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Abstract

Solar Energy is one of the most important renewable energy sources for generating
electricity. However, its production depends immensely on the weather conditions
of ambient temperature and irradiance. Therefore, there should be control tech-
niques to manage the operation of the solar PV to have it working at the point at
which it produces the maximum power. During the condition of partial shading the
current-voltage and power-voltage characteristics of photovoltaic PV exhibits mul-
tiple steps and multiple peaks respectively. The peaks are local maximum power
points (LMPPs) and global maximum power point (GMPP). Their are various
maximum power point technique among them is Perturb and Observe. This Tech-
nique is employed commonly because of its simple implementation and cheaper
in cost compared with other techniques. However this techniques has some prob-
lems during the condition of partial shading it can not differentiate between local
maximum power point and global maximum power point. The proposed Modified
Perturb and Observe Method will resolve the problems of conventional perturb
and observe method. This new method will detect the presence of partial shading
and it will show the location of GMPP and LMPP. The test bed system consists of
Photovoltaic system, modified Perturb and Observe method, boost converter that
is implemented in Matlab/simulink.The results have been compared with Ordinary
Perturb and Observe method in order to verify the correctness of the operation of
the proposed method. Results showed that, the new method successfully tracked
the maximum power point at normal conditions as well as shading conditions. Not
only it tracks the various conditions accurately but it also performs faster than
other methods. Therefore, the new method increased the efficiency significantly
and maximized the extracted energy of solar PV arrays. The proposed model is

effective and workable for MPPT during partial shading and non shading.
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Chapter 1

Introduction

1.1 Introduction

With the growth in world’s population, increase in energy demand is obvious. It
is expected that world primary energy demand will increase by 60% from 2002
to 2030, globally. Figure 1.1 shows the energy mix of Pakistan, which reflects
a dominant portion contributed by Hydel, Coal and Oil and less contribution of
renewable energy [1]. PV is considered one of the most important resources of
energy for future. By 2011, almost 30 GW of electricity had been produced by
PV solar cell globally. On the other hand, climate awareness has been one of the
most important factors to be concerned by all the world. Therefore, replacing the
fossil fuel i.e gas and coal by the clean energy like wind, tidal, hydro, and solar
energy becomes of the top interests. In addition to the clean and free pollution
energy, they are a permanent source of energy [2].

Researchers have been working in improving the design and manufacturing of the
components of these renewable energy in two paths. The first is the material design
of the component and the second in improving and optimization of the applications
of energy conversion. Researchers and engineers are working in enhancing the
material of the solar cell which is the smallest unit of the solar energy. Some

engineers are working on the application of energy conversion like power converters,
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Solar 3%

Wind 3%

FIGURE 1.1: Energy Mix of Pakistan for Electricity production [1]

inverters, and control techniques for maximizing the extracted power of the solar
panels. Solar energy can be utilized to supply standalone load without connected
to the main grid which is very important for the rural areas. such areas are located
far away of the transmission lines and has no mean to be fed by the utility grid. In
addition, solar energy can be designed to be grid connected in order to be source
to the grid. Solar energy power system has many components like solar panels,
converters, inverters, battery banks and etc. The following sections introduce all

of these components in details.

1.2 Background

Solar energy is one of the most common renewable energy sources. The main
component of solar energy is the solar cell as shown in Figure 1.2. Solar cell is
a device which converts the light energy into electrical energy. It composed of
photoelectric cell which is and characterized by electrical properties of current,
voltage, and resistance which can be changed by light. Its semiconductor material
has been energized by being subjected to light, yielding free electrons and holes.
Therefore, when it is wired with external circuit, it can produce electrical current

that circulates and feed a load [3].
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FIGURE 1.2: Shows Solar cell which Combine and form PV Module [2]

Solar cell material has a certain characteristic to be able to absorb the incoming
sunlight. Solar cells are designed for working in the earth which work on photoelec-
tric effects and convert light energy into electrical energy. They are manufactured
either in single layer (single junction) or in multiple layers of absorbing light mate-
rial (multiple junctions). At the beginning, these are made of crystalline of silicon
which is called wafer-based cells either in Monocrystalline or Polycrystalline. Af-
ter that, it has been made of Cadmium Telluride (CdTe), Amorphous silicon and
Copper Indium Gallium Selenide (CIGS) cells which are called thin film solar cell.
In addition, there are a third generation which are under research like organic
based material solar cell. More details will be discussed in the later section in this
chapter [4].

One solar cell can produce maximum 0.5 to 0.6 V as an open circuit voltage.
Therefore, it needs to be connected in group of cells to produce much amount of
voltage and current to be used in real applications. There are two topologies to
connect solar cells either in series to increase the summation of output voltage or
in parallel to largen the addition of current. Connecting solar cells in series and
in parallel forms is so called solar module. When solar modules are connected
in series and parallel, solar panels are formed. In the next sections, it will be

discussed in details to show how cells, modules, and panels are connected in series
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to produce a designed amount of current and voltage that is based on the load’s
needs [5].

The solar panels or arrays may work in one of two topologies either standalone
topology in which it supplies the load directly or by using a DC to DC converter
to satisfy the load requirements of current and voltage [6] [7]. It may also work
in grid connected topology, in which it is connected to the utility grid via DC
to AC-inverter in order to accommodate the needs of the grid of frequency and

voltage characteristics [8] [9] [10].

1.3 Motivation

As it has been mentioned above, two paths have been followed by researchers
to improve the performance and the efficiency of the solar energy-based systems.
The first is based on enhancing the material of which the solar cell is made. The
second path is the application wise by developing new topologies, control tech-
niques and new algorithms to optimize the operation of the solar panels in order
to maximize the extracted energy. In this research, the later path will be taken to
present some contribution in the scope of application of energy conversion of solar
energy. A complete solar energy generation system is mathematically modeled.
After that, the model has been simulated by using MATLAB Simulink to search
the performance parameter. The model includes a maximum power point tracking
technique and validated with other works to make sure its proper functionability.
In addition, different test cases have been considered including partial and fully

shaded conditions.

1.4 Basics of Solar PV

Solar photovoltaic converts the sunlight into electrical current by energizing the

solar cell material. In such a way, it yields holes and free electrons in the way of
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semiconductor material. The solar cells would have the ability of being affected
by the sunlight and its electrical characteristic of current, voltage, and resistance
are changed [11].

In order to take the usage of solar cell it should be :

(i)subjected to sunlight to absorb them and then convert them to electrical energy
(ii) Connected to external circuit to circulate and produce the current

(iii) Managed the operating point to maximize the extraction of energy by using

MPPTs

1.5 Components of PV (Generation System

The main component in photovoltaic system is the solar PV. There are three types
of PV’s based on their material, and other fundamental component are :

(i) PV Module

(ii) Inverter

(iii) Batteries

(iv) Charge controller

Some of them are shown in Figure 1.3 and Figure 1.4.

1.5.1 PV Module

PV modules is an assembly of photovoltiac(PV) cells to achieve a required Cur-
rent and Voltage. We can generate electricity directly from solar energy using
PV modules. Photovoltaic cells convert solar energy into DC supply. It is acted
through electronic process. Semiconductors are used in PV modules, which is
important part of PV modules. When sunlight falls on these modules, it creates

electric field across its layer and causes electricity to flow through electrical circuit.
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1.5.2 Crystalline Silicon PV (c-Si)

Two types of crystalline are used to produce PV module : single crystalline also
called monocrystalline silicon and multicrystalline also known as polycrystalline.
(i) Monocrystalline:

It has only single layer of light absorbing material made of silicon. Monocrystalline
cells structure is made of single crystal of silicon. Life span of these cells is 25 to
30 years. It is widely used because of its high efficiency i.e 24.4%. This type of
crystalline has higher efficiency than poly crystalline.

(ii) PolyCrystalline:

It has two or more layers of absorbing material made of silicon. Poly-crystalline
cells structure is made of multiple smaller crystals of silicon. It is slightly less ef-
ficient then mono-crystalline cells because in polycrystalline, its crystal structure
has different size of crystals, and different crystal defects occur on border which

decreases the efficiency of poly-crystalline i.e 19.8%.

1.5.3 Amorphous Silicon PV (a-Si)

It is the non crystalline form of silicon and is widely used. It is popular among
thin film technology, but it has low efficiecny than silicon crystalline. Its efficiecny
is 13.8%. Some of the varieties of a-Si are amorphous Silicon carbide (a-SiC),
amorphous Silicon germanium (a-SiGe), Microcrystalline silicon (micro-Si) and

amorphous Silicon-nitride (a-SiN).

1.5.4 Inverter

An inverter refers to Power Electronic device which converts DC to AC power at
required frequency and voltage output. In PV-system, we cannot integrate di-

rectly PV-system with grid without using inverter. Inverters are used because PV
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modules generate output as DC supply and these are needed to convert DC into

AC. An inverter can be classified by size, mode of operation and topology.

1.5.5 Batteries

Batteries convert chemical energy into electrical energy. It is the key technology
which is important for PV system and also for all renewable resources. A battery
Produces Direct current(DC). PV cells are totally dependent on the sun and cannot
generate power at night for which we need backup supplies such as battery storage
systems. Batteries may be primary or secondary. The primary batteries are thrown
away when it do not produce electricity. Dry cell, Alkaline batteries etc are the
examples of primary battery. Secondary battery can be recharged and reused.

Lithium ion, Nickel-cadmium(Nicd)etc are the examples of secondary Batteries

13].

Mono Crystalline Poly Crystalline Amorphous Silicon

FIGURE 1.3: Shows New Technology of Solar PV Module [12]
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Battery

-AC+

Photovoltaic Charge Inverter Loads
Module Controller

FIGURE 1.4: Shows PV and its Fundamental Components in Single line
Diagram|8]

1.5.6 Charge Controller

Charge controller plays an important role in battery life. Charge controller pre-
vents overcharging, it may protect against over voltage, that reduce battery per-
formance or lifespan, and may pose a safety risk. Most of the charge controller

have maximum power point tracking technique embedded by default.

1.6 PV Module Performance Parameter

The electrical characteristics of PV module can be seen and represented by the
current, voltage and output power of the module. The PV module has been af-
fected by the changing in temperature C and irradiance (the amount of sun per
unit area of the module watt per meter square). Figure 1.5 Shows the effects of
changing irradiance on the power to voltage P-V curves. It shows P-V character-

istics Curves at constant temperature at 25C and at different values of irradiances
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1000, 800, 600, 400, and 200 watt per meter square. When the irradiance is high,
then we will get maximum power from PV and vice versa. While Figure 1.6 depicts
the I-V side by side with the P-V characteristics Curves at constant irradiance at

1000 watt per meter square and different values of Temperature at 25, 50, 75, and

100C.

1.6.1 PV Module Performance in Partial Shading

Solar energy has an intermittent nature in producing electrical power due to the
dependency on the weather conditions of temperature. Therefore, there are many
techniques and algorithms for controlling the operation of the solar panels to op-
timize the extracted energy in such a away that are working at the point at which

they are producing the maximum power. These methods are called Maximum

175 | | | | | | | | T
I I I I I I I | G=10p0 Wi
150F---- e e et il Lol ===
[ * . T.'l
Lo €1 G=800 Wi
| | | | | | | |

|

|

|

FIGURE 1.5: Shows Different Irradiance levels on P-V Curve [14]
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FIGURE 1.6: Shows the I-V and P-V curves at fixed Irradiance 1000 watt per
meter square and Different Temperature [14]

Power Point Tracking techniques (MPPT) and they will be discussed in more de-
tail in the incoming chapter.

It has been mentioned in the aforementioned paragraph that the solar panels pro-
duction has been affected by the weather condition. In addition, there are cases
of shading which is occurred when the panel is covered partially or fully by an
object like cloud or trees [15] [16]. In this case the panel output power is de-
cayed immensely. During the condition of partial shading, the current-voltage
and power-voltage characteristics of photovoltaic PV exhibits multiple steps and
multiple peaks respectively. The peaks are local maximum power points (LMPPs)

and global maximum power point (GMPP) is shown in above Figure.
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F1GURE 1.7: Shows P-V curves during Partial shading [15]

1.7 Maximum Power Point Tracking Technique

For Solar PV energy system, the MPPT techniques are aim to track the maxi-
mum power point to keep the system working at the MPP for the most of the time
and hence extracting the maximum power. There are many methods to track the
MPP. The most widely used techniques are:

(i)Constant Voltage (CV) (ii)Incremental Conductance (IC ) (iii) Perturb and Ob-
serve (PO) (iv)Fractional open circuit voltage (v) Fuzzy Logic control (vi) Neutral

Network (vii) Short circuit current
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FIGURE 1.8: Shows I-V Curves During Partial Shading [15]

1.8 Objective

The objective of this study is to review the previous literature and conduct a com-
prehensive review on PV systems. Their are various techniques and algorithms
used in tracking the maximum power point but we will focus on PO method. We
will consider different conditions of operation including the non and partial shad-
ing conditions. Then, modeling a complete PV system composed of PV panels
connected in series, DC-DC converter, and maximum power point tracking tech-
nique, and finally simulating the derived model by using MATLAB Simulink to

determine the performance of modified PO and compare its result with ordinary
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PO.

1.9 Thesis Overview

The thesis composed of five chapters as shown in Figure 1.9 including the current
chapter of introduction which introduces the basic and backgrounds and the aim
of the study. The second chapter presents the literature review and problem
formulation, and the third chapter is System Modeling, chapter four is Result and
discussion, and finally chapter five concludes the work and presents the future

work.
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Chapter 1
Introduction
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Vi
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Future Work And
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FI1GURE 1.9: Shows Flow Chart of Thesis Overview



Chapter 2

Literature Review and Problem

Formulation

This chapter presents detail overview of the literature. Gap Analysis, Problem

statement and methodology are also discussed in this chapter.

2.1 Literature Review

The PV system is expected to reach 800 GW by the year 2030. This growth of PV
system market is due to the effect that are available, plentiful, free energy source,
sustainable and pollution free [17]. Although PV systems have many advantages
but there are three major problems associated: (1) low efficiency that can hardly
reach 20%, (2) when the weather is bad, the conversion efficiency is even poor, (3)
nonlinear electrical characteristics. Normally, the efficiency of PV system mainly
depends on solar irradiance level and atmospheric temperature. Therefore, PV
system should be operated at maximum power point (MPP) to achieve the high-
est possible efficiency. A maximum power point tracking (MPPT) system is one
of the important components that every PV system should include to ensure that
the highest possible power is generated. It is an electronic control system, which

monitors PV terminal voltage/current and achieves MPP by controlling the duty

15



Literature Review and Problem Formulation 16

cycle of a DC/DC converter to match output load to PV source impedance.

A Photovoltaic cell converts light energy into electricity directly. PV cells have a
complex relationship among Solar irradiation, temperature, and total resistance,
and exhibit a nonlinear output efficiency characteristic known as the P-V Curve.
Without Using MPPT Technique the Solar PV cannot operate at Maximum power.
Therefore, Maximum Power Point Tracking (MPPT) techniques should be devel-
oped in PV systems in order to maximize the output power of PV systems.

In [14] the author discussed the implementation of a maximum power point track-
ing algorithm for a photovoltaic system and showed that the effect of using and
not using MPPT. He concluded that using MPPT technique, we get 93% efficiency
and without MPPT we get 70% efficiency.

The function of MPPT is to ensure the operating voltage and current always stay
at the maximum power point (MPP) on the P-V characteristic curve. To date, nu-
merous MPPT techniques are reported in literature [18]. The most popular MPPT
techniques are the perturb and observe (PO) [19] [20] [21]]22] [23], and incremental
conductance [24] [25] [26] [26]. These algorithms are widely used in commercial
products mainly due to their simplicity and robustness. Some other MPPT tech-
niques are Artificial Neural network [27] [28], Fuzzy logic[29] [30] [31],Particle
Swarm Optimization [32] [33] [34], Fractional open circuit Voltage [35] [36], tend
to be more versatile and flexible.

This matter becomes more complex when there is rapidly changing irradiance and
partial shading due to Clouds, Trees, buildings etc. There will be multiple steps
current-voltage(I-V) and multiple peak on Power -Voltage(P-V) curve. However
when there is partial shading it cannot perform well and cannot track the GMPP.
The multiple maxima occur due to bypass diode during partial shading[16]. This
bypass diode prevents the PV from hot spot and allows the current to flow in
accurate direction.

Some researchers suggested different techniques for tracking (GMPP) for Resolv-
ing the problems of partial shading.

In [37] they observed that there are many peaks in cases of partial shading. Their
proposed method started by initialing the reference voltage to 85% of the open



Literature Review and Problem Formulation 17

circuit voltage and measured the current and voltage. It then called the traditional
PO method to find out the maximum power point. They stored the current values
of voltage and current as the last obtained maximum power point values Vm, Im,
and Pm. It then checked the change in power to see if it significantly changed
then it means partial shading has occurred. If this is the case, it is called the
global maximum power point tracking procedure GP. Once the GP procedure has
been done, it passes the control to the main routine and the process repeated until
it reaches to the global maximum power point. They run simulation at normal
condition and at different cases of partial shading conditions as well. Their results
showed a successfulness in tracking the global maximum power point at different
cases of partial shading conditions and also faster than the traditional methods.
In [38] they tested the most common methods of tracking like PO and Incremental
conductance method. They simply tested for the local peak and store the MPP
points of current, voltage, and power. Now if a significant change in power has
been occurred, then they would raise a flag to make a case of Partial shading
condition. At this case, they called a global maximum power point tracking sepa-
rate routine in which they updated the value of current, voltage and power every
time. They used MATLAB Simulink to test different conditions including partial
shading conditions. Their results show that it can track Global maximum power
point.

In [39] in this paper the author presents an comparative analysis of PO and in-
cremental conductance as they are widely used in MPPT techniques. Since both
technique are studied under 4 different environmental conditions i.e constant ir-
radiance, fluctuating irradiance, rapid fluctuating irradiance. During constant
irradiance the simulation is kept for 2s in which the irradiance is kept 800 watt
per meter square the results shows that PO track Maximum power i.e 3043 W
where as the incremental conductance track 3037 W but PO track it in 0.16 s and
where as incremental conductance track it in 0.13 s. Now the second case is the
fluctuating irradiance in which the irradiance is kept 800 watt per meter square,
600watt per meter square, 400 watt per meter square. During this case the PO

track 3043 W, 2845 W, 2594 W where as the incremental track 3037 W, 2838 W,
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2588 W but the speed accuracy of incremental was fast. During rapid fluctuating
irradiance the irradiance is kept 0, 200 watt per meter square, 600 watt per meter
square, 400 watt per meter square, 500 watt per meter square during this the au-
thor concluded that PO track Maximum power but speed is slow and vice versa.
In [40] the authors proposed an improved MPPT technique. They initialized the
reference voltage to 85% of the open circuit voltage and calculated the number of
PV modules. Then they measured the modules voltage and current. After that
they utilized the traditional PO method to fetch the maximum power point at
which they saved the last maximum power point for current, voltage and power.
They called a separate global maximum power point tracking routine when the
PO reached to the MPP. They modeled their system by using MATLAB Simulink.
They included 4 PV modules in one string connected in series integrated with
boost converter and set each PV module different value of irradiance for testing
the partial shading and non shading condition. Their simulation results showed a
successfulness in tracking the global maximum power point.

In [41] their method was a modified version of the conventional PO method. They
used this traditional method because of its simplicity in implementation and its
lower cost and efforts as compared to other method. They targeted to fix the two
main issues of the traditional method PO. One is the oscillation around the peak
point and other is the problem of failure of tracking the global peak in case of par-
tial shading conditions. When there are many peaks in the PV curve, they choose
wrong local peak instead of selecting the right global peak. They resolved the first
issue of oscillation by stopping the oscillation one it reached the MPPT. They
fixed the other issue of which multi peaks in partial shading condition by raising
flag when it detects PSC conditions and searching the P-V curve for local peak
and updated the global peak. They implemented a complete system including PV
array of 3 modules integrated DC-DC boost converter. They set the insolation G
for the three modules to 1000, 700, and 300 watt per meter square. The results
proved that their algorithm resolved the main two issues of oscillation and partial
shading condition.

Every researcher proposed their own MPPT Algorithm and their target is to track
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GMPP in case of partial shading. Some of them use interrupts in their coding,
consequently the efficiency of this algorithm negatively affected as speed of pro-
cessing is essential to detect happening of partial shading on time. Some of them
do not consider rapidly changing irradiance and experimental verification, while
algorithm takes long time in measuring and calculating for all local peaks to decide

which is the Global peak.

2.2 Gap Anaylsis

In [37] the method is very efficient when their is no rapidly changing irradiance.
However, if their is rapidly changing irradiance this method fails to track the
GMPP and their is timer interrupt. Consequently, the efficiency of this algorithm
negatively affected, as speed of processing is essential to detect happening of par-
tial shading on time.

In [38] they did not mention the details of the configurations. They used and
the test cases of normal and shading conditions. They did not consider the case
of rapid changing irradiance and just considered non-uniform irradiance case but
when there is rapid changing irradiance, there will be problem of tracking the
Global maximum Power point.

In [39] their method of PO two sensors are used, complexity and implementation,
need to choose either speed or accuracy as increasing speed needs increasing the
step size and hence decreasing the accuracy. When increasing the accuracy, it
needs using small step size, so the process will be slow down. As for the INC, they
concluded some drawbacks like using two sensors for current and voltage. It is of
high complexity due to the non-linearity and calculation of derivative. As overall,
they did not present any originality and or novelty because they just compared
two conventional methods PO and INC.

In [40] it checks the occurrence of partial shading conditions periodically using
timer of presented value. Consequently, the efficiency of this algorithm negatively
affected as speed of processing is essential to detect happening of partial shading

on time. One of the proposed solution for this delay issue is replacing the timer
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based checking event by an interrupt request which is occurred and one or more
conditions are realized. For example, the conditions of partial shading may be
detected by significant drop in voltage and or power. So the procedure of han-
dling the partial shading can be called when and only this interruption has been
occurred thereby, time of periodic check and test can be saved. It accelerates the
processing speed and increasing the efficiency.

In [41] the drawback of this method is the algorithm takes long time in measuring
and calculating all local peaks to decide the Global peak. This delay may cause

the system not able to track GMPP during fast changes in weather conditions.

2.3 Problem Statement

PV arrays produce electricity based on the amount of irradiance and the tem-
perature. Therefore, its production is intermittent and depends on the weather
condition. For normal condition, when no shading effects, there is only one peak
at specific temperature and irradiance, So the objective here is to track this point
and to get the PV working at the maximum power point. Furthermore, there
are other conditions more complicated when there are shading effects by Clouds,
Trees, or any other movable objects. In these cases, there are many peaks on P-V
curve and the problem here is to find the global peak and keep tracking the global
maximum power point. The traditional algorithms for tracking the maximum
power point fail to track the global peak and trapped at one of the local peak
points. So, their is need of Modified Algorithm that will solve the Problems of
partial shading. It will detect partial shading and it will extract Maximum power

compare with ordinary MPPT technique as well.
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2.4 Methodology

In this section of thesis, software tool, designing of model, research conclusion,
future recommendations are discussed and flow diagram of methodology is shown

in Figure 2.1.

2.4.1 Software Tool

A selection of software is important and software for research must have optimal
structures to permit modeling of PV system. The software checked for suitability
is MATLAB 2016b. In MATLAB 2016b Sim-scape Power Systems provides a large
variety of examples and analysis tools for modeling and simulations for electrical

power systems modeling.

2.4.2 Designing Of System

This study presents a new tracking algorithm which is able to track the maximum
and global power point as well efficiently. It has been developed by modifying the
PO algorithm. Therefore, fetching all parameters of performance of the new devel-
oped algorithm, a complete PV system integrated with DC/DC boost converter
has been modeled in Matlab.

2.4.3 Research Conclusion

The system simulation has been run at different operational conditions. Testing
included normal cases when no shading effects and also the partial shading con-
ditions. The tests have been simulated twice. One has been run with the new
algorithm and other with the traditional algorithm in order to compare their re-
sults. The results showed that the new algorithm can handle accurately all test
cases including partial shading conditions. While the tradition algorithms have

failed to manage the cases of shading conditions therefore, the produced energy
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was maximized and also the efficiency has been increased by using modified algo-

rithm.

2.4.4 Future Work and Recommendation

When research is completed, recommendations and future work has been recog-
nized and labeled. Purpose of this work is to allow future studies to use these

results and build upon this research.
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Software used for Modeling is Matlab
(software Tool)

\/

Solar PV MPPT Technique with boost Converter
(Desigining of overall System

\/

comparison of ordinary P&0 and Modified P&0
(Research Conclusion)

\/

Propose of this work is to allow in Future studies to more polish
and build

(Future work and recommendations)

FiGure 2.1: Flow Diagram of Methodology



Chapter 3

System Modeling

In order to simulate the system to fetch all performance parameters, this chapter
presents the complete system models that is implemented in Simulink /Matlab

and it would be used later in the simulation work in the next chapters.

3.1 PV Cell Model

The solar cell is the smallest unit of PV arrays. So, it is necessary to model the so-
lar cell before modelling the PV model for normal and partial shading conditions.
There are two models of a solar cell single and double diodes-based models. The
single diode-based model is chosen for simplicity. Figure 3.1 shows the equivalent
circuit of a photovoltaic array. It presents the solar cell as a current source parallel
to diode and one series and one resistance in parallel and the modeling equations
will be as follow. From the below equivalent circuit and using Kirchhoff’s current

Law, we can compute that

=1y —1,— I, (3.1)

where I is the total current of PV and it is equal to photo current (Iph)
Io is Diode current

24
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Rs

Iph
Io Rsh=>

FIGURE 3.1: Solar PV Model

Ish is current through shunt resistor

Now using Kirchoft’s voltages law

V=V,+IR, (3.2)

where Vd is diode voltage, V is output voltage

Rs series resistor

V= Iy * Ry (3.3)

now substituting eqn (3.3) in eqn(3.2) we get

Va V + IR,
Iy, = = 3.4
" Rsh Rsh ( )
G
In(G) = (Isc + Kdez’ff)E (3.5)

it is clear from the above equation that it depends on irradiance G and reference
Gr which is 1000 watt per meter square

Isc the short circuit current

Tdiff is the difference between temprature of operating and standard temperature

Ki is the temperature coefficient of solar cell

‘/;JU + IPvRs

I, = Iz[explq AR Ty

1] (3.6)
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where lo is diode current

1, is the diode saturation current
A is diode ideality factor

Tk is operating temperature(k)

q is electron charge constant

KT
| (A — (3.7)
q
Vt is the terminal Voltage
Kb represent Boltzman constant
T is the temprature of PV cell and
q is the magnitude of electron charge
Io is the saturation current
Tk qEgoTdif f
Iy = Irs(=—)>* 3.8
! TS(TT) exp| Ako Ter] (38)
where Ego represent band gap energy for silicon and finally we get
Voo + IPVR Voo + IPVR
Ipv = Iph — 1, £ )] - 22" 3.9
pv=1Ip ilewple=— 77 I R, (3.9)

3.2 PV Under Normal Case

After expressing the mathematical model equations of a solar cell, now it is the
turn of modeling a module composed of number of cells connected in series and
parallel. When there is no shading effects and all modules has the same amount
of irradiance (G) then according to equation (3.9) the PV current is presented in
both sides which shows that it cannot be separately expressed as a function of the
PV voltage Vpv. Therefore, it can determine the characteristic of the I-V of solar

cell by solving equation below

Voo £+ 1PvR, . Vi + 1PUR;

F(‘ZP”U? Vp/Ua Tk)7 G) = 1ph — ]p’U - Iol [exp[q AKbTK 1]] R
P

(3.10)



System Modeling 27

1 <H_<H_<H_<H
1 <H_<H _<H _<h

FIGURE 3.2: The Module with Partially Shaded Cells [42]

Where Rs and Ns are the number of series and parallel connected cells and

branches.

3.3 PV Under Partial Shading

Figure 3.2 shows the equivalent circuit of connected cells considering the case of
shading. Figure 3.3 shows the connection between cells with in module via bypass

diode.

3.3.1 Causes and Consequences of Partial Shading

In the introduction section, the fact is pointed, the solar PV has a a weather de-
pendent nature for the production of electricity. It is immensely affected by the

temperature and irradiance changes. Electrical power is the product of the PV
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voltage and PV current are affected negatively by increasing the temperature and
by decreasing the irradiance. This condition is called shading condition. This
condition has been occurred when the PV has been covered partially or fully by
any static or movable object like clouds, trees, etc. Consequently, the shaded PVs
produce current lower than the unshaded PVs. This difference in electrical char-
acteristics affects the production drastically and dramatically because the shaded
modules will be functioning as a load instead of its role as a source. Thereby, the
total power is negatively affected and also the efficiency. In the following sections,
the problem will be mathematically modeled and solutions are presented to avoid

the negative effects of shading problem.

3.3.2 The Use of Bypass Diode for Partial Shading

Simply, when the cell is under shading condition, then it produce lower value of
current than that of the whole cells produce. So its relevant bypass diode become
forward biased. On the contrary, if it produces current more than that of the other

cells it become reversed [43].

3.4 Mathematical Model of PV Module

After expressing the mathematical model equations of a solar cell, now it is the
turn of modeling a module composed of number of cells connected in series and
parallel. The normal case when there is no shading effects and all modules has the
same amount of irradiance (G) then as it is clear in equation (3.9) the PV current
is presented in both sides which means it cannot be separately expressed as a
function of the PV voltage Vpv. Simply, when the cell is under shading condition
then it produces lower value of current than that of the whole cells produce. So
its relevant bypass diode become forward biased. On the contrary, if it produces
current more than that of the other cells it become reversed. Therefore, the shaded

module will be bypassed shown in Figure 3.4
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FIGURE 3.3: Shows Equivalent Circuit of two Modules Connected with one
bypass Diode [43]

Rs

M\ +
s
Rs T Ipv

Iph (G1)

Iph (G2)

Iph (G3)

Iph (G4)

P Yy
® Y
d-gei =
P Y

FIGURE 3.4: Shows the Equivalent Circuit of Four PV Modules Connected with
bypass Diode
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Global Maximum

Power(w)

Local maxima

Voltage across array (V)

FIGURE 3.5: Shows P-V Curve During Partial Shading [16]

Now we calculate its Mathematical equation as done in single PV cell. Now the

mathematical model of four PV module becomes;

V;ml + IPvRs ‘/pvl + IPvRs

L, = -1, — 1]l — 3.11

p ph 1 [exp[q NSAKbTK ]] Nst ( )
Vs + IPUR, Vows + Ipy R

A . _pvs T 7 S LB ] 12

bv ph ol [&'L‘p[q NSAKbTK ]] Nst (3 )
Vv3 + IPvRs Vv3 + IPvRs

I, = -1, RE LA S e | e 3.13

po = Ton = Lonlexpla==ep = — 1] NsR, (3:13)
Vv4+IPURs Vv4+[PvRs

Lov=1,—1 s ) - A2 14

pv ph ol [el'p[q NSAK[)TK ]] NSRp (3 )

Vpv = Vpul if  Ipv> Iphl (3.15)

Vpv = Vpv2 + Vpul if  Ipv < Iph2 (3.16)

Vpv = Vpud + Vpuv2 + Vpoul if  Ipv < Iph3 (3.17)

Vpv=Vpvd +Vpud +Vpu2 4+ Vpul if Ipv < Iphd (3.18)
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The equations from eqn 3.11 to 3.18 stated above govern the total voltage produced
by the four PVs in case of shading as follow:

At beginning PV1 of the 1000 watt per meter square has the highest current
production. So its related diode will be reversed off state and all other will be
forwarded. So they are on state and the total voltage at this moment will be equal
to Vpvl until the current becomes less than that produced from PV2 which is
subject to irradiance 800. In this case the voltage will be the sum of the Vpvl
-+ Vpv2 until the current fall down to be less than Iph3. In this case the voltage
becomes equal to Vpvl+Vpv2+Vpv3 until the generated current go down to be
less than the produced current from the lowest one PV4 where voltage will be the
sum of the four voltages produced of the four panel and the current will be less

than Iph4.

3.5 PV with MPPT and Boost Converter

Figure 3.6 shows the system block diagram including all system components of
PV panels, DC-DC boost converter, MPPT controller. The proposed system has
been supplied through four panels. The four panels are connected in series to pro-
duce specific value of voltage. The next main component is the Boost converter
by which the voltage of the PV is boosted up to suit the required voltage of the
Load. The third main component is the maximum power point tracking controller.
The controller receives the temperature and irradiance of the PV and returns the
optimum Duty cycle by which the system works at the maximum power point all

the time.
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FIGURE 3.6: A General Overview of PV Module with MPPT and DC-DC
Converter [44]

3.5.1 Propotional Integral Control

The PI controller is composed of proportional and integration control parts with
gain Kp for the proportional and Ki for the integration control. These two com-
binations are adapted in order to realize two fold reducing the steady state error,
reducing the rising time. The proportional effects is reducing the rising time and in
turn accelerating the process of reaching the target. Adding integrator will make
the output proportional to the steady state error. Consequently, it will reduce the

steady state error. From the circuit of boost converter we compute the following :

Vin(s) = L% (3.19)
Vour(s) = Is(s) R (3.20)
now input output relation is given as
Vour(s) _ R

- (3.21)
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FIGURE 3.7: Shows Circuit Diagram of Boost Converter [45]

Now considering the PI control as shown in Figure 3.8

k; 1 R

R
Vour + (7)) (kp + ) (=) Voul = Via(7~) (3.22)
and finally we get
ot _ (55 (3.23)
Vi 1+ [(75) x (b + %) x (5)]

Equation 3.23 shows the transfer function of closed loop system
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FIGURE 3.8: Shows Circuit Diagram of PI Controller [45]

3.6 PV with Ordinary MPPT

Their are alot of MPPT technique for PV and they are proposed by many re-
searchers and that have a common goal to extract maximum power from PV and
operate the PV at its maximum power point (Pmax).

Perturb and Observe is very common Technique which is used for extracting max-
imum power from solar PV because it is very simple in implementation and very
cheap compared to other MPPT Technique. This method senses the current and
voltage of PV array and then compare power with respect to voltage as shown in
Figure 3.9 and its Block diagram is shown in Figure 3.10. There are three condi-
tions of checking power with respect to voltage if % > () it means that we are at
the left side of power -voltage (P-V) curve. if g—’v’ < 0 then we are at the right side
of curve and if % = (0 then we are at maximum power point. In literature, it is
shown that the method has efficiency of 90-93%. However, when there is condition
of partial shading its efficiency declines. In figure 3.10 the reference of Voltage
and Current is varied to set the MPP. After setting that the operating point of



System Modeling 35

e ( P-V Curve )

1500 - : : :
! dpldv=0
v
: ™~
- : : dp/dv<0
2 dp/dv>0 | ;
o ; |
o ; i
5004 ----- sommmnbie ke i
0 i . L
0 50 100 150 200
Voltage (V)
FIGURE 3.9: P-V Characteristic Curve of PV
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F1cURE 3.10: Shows Flow Chart of Conventional Perturb and Observe Algo-
rithm [46]
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system is moved periodically by incrementing or decrementing the PV array Volt-
age or Current, if the operating voltage of PV is perturbed by small increment
and the resulting change in power is positive, then we are in the direction of MPP
and we keep on perturbing in the same direction to reach maximum power point

and vice versa.

3.6.1 Matlab Model Of Ordinary PO

This section deals with system modeling and results. Matlab was chosen for testing
the model and algorithm. The test bed system consists of Photovoltaic system,
Ordinary perturb and observe method, boost converter that is implemented in
Matlab/Simulink shown in Figure 3.11. The system simulation results, with both
ordinary PO and Modified PO MPPT algorithms, are presented and discussed in
next chapter.

This ordinary PO system has been supplied through four panels. The four panels
are connected in series to produce specific value of voltage and current. The next
main component is the Boost converter by which the voltage of the PV is boosted
up to suit the requirement voltage of the Load. The third main component is the
maximum power point tracking controller. The controller receives the tempera-
ture and irradiance of the PV and returns the optimum duty cycle by which the
system works at the maximum power point all the time.

when we click on Figure 3.11 in Solar PV Array Block we can adjust its parameter

and it is given in Figure 3.13.
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FI1GURE 3.11: Shows Overall Simulink Model with Ordinary Algorithm

FIGURE 3.12: Shows Matlab Model of Solar PV
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PV array (mask) (link)

Implements a PY array buit of strings of PV modules connected in parallel. Each string consists of modules connected in series,

Allows modeling of a variety of preset PV modules avallable from NREL System Advisor Model (Tan, 2014) as well as user-defined PV module

Input 1 = Sun iradiance, in Wim2, and input 2 = Cell temperature, in deg.C.

Parameters | Advanced

Array data

Parallel strings 1

Series-connected modulas per string 1

Module data

Module: |Dmsdar DM280M2-36 '
Maximum Power (W) |230.28 Cells per module (Ncel ) |72

Open circult voltage Voc (V) 443 Shart-creult current I5C (A) 8.28

Voltage at maximum power point Vimp (¥) 16.4 Currertt at meximum power point Imp (&) | 7.7

Temperature coefficient of Yoo (%/deg.C) |-0.30301 Temperature coefficient of Isc (%/deg.C) | 0.041002

FIGURE 3.13: Shows Parameter of Solar PV in Matlab

If we click on the block of PO in Figure 3.14 then its Coding is done in m
file and it work on flow chart of Figure 3.10 its coding is given in appendix. The
next feature is PI control and it is given in Figure 3.15 when we click PI control
Block we get its block diagram that is implemented in matlab. The gains of Pi

control are Kp, Ki and are set 1.3, 8.3 respectively.
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FIGURE 3.15: Show PI Control Model in Matlab
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TABLE 3.1: The Parameter of Boost Converter

Parameter Value

Boost Converter inductor L=bmH

Boost Converter Capacitor C=1000microF
PV side Capacitor C=2.5mF
Switching Frequency 7.5KHz

3.7 Matlab Model with Proposed Algorithm

This section deals with system modeling. Matlab was chosen for testing the model
and algorithm. The test bed system consists of Photovoltaic system, Modified per-
turb and observe method, boost converter that is implemented in Matlab/simulink
Figure 3.15. All the parameters are Kept same i.e PV Array, Boost converter Pa-
rameter, PI Control as done in case of Ordinary PO but the M File coding is
changed because we propose a modified PO.

Figure 3.16 shows the flow chart of proposed algorithm The program always start
with setting reference Voltage set to 80% of Voc. When their is no shading then
ordinary MPPT will track the maximum power point and it will be in GMPP
because it has one peak. So it measures the current and voltage and then cal-
culate the power. It notices the change in voltage and the changes in power. It
then determines the direction of movements in form of steps change in duty cycle.
The reference of Voltage and Current is varied to set the MPP. After setting that
Operating point of system is moved periodically by incrementing or decrementing
the PV array Voltage or Current. The reference of Voltage and Current is varied
to set the MPP, if the operating voltage of PV is perturbed by small increment
and the resulting change in power is positive, then we are in the direction of MPP
and we keep on perturbing in the same direction to reach maximum power point

and vice versa. When we are at the MPP, it will store the Vmax and Pmax. Now
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if the module Voltage is greater then a predetermined constant, it means that
partial shading has occured and it will be called the GMPP Tracking.
GMPP Tracking is used for tracking the maximum power point. If any array has

voltage less then zero, it means that the peak is on left side curve. So it will update

@ GMPP

Tracking

Set V/ ref=0.8*Voc No
YES l Calculate

smaller module

Measure Array Voltage and voltage in group Set D = 1-0.85*Voc/ Vout

No Currentand Call Pand O
yes ¢
No ) ves
Set D = 1-085*(1-MIN)* Measure Array Voltage
Voc/ Vout and Current and Call P
i and 0
yes

Set MPP=1 Store Vmax
and P max

Measure Array Voltageand | V&S No
Current and Call Pand O Is MPP
Tracked ?
es
s MPP Y
Tracked ?

Set MPP=1 Store

Yes \max and P max
in module
voltage > VEes
Constant No 7
>Pm last
Ves
Call GMPP Tracking SetP max_last =
Pmax_new
No V| ast=Vm new

F1cURE 3.16: Shows Flow Chart of Proposed Algorithm
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the Vref indirectly by setting the duty cycle and it will call the ordinary perturb

and observe method. If the array voltage is greater then zero it will calculate the

smaller voltage of array and calculate M, then it will set the Vref indirectly by

setting the duty cycle and it will call the perturb and observe method and then it

will store Vmax and Pmax. It will check power and compare it with last one and

update it.
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Chapter 4

Results and Simulations

This chapter presents the obtained results of the proposed model and also shows
the results of the conventional model of PO. Two algorithms have been imple-
mented in this regard. One for the conventional PO method and the other is the
proposed technique for tracking the Global Maximum Power point. This chapter
introduces the test cases that cover all conditions of operation including normal
cases and shading cases. Furthermore, a complete comparison analysis of old and

the proposed techniques is presented in this chapter.

4.1 The Conventional Method of PO

The traditional PO method has been described logically in Figure 4.1. It shows
the flow chart of the PO method. It measures the current and voltage and then
calculate the power. It notices the change in voltage and the changes in power
and then determines the direction of movements in form of step change in duty

cycle as follow.

43
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Start

Y

Measure V(t), I(t)

\
Calculate Power, P(t)

D(t) = D(t-1+A D D(t)=D(t-1)-AD| | D(t)=D(t-1)-AD D(t) =D(t-14A D

FIGUurRE 4.1: Shows Flow Chart of Conventional Perturb and Observe
Algorithm[46]

4.2 The Proposed PO Working Principle

As it is fully described in the design and modeling chapter, the proposed method
utilizes the MPPT PO with some modifications to bypass the shaded modules and
remove its negative effects on the net power. It is simply searching the MPP and
then checks the occurrence condition of a partial shading at which it triggers a
global maximum power point GMPP. The GMPP logic is described in details in
the design and modeling chapter. The advantage of this method appears obvi-
ously at when partial shading condition has been occurred. It can manage such
condition efficiently. In the next section, the test cases, test results and discussion
are presented in details.

According to the system, description that has been presented in the design and
modeling chapter, the system composed of PV array of 4 modules, DC-DC con-
verter, and the mppt controller. There are two algorithms to be tested with.
The conventional PO MPPT algorithm and the proposed technique. The same

configuration and system components will be utilized in every test. For testing
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different operating condition, it should be gathering all cases of operation and run
the system twice. One with the traditional PO and other time with the proposed

techniques.

4.3 Normal Condition

In this condition, all modules receive the full sun irradiation as there is no shading.

All modules are subject to 1000 Watt per meter square of irradiance.

4.3.1 Shading Condition with non Equal Distribution of

Irradiance

In this case, there is a differences in the amount of sun to which they are subjected.
In simulation two test pattern are considered. For pattern one Shown in Figure 4.3
each solar pannel are subjected to 1000, 800, 600, and 400 Watt per meter square
respectively. For pattern two they are subjected to extreme rapid fluctuating
irradiance.

The system will be run twice, one for the conventional technique and other run
for the proposed method. The results are commented and discussed in details
and separately to show the differences between the proposed method and the

traditional one for every test cases.

4.4 Simulation with Ordinary PO for Shading
Pattern One

This ordinary PO system has been supplied by four panels. The four panels are
connected in series to produce specific value of voltage and current. The next main
component is the Boost converter by which the voltage of the PV is boosted up

to suit the requirement voltage of the load. And the third main component is the
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FIGURE 4.2: Shows Simulink Model with Ordinary PO

maximum power point tracking controller. The controller receives the temperature
and irradiance of the PV and returns the optimum Duty cycle by which the system
works at the maximum power point all the time.

The system simulation results, with ordinary PO are presented and discussed in
this section in Figure 4.2.

The non-shading period is from 0 to 0.3 s, so from the figure 4.4, it is clear that
during non shading condition Vpv is increasing and it finally touch around 146V
and which is constant. The shading period is from 0.33 to 0.7 s. During partial
shading condition that starts from 0.33 s the Voltage of Vpv starts decreasing as
shading may occur due to multiple reasons (Clouds, Trees, buildings etc) and it
is almost constant at approximately at 103 V with oscillation. The same scenario
is for output voltage of Boost converter during non-shading it reaches 179 V and
during shading it touches 121 V.

The non-shading period is from 0 to 0.3 s so, from the Figure 4.5 it is clear that
during non shading condition Array current is almost at 8.3 A, and it is constant

at 7.4 A and their is oscillation also. The shading period is from 0.33 to 0.7 s.
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FI1GURE 4.7: Shows PV Array Power in case of Ordinary PO

During this period Array current PV (Ipv) abruptly reach to 2.5 A as shading may
occur due to multiple reasons and it is almost constant at approximately at 4.85
A.

The same scenario is for output current shown in figure 4.5. During non-shading
case, the current is increasing gradually and then it is constant approximately at
6 A with oscillation also. But when it reaches 0.33 s the current decreases which
is the disadvantage of partial shading but remains constant at 4.08 A.

The non-shading period is from 0 to 0.3 s so, from the Figure 4.7. It is clear
that during non shading condition Array Power Ppv is increasing and it finally
touches around 1080W and then it is constant. During partial shading condition
as it starts from 0.3 s during this period power is abruptly reaches to 400 W
and it is almost constant at approximately at 499 W. The same scenario is for
output power. During non-shading case the power increases gradually and then
it becomes constant approximately 1080 W with oscillation. But when it reaches
0.3 s the partial shading occur and the power decreases which is the disadvantage

of partial shading but remain constants at 494 W. This is given in figure 4.8.
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FIGURE 4.8: Shows Output Power in case of Ordinary PO

4.5 Simulation with Proposed PO for Shading

Pattern One

This proposed PO system has been supplied by four panels. The same parameter
was chosen for proposed PO. The four panels are connected in series to produce
specific value of voltage and curren. The next main components is the Boost con-
verter by which the voltage of the PV is boosted up to suit the required voltage
of the load. And the third main components is the maximum power point track-
ing controller. The controller receives the temperature and irradiance of the PV
and returns the optimum Duty cycle by which the system works at the maximum
power point all the time.
The system simulation results, with proposed PO are presented and discussed in
this section. Figure 4.9 shows Simulink model with proposed algorithm.

The non-shading period is from 0 to 0.3 s so, from the Figure 4.10 it is clear
that during non-shading condition Vpv is increasing and it finally touches around

146 V and then it is constant. If we compare to ordinary PO oscillation is less.
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The shading period is from 0.33 to 0.7 s. During partial shading condition as it
starts from 0.3 s the Voltage of Vpv starts decreasing and it is almost constant at
approximately at 103 V. The same scenario is for output voltage of boost converter
shown in figure 4.9. It reaches to 204 V during non shading and 144 V during
shading.

The non-shading period is from 0.33 to 0.7 s so, from the figure 4.11 it is clear
that during non-shading condition Array current is almost at 8.3 A. It is constant
at 7.4 A. The shading period is from 0.3 to 0.7 s. During partial shading condi-
tion as it starts from 0.33 s the PV Array current PV (Ipv) abruptly reaches to
2.5 A as shading may occur due to multiple reasons and it is almost constant at
approximately at 5.2 A.

The same scenario is for output current. During non-shading case the current
is increasing gradually and then becomes constant approximately at 5.2 A with
less oscillation as compare with ordinary PO. But when it reaches 0.33 s the par-
tial shading occurs and the current decreases which is the disadvantage of partial

shading but it is remains constant at 3.7 A. This is given in figure 4.12.
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FIGURE 4.12: Shows Output Current in case of Proposed PO

The non-shading period is from 0 to 0.3 s, so from the figure 4.13 it is clear
that during non shading condition Array Power Ppv is increasing and it finally
touches around 1080W and then it is constant with little oscillation as compared
to ordinary PO. The shading period is from 0.33 to 0.7 s. During partial shading
condition that starts from 0.33 s the power is abruptly reaches to 400 W and it is
almost constant at approximately at 537 W. It has less oscillation compare with
PO method.

The same scenario is for output power. During non-shading case the power is in-
creasing gradually and then it is constant approximately 1080 W with oscillation.
But when it reaches 0.3 s the partial shading occurs and the current decreases but

is remains constant at 531 W. This is given in figure 4.14.
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TABLE 4.1: Comparison of Proposed and Ordinary Algorithm for Pattern One

Tracking During During
Method Non Shading
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Ordinary PO 1080W 499W
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Proposed PO 1080W 53TW
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FIGURE 4.15: Shows Bar Graph of Comparison Proposed and Ordinary Algo-
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rithm for Pattern one



Results and Simulations 56

1000
iradiance level 1
500 —

1000 |
iradiance level 2

500 -

1000 1
iradiance level 3 I

500 -

1000¢ i
iradiance level4

500 —

—

| | \ \ |
0 0.1 02 03 04 05 06 07 08 09
Time (sec)

FIGURE 4.16: Shows different Irradiance levels on Solar Pannels

4.6 Simulation with Ordinary PO for Pattern Two

For pattern two all Solar Panels are subjected to extreme rapid fluctuating irra-
diance. There are four different irradiance levels as shown in figure 4.16.

The non-shading period is from 0 to 0.3 s, so from the figure 4.17, it is clear that
during non shading condition Vpv is increasing and it finally touch around 146V
and which is constant. The shading period is from 0.3 to 0.9 s. During partial
shading condition that starts from 0.3 s to 0.6 s the Voltage of Vpv starts decreas-
ing. During this period it is 137 V and from 0.6 s to 0.9 s it is almost constant
approximately at 89 V with oscillation. The same scenario is for output voltage of
Boost converter during non-shading it reaches 179 V and during shading it touches

105 V.

The non-shading period is from 0 to 0.3 s so, from the Figure 4.18 it is clear that
during non shading condition Array current is almost at 8.3 A, and it is constant
at 7.4 A and their is oscillation also. The shading period is from 0.3 to 0.9 s. Dur-
ing 0.3 s to 0.6 s the current is 6.4 A. During 0.6 s to 0.9 s it is almost constant
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FIGURE 4.17: Shows PV Array voltage and Output Voltage Of Boost Converter
for Case Of ordinary PO

approximately at 4.13 A.

The same scenario is for output current shown in Figure 4.19. During non-shading
case, the current is increasing gradually and then it is constant approximately at
7.4 A with oscillation also. From 0.3 s to 0.6 s the current decreases and it reaches
to 5.4 A and then from 0.6 s to 0.9 s remains constant at 3.44 A.

The non-shading period is from 0 to 0.3 s so, from the Figure 4.20. It is clear that
during non shading condition Array Power Ppv is increasing and it finally touches
around 1080W and then it is constant. The partial shading condition as it starts
from 0.3 s to 0.9 s. During 0.3 to 0.6 s the power is 876 W and from 0.6 s to 0.9 s
it is constant approximately at 367W.

The same scenario is for output power. The non-shading period is from 0 to 0.3 s
so, from the Figure 4.21. It is clear that during non shading condition Array Power
Ppv is increasing and it finally touches around 1080W and then it is constant. The
partial shading condition as it starts from 0.3 s to 0.9 s. During 0.3 to 0.6 s the
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4.20: Shows PV Array Power in case of Ordinary PO

output power is 873 W and from 0.6 s to 0.9 s it is constant approximately at

367TW.
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FIGURE 4.21: Shows Output Power in case of Ordinary PO
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FIGURE 4.22: Shows PV Array voltage and Output Voltage Of Boost Converter
for Case of Proposed PO

4.7 Simulation with Proposed PO for Pattern Two

For pattern two all Solar Panels are subjected to extreme rapid fluctuating irra-
diance. There are four different irradiance levels shown in Figure 4.16.

The non-shading period is from 0 to 0.3 s, so from the figure 4.22, it is clear that
during non shading condition Vpv is increasing and it finally touch around 146V
and which is constant. The shading period is from 0.3 to 0.9 s. During partial
shading condition that starts from 0.3 s to 0.6 s the Voltage of Vpv starts decreas-
ing. During this period it is 138 V and from 0.6 s to 0.9 s it is almost constant
approximately at 106 V with oscillation. The same scenario is for output volt-
age of Boost converter during non-shading it reaches 179 V and during shading it
touches 131 V.

The non-shading period is from 0 to 0.3 s so, from the Figure 4.23 it is clear that

during non shading condition Array current is almost at 8.3 A, and it is constant
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FIGURE 4.23: Shows PV Array Current in case Proposed PO

at 7.4 A and their is oscillation also. The shading period is from 0.3 to 0.9 s. Dur-
ing 0.3 s to 0.6 s the current is 6.4 A. During 0.6 s to 0.9 s it is almost constant
approximately at 4.23 A.

The same scenario is for output current shown in Figure 4.24. During non-shading
case, the current is increasing gradually and then it is constant approximately at
7.4 A with oscillation also. From 0.3 s to 0.6 s the current decreases and it reaches
to 6.4 A and then from 0.6 s to 0.9 s remains constant at 4.23 A.

The non-shading period is from 0 to 0.3 s so, from the Figure 4.25. It is clear that
during non shading condition Array Power Ppv is increasing and it finally touches
around 1080W and then it is constant. The partial shading condition as it starts
from 0.3 s to 0.9 s. During 0.3 to 0.6 s the Array power Ppv is 884 W and from 0.6
s to 0.9 s it is constant approximately at 448 W. The same scenario is for output
power. The non-shading period is from 0 to 0.3 s so, from the Figure 4.26. It
is clear that during non shading condition Array Power Ppv is increasing and it
finally touches around 1080W and then it is constant. The partial shading condi-
tion as it starts from 0.3 s to 0.9 s. During 0.3 to 0.6 s the output power is 878 W
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FIGURE 4.24: Shows PV Array Output Current in case Proposed PO

and from 0.6 s to 0.9 s it is constant approximately at 441 W.
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FIGURE 4.25: Shows PV Array Power in case of Proposed PO
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4.8 Discussion

Solar Energy is one of the most important renewable energy sources for generating
electricity. However, its production depends immensely on the weather conditions
of ambient temperature and irradiance. Therefore, there should be a control tech-
niques to manage the operation of the solar PV to have it working at the point at
which it produces the maximum power.

The aim of this algorithm is to detect partial shading, and indicate the direction of
LMPP and GMPP. Testing included normal cases when there is no shading effects
and also the partial shading conditions. The tests have been simulated twice. One
has been run with the new algorithm and other with the traditional algorithm
in order to compare their results. The results showed that the new algorithm
can handle accurately all test cases including partial shading conditions. While,
the traditional algorithm have failed to manage the case of shading conditions.
Thereby, the produced energy was maximized and also the efficiency increased by

using modified algorithm.
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By comparing the tradition and the proposed method, we conclude that, they
behave identically because in case of no shading the proposed method just uses
the PO as traditional method. However, there is a big difference in performance
in case of shading, the proposed method has been settled at 537 W while the tra-
ditional method only produces 499 W for Pattern one. For Pattern two Proposed
and traditional method settled 448 W, 367 W respectively.

TABLE 4.2: Comparison Of Proposed and Ordinary Algorithm for Pattern T'wo

Tracking During During

Method Non Shading
shading

Ordinary PO 1080W 367TW

Method

Proposed PO 1080W 448W

Method
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TABLE 4.3: Comparison Of Proposed and Ordinary Algorithm for Shading

Patterns
Feature Ordinary Proposed
PO PO
Method Method
Oscillation It has It has less
high oscil- oscilla-
lations tions
Partial Shading It cannot It handle
handle Partial
Partial Shading
Shading as well
as  non-
shading
Tracking Speed It has low It has high
Speed  of Speed  of
Track- Track-
ing the ing the
Maximum Maximum
Power Power
Point Point
Efficiency It has low It has high
Efficiency Efficiency
in terms in terms
of Power of Power
etc etc




Chapter 5

Conclusion and Future Work

In this chapter conclusions and future work is discussed, as area of this research
is so vast and there are many opportunities for new research in this area future

recommendations are discussed also.

5.1 Conclusion

Renewable energy sources compete the natural gas in the second position after
coal as a source of electricity thanks to Solar PV and Wind. However, the most of
renewable energy sources have intermittent nature in their production due to de-
pendency on weather conditions. For example, solar PV depends on temperature
and solar irradiance. Therefore, tracking algorithms are very essential to follow
the operating point at which solar PV arrays produces the maximum energy and
working at maximum power tracking conditions.

There are many algorithms that track the MPP. The most common algorithms are
perturb and observe. The survey shows that the Ordinary PO methods are able
to track the maximum power point at normal conditions when there is no shading
effects. However, this method fail to track GMPP during partial shading.

The proposed method utilized the PO to search the local peak and then it called

a separate routine for handling the search process for the global peak based. The

67
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condition of partial shading may be detected by a significant drop in voltage and or
power. So, the procedure of handling the partial shading can be called when and
only when this interrupt has been occurred instead of periodically check and test
which cause delay and failure to follow the rapid weather changes. Consequently,
the developed algorithm accelerates the processing speed and increasing the net
efficiency.

Different scenarios have been tested like normal conditions of operation and partial
shading conditions have been tested. The results have been validated with that of
the other model in order to verify the correctness of the operation of the proposed
method. Results showed that the new method successfully tracked the maximum
power point at normal conditions as well as shading conditions. Thereby, the new
method increases the efficiency significantly and maximized the extracted energy

of solar PV arrays.

5.2 Future Work

The MPPT techniques including artificial intelligence based techniques play vital
role in advancing the optimization and global searching problem. Therefore, one
of the suggested approach is replacing the PO traditional technique with one of
that methods like Genetic algorithm, Particle swarm optimazition, Fuzzy logic,
Artificial neural network ANN or using two of them in hybrid topology to search-
ing for the global peak. For example, the shading condition specifications and
parameters like temperature, and irradiance of each module are input parameters
which are given to Genetic algorithm, Particle swarm optimazition etc in order to
result the global peak.

In future, centralized PV farms will be integrated with conventional grid. It is
important to analyze the impact of centralized generation on the conventional
grid. For the protection of grid, grid-tied inverters should be operational and

intelligent.
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Appendix-I

The pseudo coding of ordinary PO is given as
The initialisation is given as function D = P and O(Param, Enabled, V, I)
Dinit = Param(1); %Initial value for Vdc_ref
Dmax = Param(2); %Maximum value for Vdc_ref
Dmin = Param(3); %Minimum value for Vdc_ref
deltaD = Param(4); %Increment value used to increase/decrease Vdc_ref
persistent Vold Pold Dold;

dataType = ‘double’;

if isempty(Vold) Vold=0;

Pold=0;

Dold=Dinit;

% V=0.85%44.9;

P= V*I.

dV=V - Vold;

dP= P - Pold;

if dP not equalto 0 && Enabled not equal to 0

if dP < 0

if dV < 0 D = Dold - deltaD;

else

D = Dold + deltaD;

else

if dV < 0

D = Dold + deltaD;

1)
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else D = Dold - deltaD;
D=Dold;

if D > Dmax
D=Dmax;

if D < Dmin

D=Dmin,;

Dold=D;

Vold=V;

Pold=P;

The Modified coding

function [D,pmax,vmax] = PandO(Param, Enabled, V, VL)

Dinit = Param(1); %Initial value for Vdc_ref

Dmax = Param(2); %Maximum value for Vdc_ref

Dmin = Param(3); %Minimum value for Vdc_ref

dpvo=Param(5); % store the previous slope to fetch the time at which mppt has
been done

deltaD = Param(4); %Increment value used to increase/decrease Vdc_ref
mpp_done=0; % flag indicates the reach to the mpp

dp_crit=4%280%*.05; % initial value of the critical disturbance 4-5% of the module
capacity

% data stoarage for persisted values throughlong the code and program persistent
Vold Pold Dold dpv_old repeat Vm _last Pm _last; dataType = ’double’;

%if isempty(Vold) Vm_last=0;

Pm_last=0;

repeat =0;

Vold=0;

Pold=0;

Dold=Dinit;

dpv_old=dpv_o;

% regular mppt based on PO
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P= V*I;
dV=V - Vold;
dP= P - Pold;

if dP not equal to 0 && Enabled not equal to 0
if dP < 0

it dV< 0

GMPP

const=25;

% the critical voltage disturbances 0.3-.4 of the Voc

%any of the module voltages <0
D=1-0.85*Voc*4/VL;

repeat=0;

%loop for mpp mpp_done=0;

call P and O

else

catl=sum(u<=Voc/4);
cat2=sum(u>Voc/4 and u<=Voc/2);
u>Voc/2 and u<=Voc/3);
u>Voc/3);

cat3=sum(
catd=sum(
if cat1>0 M=catl;
elseif cat2>0
M=cat2;

elseif cat3>0
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M=cat3;

else

M=cat4;

end

n=4;

D=1-0.85*(1-M/n)*Voc*4/VL;

repeat=0;

else if if P>Pm last || (abs(P-Pm_last)>=dp_crit) % only saving and uopading the
last Vm and Pm in case it is greater value as regard to the power
Vm_last=V;

Pm_last=P;

if abs(P-Pm_last)>=dp_crit

D=1-V/VL;

% updating the Vref indirectly via the setting the duty D
end

repeat=1;

% and reset the counters

end % display the recent Pm_last and Vm_last
pmax=Pm last;

vmax=Vm_last;

end

% set limiter to the duty as design restriction

if y<0.1;

y=0.1;

end

if y>0.9

y=0.9;

end

%stop mpp and calculation for the GMPP

y_done=0;

else
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% calculation is done and call back the MPP to get the last Pm , Vm
y=0;
y-done=1;
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