that occur to the system, including. The change in the rates of solar radiation,

which causes the system to produce a constant power as well as feeding the loads with a stable

alternating power without any disturbances mentioned as shown in figures (4.30)(4.31).
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Fig (4.30). DC Load-1 Power
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Fig (4.31). DC Load-2 Power
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CHAPTER FIVE

CONCLUSION AND FUTURE WORK

5.1 CONCLUSION

e The modeling of hybrid microgrid for power system configuration is done in
MATLAB/SIMULINK . The control mechanism of the system is used to maintain stable
operation under various loads and resource conditions.

e MPPT algorithm is used to harness maximum power from DC sources and to coordinate
the power exchange between DC and AC grid.

e The efficiency of the total system depends on the diminution of conversion losses.

e The hybrid grid can provide a reliable, high quality and more efficient power to
consumer.

e The thesis shows how the renewable sources are integrated to the grid and are able to
supply the power to the grid.

e The behavior of grid connected PV/Wind system under steady state operation has been
investigated. At steady state speed of 15m/s and radiation 1000 W/m?, the generation
units operate stably and provide power for the loads.

e The obtained results showed that the system responds very well in this situations.
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5.2 SCOPE OF FUTURE WORK

In this thesis ,there are still some improvements which need to be made and recommendations

for future research:-

a. Study and design a smart PV system that contains grid tied system with storage battery <where
the smart system can decide when it should feed the energy in grid or storage in battery or
connect the load home on the grid based on economic and technical consideration.

b. The control mechanism can be developed for a microgrid containing unbalanced and

nonlinear loads.
c. Studying the behaviors of the whole system during line fault .

d. A laboratory setup should be made to verify the simulation results with the experimental

tests. Further studies can still be done with hybrid system for research purposes .
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