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Abstract

Energy security and independence is one of the most growing concerns around the
globe, combined with the environmental impact of traditional energy sources,
renewable energy systems have become of great importance. Photovoltaic (PV) systems
are the most popular form of renewable energy, as price has become reasonable, and
deployment is scalable. However, in many schemes, Photovoltaic systems require
rechargeable batteries for energy storage. For Photovoltaic systems, an excessive
energy produced by solar cells during intense sunlight peak conditions could damage
the batteries. A battery charging controller is therefore used to maintain the suitable
charging voltage to the battery so that, as the input voltage from the PV module rises,
the charging controller regulates the process, thus, preventing any overcharging. For
fast charging, a Maximum Power Point Tracker (MPPT) is used to extract as much
power as possible from Photovoltaic modules. In recent years different Maximum
Power Point algorithms are developed for Photovoltaic systems to track the changing
irradiance and maintain operation point at maximum power. The aim of this thesis is to
design and simulate a Photovoltaic system with Maximum Power Point Tracker
combined with battery charging controller to charge the battery properly with Constant
Current-Constant Voltage (CC-CV) technique and to avoid charging problems. Also a
comparison between Perturb and Observe (P&O) and Particle Swarm Optimization
(PSO) algorithms is done under uniform and non-uniform solar irradiation to find the

MPPT algorithm that converges rapidly and obtain the best efficiency.

Keywords: Photovoltaic system (PV), Maximum Power Point Tracker (MPPT),

Perturb and Observe (P&O), Particle Swarm Optimization (PSO), Charging controller,
Constant Current-Constant VVoltage technique (CC-CV).
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General introduction

In the next years, the world is supposed to face several problems related to the
exhaustion of some energy sources, mainly those regarding fossil fuels. It is also well
known that issues concerned with the increase of oil price due to economic and political
matters have been the cause of economic crisis in the last decades. Therefore, the
search for renewable energy sources such as wind, solar and ocean becomes more and

more intense as a prominent alternative for the mitigation of the world energy crisis.

Photovoltaic power system is considered as the most remarkable energy source
among a variety of them because of the characteristic of ecofriendly nature, availability
of maintenance and is used in a wide range of fields and various applications such as
home electric power supply, military and aerospace parts, battery charging, street light
and electric car. However, the efficiency of Solar cell is not only lower than other
renewable energy, but also has a problem that the amount of electric power generated

by solar arrays changes continuously with weather conditions.

Moreover, the solar cell 1-V characteristic is nonlinear and varies with irradiation and
temperature. In general, there is a unique point on the I-V or P-V curve, called the
Maximum Power Point (MPP), at which the entire PV system operates with maximum
efficiency and produces its maximum output power. The location of the MPP is not
known, but can be located, either through calculation models or by search algorithms.
Therefore, Maximum Power Point Tracking (MPPT) techniques are needed to maintain

the PV array’s operating point at its MPP.

Partial shading is one of the environmental phenomena that affect the PV arrays and
it causes the emergence of multiple peaks in the output power curve and has a huge
impact on the efficiency of most of the conventional Maximum Power Point Tracking
methods. Thus it is necessary to research MPPT methods that can find the global
Maximum Power Point (GMPP) under complex situation.

In PV power generation system, the generated power and the load power requirement
are not equal. Hence necessity for storage element “battery” arises. Batteries of PV
system are subjected to frequent charging and discharging process. Therefore, charging

controller is needed to extend significantly the performance and life of the batteries.



The purpose of this project is to design a PV system with MPPT controller that tracks
the Maximum Power Point of the PV array and a battery charging controller that

charges the battery safely in short time.

This report is divided into three chapters; the first chapter presents an overview of the
Photovoltaic background. The second chapter describes the proposed PV system, after
that it provides a review of the literature on the Maximum Power Point Tracking
algorithms or methods (P&O and PSO) along with their functionalities, next battery
charging controller is presented and different charging techniques are briefly explained.
Chapter three presents the MATLAB/SIMULINK implementation of the PV system, it
also discusses and compares the MATLAB results for the proposed Maximum Power
Point Tracking algorithms and shows the behaviour and performance of each method in
terms of time convergence and available power under similar conditions of temperature
and irradiation. At the end of this chapter a battery charging controller with Constant
Current-Constant VVoltage technique is simulated and tested. Finally, a conclusion of the
thesis is presented. Moreover, potential research ideas for future work in this field are

proposed.



Chapter one:

Overview of Photovoltaic
system



Chapter one: Overview of Photovoltaic system.

1.1.Introduction:

PV systems usage is properly-identified and wide applied in power technologies.
Several implementations about to the current technology are evolved. The modelling
and simulation of Photovoltaic have made a great transition and form an important part
of power generation in this present age. The modelling of PV module generally

involves the approximation of the non-linear (I1-V/P-V) curves.

The overall performance of Photovoltaic is often stricken by radiation, module
temperature and array configurations which have a significant contribution to the
reduction of output power. The understanding of the shading impacts and their courting
among the output power of the PV array may be also very essential in an effort to find a

well overall performance of the PV system.

1.2.Photovoltaic physical construction:

Solar cells are the fundamental devices of a PV system, so to understand the working
principle of Photovoltaic system it is necessary to understand the basic operation and

the structure of solar cells.

1.2.1.Photovoltaic cell:

PV cell is a device which converts the light energy into electrical energy when light
is allowed to fall on this cell. The cell is designed that a large area is exposed to light
which enhances the voltage generation across the two terminals of the cell. It is
essentially consisting of a semiconductor p-n junction diode with a glass window on top
surface layer of p-type. The p-type material is made extremely thin so that incident light
photons may easily reach the p-n junction.

Silicon and Germanium are the widely used semiconductor materials for solar cells
although gallium arsenide, indium arsenide and cadmium arsenide are also being used

nowadays [1].

1.2.1.1. Working principle:

Solar cell or Photovoltaic cell shown in figure 1.1 works on the principle of

Photovoltaic effect.



Chapter one: Overview of Photovoltaic system.

In Photovoltaic effect when light reaches the p-n junction, the light photons can
easily enter in the junction, through very thin p-type layer. The light energy, in the form
of photons, supplies sufficient energy to the junction to create a number of electron-
hole pairs. The incident light breaks the thermal equilibrium condition of the junction.
The free electrons in the depletion region can quickly come to the n-type side of the
junction. Similarly, the holes in the depletion can quickly come to the p-type side of the
junction. Once, the newly created free electrons come to the n-type side, cannot further
cross the junction because of barrier potential of the junction. Similarly, the newly
created holes once come to the p-type side cannot further cross the junction because of

same barrier potential of the junction.

As the concentration of electrons becomes higher in one side “n-type side” and
concentration of holes becomes more in another side “the p-type side”, the p-n junction
will behave like a small battery cell. A voltage is set up which is known as photo
current. If we connect a small load across the junction, there will be a tiny current

flowing through it [2].

Electron Flow Photon Absorbed

D — in Depletion Zone

Electron-hole > Photon
Creation

Front Electrical Contact

Electron

N-Type

iy «— Depletion Zone
é «— Patype
Hole
~~_Back Electrical
o Electron-Hole Contact

Recombination
Figure 1.1: PV cell working principle. [2]

1.2.2.PV module and PV array:

A number of individual PV cells are interconnected together (series/parallel) in a
sealed, weather proof package called a Panel (Module) to increase their utility. To
achieve the desired voltage and current, Modules are wired in series and parallel into
what is called a PV Array. The flexibility of the modular PV system allows designers to

create solar power systems that can meet a wide variety of electrical needs.
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Figure 1.2: PV cell, module and array. [3]

1.3.PV modeling:

In order to predict the power extracted from the solar modules and to plot current-
voltage (I-V) characteristics curve, it is important to model the solar cell. The single-
diode model shown in figure 1.3 is one of the most commonly-used models; it consists
of photo-current source Iy, diode, series of resistor Ry (Rs=0 in ideal case) and shunt
resistor R, (Rp= o in ideal case).

R

AM—

— »
pv

|

Iph * ID % RP‘ ? VP"’

Figure 1.3: Single diode equivalent circuit. [4]

By applying the Kirchhoff law to the node of the circuit, the Photovoltaic current I,
produced by the module is obtained as:

Vpvt+IpyRs

Iy, =TI, —1Ip— R, (1.1)
The Ip diode current is given by the Shockley equation [5]:
Vou+IyyRe
Ip = Iolexp(q—7—) — 1] (1.2)
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Where:

Vv the output voltage (V).

lo: the saturation diode current (A).

v : the form factor which represents an index of the cell failing.
T.: the module temperature (K).

g: the electric charge (1.602*10e-19C).

K: the Boltzmann’s constant (1.381*10e-23K).

By substituting (1.2) in (1.1), the following equation is obtained as [5]:

Vpy+IpyRs ) 1] ,,,,+1,,,,R

Ly, =Ipp—Ip [exp (q KT, (1.3)

Equation (1.3) represents the 1-V characteristic curve equation of a solar cell.

Since the output voltage and current obtained from the single unit of the cell is very
small, a PV module is used instead of it.

The output current-voltage characteristic of a PV panel is expressed by equation
(1.4), where n, and ns are the number of solar cells in parallel and series respectively.

V,,,,+1,,,,Rs) _ ] _ VpytIpuRsns
YKTcng

Ipv = nP[Iph —Ip [exp (q ] (1.4)

ans
1.4.1-V and P-V characteristics of PV device:

Equation (1.4) shows that the relation between output voltage and current of PV
panels is not linear. The output voltage and current of PV panels are dependent on solar

irradiation and ambient temperature, which are naturally variable.

1.4.1.1-V and P-V characteristics of PV cell:

Figure 1.4 shows the 1-V and P-V characteristics of a typical silicon PV cell

operating under normal conditions.
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Figure 1.4: I-V and P-V characteristics of a PV cell. [6]
e Solar array parameters:

-Open-circuit voltage (Voc): It is the maximum voltage that the array provides

when the terminals are not connected to any load (an open circuit condition). This
value is much higher than maximum PV output voltage (Vmpp) Which relates to the
operation of the PV array which is fixed by the load. This value depends upon the

number of PV panels connected together in series.

-Short-circuit current (Isc): The maximum current provided by the PV array

when the output connectors are shorted together (a short circuit condition). This
value is much higher than maximum PV output current (Impp) Which relates to the

normal operating circuit current.

-Maximum Power Point (MPP): This relates to the point where the power

supplied by the array that is connected to the load (batteries, inverters) is at its
maximum value. The Maximum Power Point of a Photovoltaic array is measured
in Watts (W) or peak Watts (Wp).

-Fill Factor (FF): It is the relationship between the maximum power that the

array can actually provide under normal operating conditions and the product of
the open-circuit voltage times the short-circuit current, (Voc*lsc) This Fill Factor
value gives an idea of the quality of the array and the closer the Fill Factor isto 1
(unity), the more power the array can provide. Typical values are between 0.7 and
0.8.
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-Percent efficiency (%eff): The efficiency of a Photovoltaic array is the ratio

between the maximum electrical power that the array can produce compared to the
amount of solar irradiance hitting the array. The efficiency of a typical solar array
is normally low at around 10-12% depending on the type of cells (monocrystalline,
polycrystalline, amorphous or thin film) being used [7].

1.4.2.1-V characteristics of PV module:
As it is mentioned before, in order to increase the output efficiency a different
combination of cells is used. There are three possible ways of combining the PV cells.
1.4.2.1. Series combination of PV cells:

If more than two cells are connected in series with each other, then the output current

of the module remains same, and its voltage becomes double (See figure 1.5).

A
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Voltage in volts

Figure 1.5: Connection of PV cells in series. [8]
1.4.2.2. Parallel combination of PV cells:

In the parallel combination of the cells, the voltage remains same, and the magnitude

of current becomes double (See figure 1.6).
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Figure 1.6: Connection of PV cells in parallel. [8]
1.4.2.3. Series-Parallel combination of PV cells:

In the series-parallel combination of cells the magnitude of both voltage and current
increases. (See figure 1.7). Thereby, the solar panels are made by using the series-

parallel combination of the cells [8].
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Figure 1.7: Connection of PV cells in series and parallel. [8]

1.4.3. Temperature and irradiance effect on |-V characteristic:

There are various ambient conditions that affect the output of a PV power system.
These factors should be taken into consideration. Temperature and irradiance are
parameters that have great influence on the behaviour of a PV system, as they modify
system efficiency and output energy.
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It is evident that the temperature has a significant effect on the open-circuit voltage

value, while it has a negligible effect on short-circuit current value. On the other hand,

the irradiance value has a direct effect on the short-circuit current of the cell while

negligible effect on the open circuit voltage value.

Figure 1.8 and 1.9 shows the effect of temperature and irradiance on I-V and P-V

characteristic.
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Figure 1.8: Temperature and irradiance effect on I-V characteristic. [9]
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Figure 1.9: Temperature and irradiance effect on P-V characteristic. [9]
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From figure 1.8 it is observed that with the increase in temperature the voltage
decreases and with the increase in solar irradiance the current increases. And from
figure 1.9 it is clear that the output power of PV’s is directly proportional with the
amount of solar irradiance falling on it, and inversely proportional with its temperature.
It also shows that the Maximum Power Point changes with the change of temperature

and solar irradiance [4].

1.4.4.Photovoltaic I-V characteristic with resistive load:

The operating characteristic of a PV module consists of two main regions; the
voltage source region and current source region. The voltage source region is located at
the right of the I-V curve and the internal impedance of the solar module in this region
is low. Where the current source region is located on the left of the 1-V curve and the

internal impedance in this region is high.

g Isc
= lmppr === === ——— ——— o ——————

QOutput Curren
\
A

Output Voltage (v)
Figure 1.10: Location of operating point of PV module. [10]

When a fixed resistive load (R) is connected directly to the PV module’s terminals,
the operating point is determined by the intersection of the solar module |-V
characteristic with the 1-V characteristic of the load. As shown in figure 1.10 the
characteristic of the resistive load is a straight line with a slope, I/V =1/R. Additionally,
the power delivered to the load depends only on the resistance value. If the load
resistance is small, the module operates in the current source region (MN) of the curve,
almost near to the short circuit current. Alternatively, if the load resistance is large, the
module operates on the voltage source region (PS) of the curve, almost near to the open
circuit voltage. If the load line crosses the point A which is the Maximum Power Point

11
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(MPP), then the maximum power can be transferred to this load [10]. The value of this

load resistant would be given by [11]:

%
Rypp = 2% (1.5)

1.5. Partial shading effect:

Because of large surface that PV system covers, PV modules are not always viable to
have steady lighting whole of the time and they can have different irradiance level as a
result of shadows caused by trees, high buildings, weather change, presence of clouds
and every day sun angle changing.

Figure 1.11 shows PV system under partial shading caused by trees.

Figure 1.11: PV system under partial shading. [12]

In a PV module the shading does not decrease the power only however it leads into
current mismatch within a PV series string and voltage mismatch among parallel

strings.

A cell can be treated as a combination of a current generator connected with a diode.
The photo-current flows in the invert leading of the diode, which means that if one cell
is partially shaded, it will product minimal current than the other cells in the string, and
the else cells will seek to supply extra current during the bad cell than the poor cell
deliver. However, this is not possible ago then the cell works as a diode in the invert
trend. Then the current produced in the poor cell will border the current in the string
[12]. The shaded cells then operate with a reverse bias voltage to provide the same

current as the remaining cells. However, the resulting reverse power polarity leads to

12
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power consumption and a reduction in the maximum output power of the partially-
shaded PV module which causes a hot spot to appear on them and creating an open
circuit in the entire PV module. In order to avoid power damage and hot spot trouble in
the panel during the partial shading a bypass diode is connected in parallel with each
PV module [13].

e Bypass diodes:

Bypass diodes are quite similar to the diodes that are used in the solar cells where the
bypass diodes allow greater amount of current to pass through them with a very little
amount of losses in them. In general, as it is shown in figure 1.12 bypass diodes are
arranged in reverse bias between the positive and negative output terminals of the solar

module and have no effect on its output [14].

1 It=Ia+ I

e

Blocking -
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Figure 1.12: Bypass and blocking diodes in a PV system. [14]

Under normal operation, the bypass diode will be reverse biased and will effectively
be an open circuit. However, when the module is partially shaded the solar cells are
reverse biased due to a mismatch in short-circuit current between several series
connected cells, then the bypass diode conducts, thereby allowing the current from the
good solar modules to flow in the external circuit rather than forward biasing each good
cell. The maximum reverse bias across the poor cell is reduced to about a single diode
drop, thus limiting the current and preventing hot-spot heating and ensures the

efficiency of the PV system.
13
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Form figure 1.13 it can be seen that the characteristics of an array with bypass diodes
differ from the one without these diodes. Since the bypass diodes provide an alternate
current path, cells of a module no longer carry the same current when they are partially
shaded. Therefore, as it is shown in figure 1.14 the power-voltage curve develops
multiple maxima (global maxima which is the true MPP while others are local peaks).
Unfortunately presenting multiple maxima in the P-V characteristic is a crucial issue
and most of the conventional MPPT algorithms may not distinguish between the local

and global maxima [13].
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Figure 1.13: PV characteristic curves under partial shading with and
without bypass diodes. [13]
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Figure 1.14: PV characteristic curves for uniform and non-uniform
irradiation. [15]
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e Blocking diodes:

Blocking diodes shown in figure 1.12 are used to prevent the batteries from
being discharged through the PV cells at night when there is no sun available to
generate energy. These blocking diodes also protect the battery from short circuits. In a
solar power system consisting of more than one string connected in parallel, if a short
circuit occurs in one of the strings, the blocking diode prevents the other PV strings to

discharge through the short circuited string [14].

1.6.Types of PV systems:

Photovoltaic power systems are generally classified according to their functional and
operational requirements, their component configurations, and how the equipment is

connected to other power sources and electrical loads. The principal classifications are:

1.6.1.0ff-grid “stand alone” PV system:

An off-grid system (Figure 1.15) is not connected to the electricity grid and
therefore it may need battery storage. Off-grid solar systems must be designed
appropriately so that they will generate enough power throughout the year and have
enough battery capacity to meet the home’s requirements, even in the depths of
winter when there is generally much less sunlight. They are usually only needed in

more remote areas that are far from the electricity grid [16].

Figure 1.15: Off-grid PV system. [16]

1.6.2.Grid-tied PV system:

On-grid or grid-tie solar systems (Figure 1.16) are by far the most common and

widely used by homes and businesses. These systems do not need batteries and use

15
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common solar inverters and are connected to the public electricity grid. Any excess

solar power that is generated is exported to the electricity grid.

On-grid solar systems are not able to function or generate electricity during a
blackout due to safety reasons. Since blackouts usually occur when the electricity grid
is damaged,; if the solar inverter was still feeding electricity into a damaged grid it

would risk the safety of the people repairing the faults in the network [16].

Figure 1.16: Grid-tied PV system. [16]

1.6.3.Interactive PV system:

Modern interactive systems (Figure 1.17) combine solar and battery storage in one
and are now available in many different forms and configurations. Due to the
decreasing cost of battery storage, systems that are already connected to the
electricity grid can start taking advantage of battery storage as well. This means being
able to store solar energy that is generated during the day and using it at night. When
the stored energy is depleted, the grid is there as a back-up, allowing consumers to
have the best of both worlds. Interactive systems are also able to charge the batteries
using cheap off-peak electricity. Most interactive solar systems with battery storage
are able to automatically isolate from the grid (known as islanding) and continue to

supply some power during a blackout [16].
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Figure 1.17: Interactive PV system. [16]
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1.7.Conclusion:

In this chapter Photovoltaic system which is one of the most dynamically growing
energy technologies in the world today was introduced. Besides, working principle and
mathematical model of PV cells were presented and explained. Furthermore, the
problem of partial shading and climate changing were presented and their effect on the

PV array’s I-V and P-V characteristics curves was discussed as well.
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2.1.Introduction:

While the Photovoltaic panels may seem like a good source of electricity, they have
two major problems of low efficiency and intermittency. Their efficiency of
converting sun light into electric power is generally small, and the generated electric
power changes with weather conditions. Moreover, PV cell characteristics (I-V or V-
P) are nonlinear and change with insolation and temperature. To improve the
efficiency, it is desirable to operate the PV module at peak power point to deliver

maximum power.

In solar PV systems, the PV modules and batteries are the most expensive
components. When the batteries are directly connected to the PV modules, there is no
protection against overcharging and consequently, battery life-span decreases. To

protect batteries from overcharging, charge controller can be used.

In this chapter a PV system will be designed to abstract maximum power from solar
modules using different MPPT algorithms and efficiently charge battery with lesser
charging time.

2.2.PV system description:

The Photovoltaic system consists of interconnected components designed in a way to
achieve the specific target of delivering the desired electricity from a PV panel to the
battery. The major components of the designed PV system are Maximum Power Point

Tracker, charging controller and storage element (see figure 2.1).

Maximum Power Point Tracker is included in the system to achieve high efficiency
system performance and to increase the amount of energy extracted from the PV array
which decrease the charging time to the half. It consists of a switch-mode power-
converter inserted between the PV source and the load, and the duty ratio of the

converter is controlled by a control algorithm to enable tracking of the MPP.

Charging controller is used to charge the batteries safely following the proper charge
procedure, it regulates the voltage and current coming from the solar panels going to
the battery. Also, it protects the battery from overcharging.

18
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Figure 2.1: Block diagram of PV system.
2.3.Maximum Power Point Tracking:

The productivity of PV systems depends on the variables climatic conditions. So this
is why the Maximum Power Point Tracking system control becomes an integral
solution to maintain the maximum power production. The MPPT system is basically
inserted between the PV array and the load. As illustrated in figure 2.2 the MPPT
system consists of two essential components, a DC/DC switching power converter

along with an MPPT control algorithm.

In order to efficiently track the MPP, the converter needs to adjust the Duty cycle
under varying operating atmospheric conditions in order to match the PV array internal
impedance and the output impedance and transfer maximum power to the load. The
MPPT controller acquires the real-time operating parameters depending on the control
algorithm, and then outputs the corresponding control signal to control the DC/DC buck
boost converter [17, 18, and 19].
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PV array it other
converter K devices
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Figure 2.2: MPPT control system. [20]
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2.3.1.DC-DC Converter:

A DC-DC converter which interfaces between load and module is considered as the
main part of a MPPT system, it serves the purpose of transferring maximum power
from PV module to the load. By changing the Duty cycle (D), the load impedance as
seen by the source (Rip) is varied and matched at the point of the peak power with the

source so as to transfer the maximum power.

There are several topologies available for DC-DC converter, among them non-
inverting buck-boost converter. The non-inverting buck-boost converter is a cascaded
combination of a buck converter followed by a boost converter. Besides the
aforementioned buck-boost mode, wherein S; and S, have identical gate-control
signals, the non-inverting buck-boost converter also can operate in either buck or boost
mode; by operating the converter in buck mode when V; is higher than Vs, and in boost
mode when Vs is lower than V,, the buck-boost function is then realized [10].

Figure 2.3 shows the circuit topology of non-inverting Buck-Boost converter.

l, $1 5
—nmm
3 A :
| S
Vo i, Jﬁz C;: LOAD | V/,

Figure 2.3: Non-inverting buck-boost converter. [10]

The diode (d) is used to enhance the output filtering effect and prevent the switches
from absorbing or dissipating the inductive energy because this would lead to
overheating the switches. In addition, the capacitor at the output of the converter is used

to attenuate the output voltage fluctuation.

During the steady-state condition the relation between the input voltage Vs, the
output voltage V, and the duty ratio D of the converter can be defined by the following
equation [10]:
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Yo D 2.1)

Vo D
Vs  1-D

Also, the relation between the input current I, and output current lp is defined by the
following equation [10]:

Iy, = 1, (2.2)

From equation (2.1) the output voltage could be higher or lower than the input
voltage according to the value of the duty ratio. For the duty ratio condition D > 0.5, the
output is higher than the input and the converter starts operating in boost mode. If D <

0.5 the output is lower than the input and the converter starts operating in buck mode.

The value of the inductor and the capacitor used in non-inverting buck-boost
converter design are calculated by the following equations [10]:

D

C=——7F— 2.3
Rof 552 (23)
_ (1-D)%R,
The input impedance of the converter is given by equation (2.5) [11]:
1-D)?
Ry, = Ro( DZ) (2.5)

Where:

Ro: Output resistance or load resistance of the converter (Q).
AV o: Desired voltage ripple (V).
fs: Switching frequency (Hz).

2.3.2.MPPT algorithms:

Numerous MPPT algorithms have been proposed to track the maximum power of PV
panel. Even though these algorithms are proposed for the same purpose, they differ
tremendously regarding efficiency, tracking speed, steady-state oscillations,
complexity, hardware implementation, cost and track global MPP or not. Moreover,
each method may work effectively in certain conditions while not in others. MPPT

algorithms are classified into three groups:
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-Indirect methods: namely Fractional Short-Circuit Current (FSCC), Fractional
Open- Circuit Voltage (FOCV).

-Direct methods: such as Hill Climbing (HC), Perturb and Observe (P&O), and
Incremental Conductance (INC), Kalman Filter, Fuzzy Logic Control (FLC), Neural
Network (NN), and Partial Swarm Optimization (PSO) [21].

2.3.2.1. Perturb and Observe algorithm:

Perturb and Observe algorithm is a traditional and simple algorithm that widely used
in early time of MPPT application. As its name suggests, it works by introducing a
perturbation (offset) in the Duty cycle as shown in figure 2.4; it compares the current
value of the power calculated by multiplying the voltage and current of PV module
with the previous one. And then, according to the result of comparing the power, it
compares the current sampling value of the voltage with the previous value in the same

method and controls the Duty cycle to track the maximum power point.

\Z

Measure V(n), 1(n)
\4
Calculate P(n)
\Z

AV=V(n)-V(n-1)
AP=P(n)-P(n-1)

Yes

Decrease D Increase D Increase D Decrease D
\% N4 Vv Vv

Figure 2.4: Flowchart of P&O algorithm.
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Therefore, P&O algorithm uses the characteristic of the P-V curve as shown in figure
2.5. The initial operating point starts at the open-circuit voltage. When the operating
point is located on the right side of the Maximum Power Point and then the P-V curve
slope is negative, the Duty cycle is increased if AV is positive and it is decreased if AV
is negative. On the other hand, if the P-V curve slope is positive and the operating point
is located on the left side of the maximum power point, the Duty cycle is decreased if

AV is positive and it is increased if AV is negative [22].

the system
approaches tthPP

the system is far
from the MPP

Vmpp

\7
Figure 2.5: P&O schematic diagram. [23]

The amount of perturbation value ‘offset’ depends upon the nature of the algorithm.
It can be constant or varying. Pertaining to this fact, two further groups of P&O method
are available in the literature, namely fixed-step P&O and variable step P&O methods.

2.3.2.2. Particle Swarm Optimization:

Particle Swarm Optimization is a population based stochastic optimization technique
developed by Dr.Eberhart and Dr.Kennedy in 1995, inspired by social behaviour of bird
flocking or fish schooling. The system is initialized with a population of random
solutions and searches for optima by updating generations. In PSO, the potential
solutions called particles, fly through the problem space by following the current

optimum particles.

The PSO algorithm defines initial position of a random particle swarm which are
randomly distributed in the search space. After the algorithm starts, the particles update
their velocity and position and find the optimal position iteratively. During iteration,

each particle has a fitness value determined by an objective function, and a velocity
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which the particle uses to determine the flight direction and distance. Particles calculate
the direction and velocity of the next iteration based on the best position found by the
particle itself (Ppesii), Which is stored as individual best solution, and the best position in
the swarm (Gpest), Which is stored as the best global solution. These two extreme values
are constantly updated as each particle's velocity and position are updated, and

eventually stabilizing at the global extreme point [24].

In every iteration of the particle, the update formula of the velocity, position, Ppes

and Gyt Of each particle is [25]:

VETE = Wl + e171 (P — XE) + €272(Gliese — XE) (2.6)
Xt =xf+ vt (2.7)
Ppesti f(X;) = f(Py)
P i :{ esti L 4 2.8
bestt =1 X, f(X;) < F(PY) @8)
Gbesti = max{f(PbestO);f(Pbestl); e f(Pbestm)} (29)
i=1,2,3,.....m

Where:
m is the number of particles.
Xi and V; are the position and velocity of particle i,
k is the number of iterations.
w is the particle inertia weight.
c1 and c; are learning factors.

rand r, are random numbers between (0, 1).

In PV system, Particle Swarm Optimization is applied to the Maximum Power Point
Tracking control of PV system where the objective function is set to the output power
of PV array, also the sum of power of all modules. The position of the particle is set to
the operating voltage of the system and the speed of the particle is set to the system's
voltage increment. The current optimal value of the particle is set to the Maximum
Power Point voltage of each particle in the system. The optimal solution of the
population is set to the Maximum Power Point voltage of the system [26]. The concrete
steps of PSO applying to MPPT method of PV system are summarized in the flowchart
shown in figure 2.6 [25].

24



Chapter two: PV system components and design.

=

L
| Input system parameters | S=t wariabla limit valus |

| Initiate particle Spesed and Position |

!

Decide objective functicon, calculate total power of
pwv array

-

| Evaluate the fimess valuve of each particle |

‘

| ZSearch Pro: and Guen |

L
TUpdate the spead and position of paricls

¥

‘ Recalculate the total power of array . re-evalusate ‘

fitnaess walue of each particle Determine whether
update Ppest @and Spes

v

Check whather
condition satizfed

| Output optimal sohrtion |

Figure 2.6: MPPT control based on PSO algorithm. [25]

2.4.Storage element:

The energy output from the Solar PV systems is generally stored in a battery or in a
battery bank deepening upon the requirements of the system. Mostly batteries are used
in the stand-alone system and in the case of grid connected system batteries are used as

a backup system.

2.4.1.Battery types:

Battery is an energy storage device that consists of one or more electrochemical cells
that transform stored chemical energy into electrical energy; this chemical energy is

stored in its active materials through electrochemical reactions depending on the
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desired nominal battery voltage and capacity Cells, which are connected in series,

parallel or both. Batteries are generally classified into primary and secondary batteries.

Primary batteries are disposable batteries. They are built to be used only once and
then discarded or recycled, this is because the chemical reactions that take place within
primary batteries cannot be reversed, and the active materials do not go back to their

original forms.

Secondary batteries, also called rechargeable batteries, are built to be recharged and
reused many times. They usually include active materials that are assembled in a
discharged state. These batteries can be recharged upon the application of electric
current, which helps to reverse the chemical reactions that take place when the battery

is used. Secondary batteries are of significant interest for their ability to store and

supply energy [27].

2.4.2.Battery specifications:

- C-rate: the rate at which a battery can deliver or accept current, stated in terms of

the rated capacity of the cell in amp-hours.

-The State Of Charge (SOC): is a measurement of the amount of energy available in
a battery at a specific point in time expressed as a percentage (0% = empty, 100% =
full).

-Depth Of Discharge (DOD): a measure of how much energy has been withdrawn
from a battery, expressed as a percentage of full capacity. Depth Of discharge is the

reciprocal of State Of Charge.

-Efficiency: is the ratio of the charge extracted during discharge cycle to the amount

of charge stored during charge cycle.

-Self-discharge: the rate at which a battery discharges, or loses stored energy, due to

internal cell reactions.

-State of Health (SoH): a metric that reflects the general condition of a battery and its
ability to deliver the specified performance compared with a fresh battery. The unit of
SoH is percent points (100% = the battery conditions match the battery specifications).

It takes into account factors such as capacity, internal resistance, and self-discharge.
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-Lifetime: is the number of cycle charge/discharge the battery can sustain before

losing 20% of its nominal capacity [28].

2.4.3.Battery technologies:

Different technologies of batteries are manufactured today, each with specific design
for particular applications. Each battery technology or design has its individual
strengths and weaknesses. The selection of the suitable battery depends upon the
application and the designer. In most cases Lead-acid and Lithium-ion are the best

option for a solar panel system.

Lead-acid batteries are the most common batteries used in Photovoltaic system. This
is due to their wide availability in many sizes, low cost and well determined
performance characteristics. However, Lead-acid batteries have a relatively low cycle

life and they require frequent maintenance.

Lithium-ion batteries (li-ion) are one of the most popular types of rechargeable
batteries with one of the best energy-to-weight ratios, high open circuit voltage, low
self-discharge rate and no memory effect. They can operate over a wide temperature
range and have a long cycle life which makes them more suitable for PV system. One
of the disadvantages of li-ion is that they have a moderately high initial cost [28, 29].

2.5.Charging controller:

A charging controller or charging regulator limits the rate at which electric current is
added to from electric batteries. It prevents overcharging and may prevent against
overvoltage, which can reduce battery performance or lifespan, and may pose a safety

risk.

In simple words, the main function of the battery charging controller is to control the
battery charging from solar cell and also control the battery drain by load. The
Charging controller checks the battery whether it requires charging and starts charging
the battery in one of many battery charging algorithms. Whenever controller found that
the battery has reached the full charging voltage levels, it then stops the charging from

solar cell.

27



Chapter two: PV system components and design.

The charging controller is composed of two main components DC-DC boost
converter and battery charging algorithm. The DC-DC boost converter takes the role of
traditional charger by controlling the current level and DC voltage. The Duty cycle of
the converter switch is controlled by battery charging algorithms.

2.5.1.Boost converter:

Boost converter or step up converter has output voltage greater than input voltage
and output current is smaller than the input current. The circuit topology of the step-up

converter is illustrated in figure 2.7.
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Figure 2.7: Boost converter circuit. [10]

When the switch S is on, the diode d is reverse biased. Consequently, the current in
the inductor L rises linearly due to the input voltage source, and in this case the output
stage is isolated and the capacitor C is partially discharged supplying the current load.
When the switch is off during the second interval the diode is conducting, and during
this time the output stage receives energy from both the inductor and the input source.
When the converter is operating at steady-state condition, the duty ratio D can be
expressed by equation 2.10. [10]

D=1-+1 (2.10)

Where D denotes the duty ratio, V4 and Vo denotes the input and the output voltages
of the converter, respectively. From the above equation it can be seen that, the increase
in the duty ratio D will increase the value of the output voltage, Vo. In addition, the
change in the duty ratio results in change in the input and the output current of the
converter. The filter inductor and capacitor to operate the converter in the continuous
conduction mode can be calculated by the following equations [10]:

VgD
T 2AIf

(2.11)
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1
C=—"
AVofs

(2.12)

Where:
AI: Desired current ripple (A).
AV o: Desired voltage ripple (V).
fs: Switching frequency (Hz).

2.5.2.Battery charging techniques:

Proper battery charging techniques can significantly improve battery performance
and life cycles. Thus, several factors such as fast charging, good quality of charging
current and avoiding under and over charging are considered. Therefore, an appropriate

control technique for charging process should be adopted.

A number of techniques for charging batteries have been developed to meet the
“rules for proper charging”. Some of these techniques are known as the Constant-
Current technique (CC), Constant-Voltage technique (CV) and mixed Constant-Current
and Constant-Voltage technique (CC-CV).

2.5.2.1. Constant-Current charging (CC):

Constant-Current technique is the most conventional battery charging techniques. As
shown in figure 2.8 the battery current is kept constant while battery voltage increases
during charging until it reached the allowed value Vocy (rated voltage of the battery).
When the battery voltage has reached its final value, the charging controller disconnects
the battery from the converter to avoid overcharging and consequent battery failure.
One of the main disadvantages of CC charging techniques is the overcharging risk

which can occur when a high charging current is used.
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]

Voce f----
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Figure 2.8: Constant-Current charging technique. [28]
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2.5.2.2. Constant-Voltage charging (CV):

The charging characteristic curve of this technique is illustrated in figure 2.9. In this
method, the battery voltage remains constant while the battery current is decreasing and
eventually becomes very low. This initial current Ic temporarily increases the battery
temperature and can degrade the battery. When the current reaches a specific amount

Imin , the battery charging controller disconnects the battery from the charger circuit.

The main disadvantage of the CV charging methodology is the temperature rise
which can damage the battery. Another drawback of CV charging is the long charge

time due to the very low currents at the final stages of the charging.
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Figure 2.9: Constant-Voltage charging technique. [28]

2.5.2.3. Mixed Constant-Current and Constant-Voltage
charging (CC-CV):

The CC-CV charging technique utilizes both CC and CV charging. As shown in
figure 2.10 the charging is performed in 2 stages. In the first stage, the charger provides
constant charging current Ic until the battery’s voltage reaches a predetermined value
Voch. Then in the second stage, the current decreases until it reaches a specific amount
Imin. The battery charging controller disconnects the battery from the charger circuit

when the battery current reaches In;n.

Since the current is kept constant at the first charging stage, the current rush
disadvantage of CV charging technique is avoided. Also, since the voltage is kept
constant at the second stage, the overcharging disadvantage of CC charging is avoided.
These advantages of CC-CV charging technique make it perfect for applications for

high performance requirement [28, 30].
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Figure 2.10: CC-CV charging technique. [28]

The corresponding algorithm of CC-CV charging technique is shown in figure 2.11.

A

Measure Vyat, lbat

A 4

Battery charging

lref =1, Vet =0
CC=1, Cv=0

with CC technique

Yes

Battery charging

with CV technique
lref =0, Vier =1
CC=0,Cv=1

No

Figure 2.11: CC-CV battery charging technique flowchart.
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2.6.Conclusion:

This chapter has shown the different MPPT algorithms used to locate the Maximum
Power Point of the PV modules. Also, the main function of the charge controller has

been discussed and different techniques of proper battery charging has been presented.
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Chapter three: Simulation and results.

3.1.Introduction:

This chapter describes how the SIMULINK models of the proposed PV systems were
implemented to test and verify the functionality of the proposed MPPT algorithms and
battery charging controller. Two different PV systems were implemented in
MATLAB/SIMULINK environment. The first system was implemented with a resistive
load to evaluate the effectiveness and the advantages of the proposed P&O and PSO
algorithms. The second PV system was also simulated in MATLAB, but the resistive
load was replaced with a battery to demonstrate the feasibility and performance of the

proposed battery charging controller.

3.2.PV array characteristics:

To simulate the PV system described in chapter two a Xunlight XR36-300 PV

module was used. Specifications of the chosen module are shown in figure 3.1.

Module data Model parameters

Module: | Xunlight XR36-300 - Light-generated current 1L (A)
6.7045

Maximum Power (W) Cells per module (Mcell) Xiis

~ Diode saturation current 10 (A)
300 36

1.9382e-10
Open circuit voltage Voc (V) Short-circuit current Isc (A)

Diode ideality factor
a1 6.35

3.6458
Voltage at maximum power point Vmp (V)  Current at maximum power point Imp (A) Shunt resistance Rsh (ohms)
60 3 40.5556
Temperature coefficient of Voc (%/deg.C) Temperature coefficient of Isc (%/deq.C) Series resistance Rs (ohms)

-0.38 0.12101 2.2134

Figure 3.1: PV module specifications.

3.2.1.Under normal conditions:

Figure 3.2 and 3.3 represent SIMULINK model of single PV module and its

corresponding I-V and P-V characteristics curves under normal conditions.
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5=0.001s
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Voltage
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Figure 3.2: SIMULINK model of single PV module.
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Figure 3.3: I-V and P-V characteristics of single PV module.

Figure 3.4 and 3.5 show the model of three PV modules connected in series and its

corresponding I-V and P-V characteristics curves.
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Figure 3.4: SIMULINK model of three PV modules in series under uniform conditions.
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Figure 3.5: I-V and P-V characteristics of three PV modules in series.

As can be seen from the simulation results shown in figures 3.3 and 3.5, the voltage
and the maximum power of three modules under uniform irradiance are triple of the

ones of single PV module.

3.2.2.Under climate changing conditions:

3.2.2.1. Irradiance effect:

Figure 3.6 shows the effect of irradiance on I-V and P-V characteristics curves,

where the current increases with the increase of solar irradiance and vice versa.

Module type: Xunlight XR36-300

S- p 1 k‘.-".’.-'m2
E 67
o
S 4L
o 4 0.5 kWim?

5|

0.1 KW/m?
0 L L f f f | I —
0 10 20 30 40 50 60 70 80 90

Voltage (V)

0 10 20 30 40 50 60 70 80 20
Voltage (V)

Figure 3.6: Irradiance effect on |-V and P-V characteristics curves.
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3.2.2.2. Temperature effect:

As can be observed in figure 3.7 the voltage increases when

decreases.

400

Array type: Xunlight XR36-300;

the temperature

1 series modules; 1 parallel strings
T T T

90

90

10 20 30 40 50 60 70 80
Voltage (V)
T T T T T T T
S~ |
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45 °C
od L . L L L L L N
10 20 30 40 50 60 70 BO
Voltage (V)

Figure 3.7: Temperature effect on 1-V and P-V characteristics curves.

3.2.3.Under partial shading condition:

To show the effect of the non-uniform solar irradiance on the PV characteristic of the

PV modules, the model shown in figure 3.8 was simulated.
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Figure 3.8: SIMULINK model of three PV modules in series under non-uniform

conditions.
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The P-V characteristic curve shown in figure 3.9 develops multiple maxima when the
PV modules are partially shaded due to bypass diodes effect.

XY Plot

) 50 100 150 200 250 300
X Axis

Figure 3.9: P-V characteristic curve of PV modules under partial shading.
3.3.Maximum Power Point Tracker:

In order to extract the maximum power from the PV array that contains three PV
modules connected in series the SIMULINK model shown in figure 3.10 was simulated
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Figure 3.10: SIMULINK model of PV system with MPPT algorithm.

In this simulation P&O and PSO algorithms were tested, these algorithms are

responsible to generate the appropriate Duty cycle which is used to control buck-boost
converter switches.
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The parameters of the components used to model the non-inverting DC-DC buck-
boost converter were calculated using the equations mentioned before and they are
listed in table 3.1

Table 3.1: Buck-boost parameters.

Frequency Resistor Inductor Input capacitor | Output capacitor

5000 Hz 20 2 mH 1600 pF 100 pF

The simulations offer an opportunity to verify the performance of the proposed
algorithms. For evaluation and comparison analysis, the simulation studies were carried
out under steady-state and dynamic conditions for the proposed PSO and conventional
P&O algorithms, by configuring the simulations under exactly the same conditions.

In reality, the output power of a Photovoltaic cell is mainly influenced by ambient
temperature and solar irradiation, although the change in ambient temperature has a
slow influence on the PV cell and it is not directly related to the speed of dynamic
response. Therefore, the cell working temperature was fixed at 25 'C in all simulations.
However, in practice the irradiance is not always constant because of climate changing
and partial shading phenomenon which lead to a sudden change in the PV panel output
power. Consequently, the algorithm had to be tested under different irradiation levels to

verify the speed of tracking.

The PV array was expected to produce 900W with MPPT voltage and current of
180V and 5 A respectively at 1000 W/m? solar irradiance.

In order to study the performance of the algorithms under climate changing
conditions the irradiance signal was set as shown in figure 3.11.
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Figure 3.11: Irradiance and temperature signals.
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To test P&O and PSO algorithms under partial shading phenomenon the three PV
modules were set to constant temperature (25 °c) and different irradiance (irr 1=1000
W/m?, irr 2=600 W/m? and irr 3=200 W/m? ). The PV array was expected to produce
power of 400 W, voltage of 80 V and current of 5 A at the global maximum power

point.

3.3.1.Perturb and Observe algorithm simulation:

The conventional Perturb and Observe algorithm which was introduced in chapter
two was written as M-file code based on its algorithm in embedded MATLAB function.
The initial values of the P&O parameters were defined in table 3.2.

Table 3.2: Initializing P&O parameters.

Dinit Dmax Dmin Ddelta
0.6 0.8 0.1 0.01

The simulation results of the PV system presented in figure 3.10 with MPPT P&O

algorithm under uniform conditions are shown in figures from 3.12 to 3.14.

Figure 3.12: Voltage waveform using P&0O Figure 3.13: Current waveform using P&O
under fixed irradiance. under fixed irradiance.

Figure 3.14: Power waveform using P&O under fixed irradiance.
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The simulation results show a good performance in tracking the maximum power
point. The P&O algorithm convergence time to the steady state is small; it takes only
0.05s to reach the MPP. However, the simulation results demonstrate small oscillation
in voltage, current and power waveforms during the steady-state. This is because the

P&O MPPT uses a fixed step-size to adjust the duty ratio.

The simulation of the model under varying irradiation levels (figure 3.11) gives the

results waveforms shown in figures from 3.15 to 3.17.

Figure 3.15: Voltage waveform using P&O Figure 3.16: Current waveform using P&O
under varying irradiance. under varying irradiance.

Figure 3.17: Power waveform using P&O under varying irradiance.

As seen from the results the simulated P&O algorithm can track the MPPT in each

change of irradiance.
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In the first change it can be seen that the P&O algorithm lost tracking and then restart

immediately to find the new MPP because the accumulated move of the operating point

is large.

Figures from 3.18 to 3.20 show the simulation results of the SIMULINK model when
the PV array is partially shaded.

T
T
@
=
3]

Figure 3.18: Voltage waveform using P&O Figure 3.19: Current waveform using P&O
under shaded condition. under shaded condition.

Figure 3.20: Power waveform using P&O under shaded condition.

From figure (3.18, 3.19 and 3.20) it can be seen that the P&O algorithm failed to
track the global MPP; though it converged to the first peak of figure 3.9.
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3.3.2.Particle Swarm Optimization simulation:

In this part P&O was replaced by PSO algorithm. It was simulated under uniform
conditions and partially shading condition.

Table 3.3: Initializing PSO parameters.

Number of . Initial duty o .
T Swarm size cycle Initial velocity Ppest Of D | Gpest OF D
15 3 [0.250.4 0.7] | [0.001 0.001 0.001] | [000] 0

The simulation results are shown in figures 3.21, 3.22 and 3.23.

Figure 3.21: Power waveform using PSO  Figure 3.22: Power waveform using PSO
under fixed irradiance. under varying irradiance.

Figure 3.23: Power waveform using PSO under shaded condition.

From the results PSO algorithm can successfully track the Maximum Power Point
under uniform conditions however the tracking speed is a little bit slow.
The PSO method can effectively avoid the local maximums and track the global

Maximum Power Point under partial shading condition.
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3.3.3.Comparison:

Table 3.4: Comparison of MPPT algorithms.

Uniform conditions Partial shading condition
P&O PSO P&O PSO
B 900 W 407.6 W
EXgaCted 899 W 897.2W 299.7W 404.5W
Efﬁé”iZch 99.89% 99.69% 73.53% 99.24%
Tracking 0.05s 055 0.017s 055
speed

From table 3.3 it can be noticed that P&O algorithm converges faster to the steady
state than PSO. However, under partial shading condition the P&O failed to track the

global Maximum Power Point while the PSO algorithm did successfully.

Also the previous results confirm that PSO algorithm can effectively track the MPP
under varying irradiance whatever the amount of irradiation change was compared to
P&O.

4.1.PV system with battery charging controller:

The complete simulation model of the system consists of some masked blocks
connected together as shown in Figure 3.24. The simulation was conducted by
connecting a PV model, through a charging controller, to battery. Also, a MPPT control
unit was included. The system was simulated to verify the functionality and

performance of the proposed CC-CV charging method with P&O MPPT controller.

Figure 3.24: SIMULINK model of PV battery charging system with MPPT.
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The SIMULINK models of the PV array and the MPPT controller are the same as

simulated in the previous section. The battery used is a lithium-ion 24V 100Ah.

The characteristics of the simulated battery are shown in table 3.4.

Table 3.5: Battery characteristics.

Nominal Charge Charge I Rated Internal | Cut-off
Voltage | Voltage Voey | current Ic MIN" | capacity | resistance | voltage
25.6 'V 29.2V 50 A 5A 100 Ah | 0.0048 Q 36V

The SIMULINK block of the charging controller is illustrated in figure 3.25.
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Load Cut Off

BOOST POWER CONVERTER
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Figure 3.25: The SIMULINK model of the charging controller.
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Figure 3.26: SIMULINK model of CC-CV controller.
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Figure 3.26 shows the SIMULINK model of CC-CV controller.

Figures from 3.27 to 3.29 show the battery SOC, current and voltage during the

charging process.

Figure 3.27: State Of Charge. Figure 3.28: Battery charging current.

Figure 3.29: Battery charging voltage.

As can be seen from the results the battery first starts charging by CC charging
technique. Where it charges with charging current Ic (50A). In this step of charging, the
panel is working at MPPT and is supplying charging current to battery until battery
voltage reaches maximum value of overcharging voltage, defined by Vocn (29.2V). In
this stage of charging battery has charge 70% SOC but there is still charging require to
reach SOC 100%. So, the CC-CV algorithm switched to CV charging technique
through the selector.
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In CV charging stage, the output voltage of boost converter is regulated around
Voch. That is achieved by sensing output voltage of the converter and comparing it
with Vocy. In this region battery keeps charging until current of battery falls below Iy,
(5A) and voltage stays in the value of Vocu. In this region battery charges up to 98% of
SOC. To protect the battery from over charging the algorithm activates SD signal to

disconnect the battery from the PV array.

The battery takes only 5.5 hours to fully charge (CC stage: 2.10h, CV stage: 3.40h)

due to CC-CV charge technique and Maximum Power Point Tracking.

4.2.Conclusion:

The simulations offered a valuable opportunity to verify the feasibility and the
performance of the proposed PV system. For evaluation and comparison analysis, the
simulation studies were carried out under exactly the same conditions for the proposed
PSO and conventional P&O. the result proved that the P&O is better than PSO under
normal conditions. However, under partial shading condition PSO is more efficient
since it converged to the global Maximum Power Point while P&O did not.

Also, the battery charging controller CC-CV technique based has been tested and the
results showed a satisfactorily performance.
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General conclusion

In this research, a Photovoltaic system is presented to charge a battery. The main
focuses of this research were how to improve the total system efficiency by
implementing an efficient MPPT technique to extract the maximum available power
from PV panels under changing atmospheric conditions. Also enhance the charging
time of the battery and assure safe and complete battery charging process in order to

increase the life span of the battery.

The two proposed MPPT algorithms P&O and PSO are simulated and tested using
MATLAB/SIMULINK. The performances of the two algorithms were compared under
changing irradiation levels and partial shading condition. The comparative study
considers three important features: the Maximum Power Point Tracking speed, steady-
state oscillation and global maximum power point. The simulation results showed that
the P&O was more efficient compared with PSO algorithm under uniform irradiation.
However, under non uniform irradiation it failed to track the global MPP while the PSO
did successfully.

The charging controller is added to the system in order to charge the battery faster
and protect it from over charging. The CC-CV charging technique was simulated and
the result was presented in order to show the performance and the functionality of this

method.

The implementation part of the proposed PV system was supposed to be done but

due to CORONA virus pandemic it was cancelled.

Farther work of this project can be made by improving the algorithms to enhance the
stability and the fast tracking capability under different conditions. Another
improvement can be done by charging the battery with all four charging steps that are:
soft charging, Constant-Current charging, Constant-Voltage charging and float

charging. The system also can be developed to a complete standalone PV system.
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