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ABSTRACT 

Global warming is curre1:-tly a worldwide concern due to the rising pollution in 

theecosystem; this is a result of the ever-increasing demand for electricity which depends 

on fossil fuel. Therefore, using other renewable energy resources such as solar energy has 

been investigated as an alternative power generating resource in the past few decades. 

The main purpose of this thesis is to develop a solar panel model, which gives a real 

operation condition according to IEC standard and real life recorded data. Therefore, two 

models are implemented, developed, and validated. The DC I DC converteris implemented 

and studied under different operation conditions, an AC I DC inverteris presented and 

studied for solar energy application. In this thesis a novel approach was presented by the 

use of back of the panel temperature to measure and calculate the solar model parameters 

which mimic the real operation of a PV cell. Finally MATLAB simulator 2012a version is 

used to design and simulate a solar power generators for domestic load, the result of 

implemented circuit is discussed in details. 

Keywords: Solar energy, solar panel model, DC/DC converter, AC/DC inverter, solar 

power for domestic "load 
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CHAPTER ONE 

INTRODUCTION 

1.1 Overview 

This chapter is composed of an introduction to the thesis where a literature review is done 

and the objectives and the outline are discussed in details besides a block diagram of the 

thesis plan is given. 

1.2 - Introduction 

As a matter of fact no one can deny that electricity is an important part in our everyday 

life. Furthermore, electricity actually plays an essential role in the development of industry, 

agriculture, medicine and all fields of human activities. The global primary electric energy 

demands are met largely from conventional energy source as fossil fuels, which add to 

environmental degradation problems through gaseous emissions, using renewable and 

unconventional energy power sources will help to control, replace and avoid adverse 

environmental impacts [ 1, 2, 3]. 

The Solar energy is an inexhaustible resource, where the sun produces vast amounts of 

renewable solar energy that can be collected and converted into heat and electricity. The 

ecological life depends on the sun's energy. Which is very important for the chemical and 

biological processes on our planet [ 4, 5]. "It is an established and accepted fact that solar 

energy will play an increasingly important role in the future as it is cleaner and easier to 

use and environmentally being and is bound to become economically more viable with 

increased use"[ 6]. 

1 



e importance of solar energy is outlined by [7] in the following points: Renewable and 

free, Safe and clean. Less maintenance required, Cost-effective in remote areas, Provides 

energy independent of the power grid, and Flexible and adaptable. 

From the 50's of the last century scientists are trying to find a new technology to generate 

clean energy. The sun is considered to be the most important one because it's clean and 

renewable source through use of Photovoltaic cells which were convert sunlight to 

electricity. A photovoltaic (PV) is the most promising one as a future energy technology 

[8, 9, 10] and has less operational and maintenance costs [11, 12]. 

In general, the basic elementary device used in PV systems is the PV cell; a PV cell is 

consisting of semiconductor material which directly converts sunlight into electricity [13]. 

A group of cells interconnected in series or parallel to form a new building block so called 

PV module [ 14]. The modules are then connected together depending upon required 

voltage and current and general series and parallel topologies are used in order to increase 

voltage and current respectively. A PV array is formed by series and parallel combinations 

of modules and the produced power is direct current (DC) [ 15]. 

However, in photovoltaic power generator system the interface between source (solar 

array) and load (utility grid) consists of three stages, which are solar array, the DC-DC 

converter with a maximum power point tracker (MPPT), and inverter. In order to study the 

characteristic of a PV system modeling of the PV array is necessary. 

A PV device is a nonlinear device and the characteristic of generating power depend 

essentially on solar irradiance and cell temperature [2, 11, 15]. The system can be 

mathematically modeled based on the theoretical equations that describe the functioning of 

the PV system using the equivalent circuit [9, 16, 11]. The equivalent circuit of a single 

solar cell could be modulated by using one current source, one diode or two diodes when 

more accuracy is required, and parallel resistor (Rp) with series resistor (Rs) connected in 

series [ 16]. 

Due to the nonlinear characteristics of PV cell with weather and load condition on one side 

and the high capital cost of PV array on other, maximum power point tracking (MPPT) 

control technique is essential in order to extract the maximum available power from PV 
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array in order to maximize the efficiency of PV array [ 12, 1 7]. Therefore, the MPPT is 

used to control a DC/DC converter which inserted between PV generator and inverter 

circuit. The role of MPPT algorithms controls the switching of DC-DC converter by 

applying pulse-width modulation (PWM) technique [17, 18]. 

The last part of a standalone PV power system is an AC I DC inverter; the main function of 

the inverter changes the generated voltage from the PV from DC to AC to be used in 

supplying normal AC load for household and industrial appliances which need AC current. 

In this thesis several PV modules are proposed and simulated, the best model is selected 

according to the empirical result and validation data. To validate the selected model, these 

data that consist of voltage, current, temperature, and solar irradiance were recorded. 

Thereafter, the selected module of PV array will be connected with DC/DC converter 

controlled by MPPT algorithm, and the better MPPT algorithm and DC/DC converter will 

be selected according to literature survey. 

Finally the DC/AC inverter will be designed to achieve AC current in the final stage of PV 

system, where the best design will be selected according to the simulation result. After 

that, a small scale PV power system implemented and validated to supply the domestic 

load. 

1.3 Literature review 

This section includes research papers and published articles related to modeling of PV 

systems. Many parameters affected the operation of PV, to calculate some parameters 

which uncovered by data sheet has been addressed by few research works. For instance, in 

[2], the authors implemented a generalized photovoltaic model using Matlab/Simulink, 

which is representative of a PV cell, module, and array; the proposed model connected to 

power electronics for a maximum power point tracker. Taking the effect of sunlight 

irradiance and cell temperature into consideration, they assumed that Rs = 0 and Rp = o: for 
easy calculation and to approximate the results. 
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Using an incremental conductance method for MPPT algorithm theory presented in [ 4] 

where Matlab Simulink used, to simulate a Solar Photovoltaic module using The I-V and 

PV characteristics are obtained for various values of solar insolation keeping the cell 

temperature constant. They proposed for further work using the proposed simulation model 

in conjunction with MPPT algorithm can be used with DC-DC Boost converter. The 

authors in [ 11 J study the use of numerical methods to find such parameters which are not 

provided by the manufacturers data sheet, for example Rs, Rp, A, 10, lsat, by using internal 

parameters were given in the PV module datasheet, they present a new improvement and 

modification for some of the existing models under standard test condition (STC) and 

under varying environmental conditions. 

In [ 15) a solar cell single diode model parameters from experimental data were extracted, 

the author suggested a number of methods for measuring the series resistance (Rs ) of a 

solar cell, other parameters, such as Rp, Isat, and ideality factor of a diode (a) at a particular 

temperature and solar irradiance can be computed from the other parameters which were 

provided by the manufacturer data sheet of PV panel. 

The Authors in [18) have proposed a method for modeling a photovoltaic array, they 

calculate unknown parameters of PV array by adjusting the nonlinear 1-V curve at three 

points: maximum power (Vm), short circuit (I sc), and open circuit (V 0c), These three points 

provided by the manufacture PV array datasets, the method finds the best 1-V equation for 

the single-diode photovoltaic model including the effect of the series and parallel 

resistances, and warranties that the maximum power of the model matches with the 

maximum power of the real array, they present a simple, fast, accurate, and easy-to-use 

modeling method for using in simulations of PV systems. 

In order to validate the MATLAB simulated model of PV array presented in [19), the 

proposed model is based on mathematical equations, to find out the equivalent circuit of 

PV array which includes a photocurrent source, a diode, a series resistance (Rs) and a 

parallel resistance (Rp), The developed model allows the prediction of PV cell behavior 

under different physical and environmental parameters. They presented that the obtained 

results are in good agreement with the simulation ones. The authors in [20) proposed a 

model of a PV array, which uses only parameters given by manufacturer datasheets 
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,ithout the use of any numerical calculation, they suggested that the electrical parameters 

the modules can be changed and it will be different from those given by the 

manufacturer when the PV Array is getting older. Therefore, the behavior of the 

mathematical model of a PV module can't match the real operating conditions. The 

simulated model based on Shockley diode equation to build an accurate PV module. 

An electric model is presented in [21] the electrical model consists of photo-current current 

ource, a single diode junction and a series resistance, and also includes temperature 

dependences, this model is used to investigate the variation of maximum power point with 

temperature and insulation levels. A comparison of buck versus boost MPPT topologies is 

made, and compared with a direct connection to a constant voltage (battery) load. The 

boost converter shows it has a slight advantage over the buck, since it can always track the 

maximum power point. 

A simple inverter consists of one stage single phase was presented in [22] the inverter 

connected with DC -DC converter which integrated the MPPT, also the authors have 

presented, the control approach which based on the current and voltage amplification. They 

show that using two DC/DC converters connected to a common inverter, which has more 

advantages than using centralized DC/DC converter, the designed topology considers a 

suitable for small or large-scale solar power generator. 

In [23] a complete solar power generator system was presented which consists of PY 

panel, an MPPT controller with DC/DC buck converter, and inverter, and cloud generation. 

They developed two systems in this study: first, a centralized MPPT for all PV's and the 

second strings MPPT connected with each panel in the array individually. For each system, 

a best case and worst-case weather scenario were run. The performance of each system 

was observed and compared. The authors investigated that the performance of distributed 

MPPT is better than the centralized one in the cloudy weather situation but in the sunny 

day there is no difference between the two systems. 

Two MPPT algorithms developed in [24] used to control a high efficiency of DC-DC 

converter, the MPPT algorithms were used are Incremental Conductance (INC) method 

and Perturbation and Observation (P&O) method are applied to the converter. The 
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simulation results of 3kW PV array together with the converter show that the P&O method 

is more appropriate than the INC method because it gives a higher speed and accuracy of 

system performance. 

In [25] the authors have presented a low-cost implementations of the P&O maximum 

power point tracking algorithm, they developed a new method to limit the negative effects 

of P&O algorithm which are, at steady state, the operating point oscillates around the MPP 

giving rise to the waste of some amount of available energy, also the P&O algorithm can 

be confused during those time intervals characterized by rapidly changing atmospheric 

conditions, they suggested that the P&O MPPT parameters must be customized to the 

dynamic behavior of the specific converter adopted in order to avoide the negative effects 

of P&O algorithm. 

In [26] the authors implemented several MPPT algorithms to evaluate the best 

performance among the most commonly used of MPPT techniques, making meaningful 

comparisons with respect to the amount of energy extracted from the photovoltaic panel 

tracking factor (TF) in relation to the available power. The experimental results are 

presented for conventional MPPT algorithms and improved MPPT algorithms named IC 

based on proportional-integral (PI) and perturb and observe based on PI, finally the table 

of comparison showed that the P&O algorithm has a simple circuit implementation, good 

accuracy, and good tracking factor. 

In [27] the authors developed a photovoltaic simulation system with MPPT function using 

Matlab/Simulink software in order to simulate and evaluate the behaviors of the real 

photovoltaic systems. After that, a DC/DC buck-boost converter with two different MPPT 

algorithms established and simulated. The research found that P&O algorithm possesses 

faster dynamic response than INC algorithm owing to its simple judgment procedure in 

every perturbing period. 

All these recent works aimed of modeling a PV System by using MATLAB simulated 

package, and mathematical equations were used for modeling a single solar cell, in [2], 

[20] the authors neglecting the parallel resistor and series resistor of solar cell, but in [ 4], 

[11, 18, 19, 23, 24] the authors take in their consideration Rs and Rp and they highlighted 
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