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ABSTRACT 

 

Solar photovoltaic (PV) systems are distributed energy sources that are an 

environmentally friendly and renewable source of energy. However, solar PV 

power fluctuates due to variations in radiation and temperature levels. 

Furthermore, when the solar panel is directly connected to the load, the power 

that is delivered isn’t optimal. A maximum power point tracking (MPPT) is 

therefore necessary for maximum efficiency. 

This thesis presents a study of MPPT for PV system. The study includes 

discussion of various MPPT algorithms and performs comparative tests of the two 

MPPT algorithms the perturbation and observation (P&O) algorithm and 

Incremental Conductance (INC) under varying irradiation. The application of the 

MPPT for PV water pumping system are described, the modeling and the simulation 

of the PV module and the DC/DC converter is carried out using 

MATLAB/SIMULINK software. 

After that a study of PV water pumping system has been undertaken using DC motor 

coupling with a centrifugal pump. A comparison between the performances of those 

systems with MPPT in terms of PV total power produced is carried out. Results show 

that The INC algorithm shows smother power tracking; less oscillating and better stable 

operation and the implementation of the algorithm is considered to be complex. But 

P&O has oscillator around the MPP However, The P&O algorithm has a fast response 

time and it is not complex and easy to implement. 

Also, results have shown that efficiency of P&O has reached a comparable level to 

that of INC. 

 

 

 



IV  

 

 

 

 

 

 

 

Table of Contents 

 

STATEMENT ................................................................................................................... I 

ACKNOWLEDGEMENTS ........................................................................................... II 

ABSTRACT ................................................................................................................... III 

Tables of Contents ......................................................................................................... IV 

List of Figuers ............................................................................................................. VIII 

List of Tables .................................................................................................................. XI 

List of Nomenclatures ................................................................................................. XII 

CHAPTER (1) .................................................................................................................. 1 

INTRODUCTION ........................................................................................................... 2 

1.1General…………………………………………………………………….....2  

1.2 Overall Trends in Installations andMarket………...……………………..3  

1.3 Photovoltaic History….………………………….…….…………………....4 

1.4 Architecture of PV system…………..……………………………………...4  

1.4.1 Advantage and Disadvantage of PV System…………………..…5  

1.4.2 Theory of operation……………………………………………..... 6 

1.4.3 Types of Solar cell……………………………………………….....6 

1.4.4 Types of Connection Photovoltaic System………………….…….7  

1.4.5 Characteristics of PV array………………………………….…....8 

1.5 MPPT System………………..………………………………………….…...9 

1.6 PV Water Pumping system……………………….………………….……..9 

1.7 Scope of proposal…………………….…………………………….………10 

1.8 Organization of Thesis…………….……………………............................10 

CHAPTER (2)……………………………………………………………………….... 11 

MODELING OF PHOTOVOLTAIC…………………………………………….…..11 

 



V  

 

 

 

 

 

CHAPTER 2 MODELING OF PHOTOVOLTAIC……............................... 12 

2.1Introduction……………………………………………………………...….12 

2.2 Solar Cell Modeling………..…………………………….............................12  

2.2.1 Simplest Model .............................................................................. 12 

2.2.2 More Accurate Model obtainment ............................................... 14 

2.3 PV Module Modeling…………………..………………..............................16 

2.4 Array of Photovoltaic Modeling………….…………………………….....16 

2.5 Using MATLAB Program for Modeling of PV 

Module………………………………………………..............................18 

2.5.1 The light-generated current……………………………………...18 

2.5.2 The Reverses saturation current of diode ................................... 19 

2.5.3 Series and parallel resistance ....................................................... 19 

2.6 Factors Affecting the PV characteristic ………...………………………..21 

2.6.1 Irradiance effect ............................................................................ 21 

2.6.2 Temperature effect ........................................................................ 21 

2.6.3 Reflection effect ............................................................................. 22 

𝐂𝐇𝐀𝐏𝐓𝐄𝐑 𝟑 ................................................................................................................... 23 

𝐌𝐀𝐗𝐈𝐌𝐔𝐌 𝐏𝐎𝐖𝐄𝐑 𝐏𝐎𝐈𝐍𝐓 𝐓𝐑𝐀𝐂𝐊𝐈𝐍𝐆 .................................................................... 23 

3.1Introduction…………………………………………...…………………....24 

3.2 Direct coupling of PV system………………..………………………….... 25 

3.2.1 Resistive-Load Connection ........................................................... 25 

3.3 Literature Review of MPPT Control Algorithms……………………......27 

3.3.1 Open circuit voltage (VOC) .......................................................... 28 

3.3.2 𝐒𝐡𝐨𝐫𝐭 𝐜𝐢𝐫𝐜𝐮𝐢𝐭 𝐜𝐮𝐫𝐫𝐞𝐧𝐭 (𝐒𝐂).......................................................... 28 

3.3.4 Incremental Conductance ............................................................. 29 

3.3.5 P&O Method .................................................................................. 29 

3.3.6 FLC Method ................................................................................... 30 

 



VI  

 

 

3.4 DC/DC Converter………………..………………………………………...30 

3.4.1 Boost Converter ............................................................................. 31 

3.4.2 Analysis of boost converter at the Steady State………………...33 

3.5 Load Matching Mechanism…………………………..…...........................35  

3.6 Pulse Width Modulation……………..……………………………………36 

3.7 Modeling of PV Water …………………………….....…............................37  

3.7.1 System Configuration.................................................................... 37 

3.7.2 Permanent Magnetic DC motor modelling  ................................ 37 

3.7.3 Direct Coupling of the DC motor ................................................. 39 

3.7.4 Centrifugal Pump Load……………………….............................40 

3.8 Analysis of P&O MPPT……..………………………….............................40 

3.9 Analysis of Incremental Conductance(INC)……..……. ………………..43 

CHAPTER (4) ................................................................................................................ 46 

SIMULATION AND RESULTS .................................................................................. 46 

4.1 Design and Simulation of PV water pumping system with                        

MPPT controllers …………………..………...……..............................47 

4.2 PV model simulation and validation …………..…….…………………..48 

4.3 Design of Boost converter……………..………..………………………....49 

4.4 DC motor model (PMDCM)………………………....…………………....50 

4.5 Centrifugal pump load……………………………..……………………...50 

4.6 P&O controller based on MPPT of pumping system………………..…..51 

4.7 Incremental Conductance controller based on MPPT of                     

pumping system………..…………………………………………….....51 

4.8 Simulation results system using the P&O and INC…………………......52 

4.9 P&O simulation Results ……………………………..…………………...53 

4.10 Incremental conductance simulation Results……...…………………...55 

            4.11 Comparisons of P&O and INC Algorithm……..……………………....57 

 

 

 

 



VII  

 

 

 

CHAPTER (5)................................................................................................................ 59 

CONCLUSION AND FUTURE SCOPE………………………………………….....59 

5.1Conclusion………………………………………………………………….60 

5.2 Recommendation for Future Work…………….......................................60 

PUBLICATION……………………………………………………………………….61 

REFERENCE……………………………………………………………………...….62 

APPENDIX…………………………………………………………………………....66 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



VIII  

 

 

List of Figures 
 

 

Fig 1.1 GLOBAL TOTAL SOLAR PV CAPACITY 2000- 2017 .................................. 3 

Fig.1.2 Illustrated photovoltaic system.  .........................................................................  5 

Fig.1.3 hole-electron pairs for PV cell.  ........................................................................... 6 

Fig.1.4 Classification of PV systems.  ............................................................................... 7 

Fig.1.5 full I-V curve of the solar cell. ............................................................................. 8 

Fig.1.6 MPPT system.  ....................................................................................................... 9 

Fig.2.1 equivalent circuit for simplest PV cell.  ............................................................ 13 

Fig.2.2 Equivalent Circuit for Double Exponential PV model.  .................................. 15 

Fig.2.3 Equivalent Circuit Single Exponential PV model.  .......................................... 15 

Fig.2.4 (a) Array of Nser modules series connection, (b) Array of  

Npar modules  parallel connection, and (c) array composed of Nser x 

Npar modules.  ................................................................................................................. 17 

Fig.2.5 Circuit model of the photovoltaic module.  ...................................................... 20 

Fig.2.6 model of PV array.  ............................................................................................. 20 

Fig. 3.1 sun tracking PV module.  .................................................................................. 24 

Fig.3.2 intersection point of the I-V curves for the load and PV.  ............................... 25 

Fig.3.3 direct connection of PV to variable resistive load.  .......................................... 26 

𝐅𝐢𝐠. 𝟑.4 PV system operating points with varying resistive loads.  ............................. 26 

Fig.3.5 fixed load connected to PV at varying irradiance.  .......................................... 27 

Fig.3.6 switching period.  ................................................................................................ 31 

Fig.3.7 circuit diagram of boost converter. ................................................................... 32 

Fig.3.8 boost converter when switch on. ........................................................................ 32 

Fig.3.9 boost converter when switch off ........................................................................ 32 

Fig.3.10 output waveform of boost converter ............................................................... 34 

Fig.3.11 the Photovoltaic observes impedance (Rin) that is adjustable 

by duty cycle. .................................................................................................................... 35 

 

 



IX  

 

Fig.3.12 load resistance with and without boost converter.  ........................................ 36 

Fig.3.13PWM diagram.  .................................................................................................. 36 

Fig.3.14 water pumping system with MPPT.  ............................................................... 37 

Fig.3.15 Model for PMDC motor with Pump load……………..…..............................37 

Fig.3.16 PV I-V curves at different irradiation levels and a DC motor                               

I-V curve…………………………………...………………………………………...…..39 

Fig.3.17 P-V curve of SunPowerE19PV module at 1000 W/m2 and 25 oC ................ 41 

Fig.3.18 P&O flowchart.  ................................................................................................ 42 

Fig.3.19 Divergence P&O from MPP.  .......................................................................... 43 

Fig. 3.20 INC method flowchart.  ............................................................................... …44 

Fig. 4.1 .PV system with MPPT algorithm by 

 MATLAB/SIMULINK ………………………………………………………..……….47 

Fig.4.2 model of PV Panel by SIMULINK………………………………………….....48 

Fig. 4.3 characteristic Output of the simulated PV module……………………….....49 

Fig. 4.4 Simulation model of DC-DC Boost Converter……………………….……....49 

Fig.4.5 Model of permanent magnetic DC Motor………………………………….....50 

Fig. 4.6 Centrifugal pump load by MATLAB/SIMULINK……………………….....50 

Fig. 4.7 SIMULINK model of the P&O controller…………………………………...51 

Fig.4.8 Model of the INC controller…………………………………………….....…..52 

Fig.4.9 changing irradiance at constant temperature 25oC for DC                                

motor pump…………………………………………………………………………......52 

Fig 4.10 Output voltage under different irradiance with P&O………………….......53 

Fig 4.11 Output current under different irradiance with P&O…..............................54 

Fig 4.12 Output power under different irradiance with P&O…..…………………..54 

Fig 4.13 output voltage under different irradiance with INC…..…………………....55 

Fig 4.14 Output current under different irradiance with INC…..………………….56 

Fig 4.15 output current under different irradiance with INC……………………....56 

 

 

 

 



X  

 

Fig.4.16 output power under different irradiance with P&O                                  

algorithm and INC algorithm………………………….…………………………...57 

Fig.4.17 output power under different irradiance with P&O                                  

algorithm and INC algorithm at steady state……………………………….……..58 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



XI  

List of Tables 
 

 No.                                    Title  

3.1              Major characteristics of different MPPT techniques.  

4.1  characteristics data of PV module  

4.2  Parameters of PMDC 

4.3 Parameters of Pump load 

4.4 P&O Simulation Results 

4.5 INC Simulation Results 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



XII  

List of Nomenclatures 
 
 

Symbols 

a, a2 

Nomenclatures 

diode ideality constant 

Units 

AC alternative current  

A1 load friction Nm 

A3 motor friction Nm 

B1 Damping Nm.s.rad
-1

 

C boost capacitor Farad 

CdTe cadmium telluride  

CE change of error  

CIS copper indium diselenide  

Cmin minimum value capacitance farad 

C1 diode constant  

D duty cycle  

E error  

FLC fuzzy logic controller  

fs switching frequency Hertz 

G irradiance W/m
2
 

Gn nominal solar irradiation W/m
2
 

I PV current A 

Ia output current of boost converter A 

Id diode current A 

Im current source  

Imo armature current A 

Imp current at MPP A 


