Contents

1 Introduction and Background of PV Systems. .................. 1
1.1 Concept of Research Work. . .......... ... ... ... ... ... .... 1
1.2 Energy Situation in Egypt .. ...... .. ... .. ... ... .. ... ... 3
1.3 Solar Energy Resource in Egypt. . ......................... 3

1.3.1 Photovoltaic Applications in Egypt. . ................. 5
1.4 Rooftop Photovoltaic System Technology ................... 5
1.5 Photovoltaic Systems Overview . .. ........................ 6
1.5.1 Stand-alone Systems.............................. 7
1.5.2 Grid-Connected Photovoltaic Systems. . ............... 7
1.5.3 The Photovoltaic Cell/Module/Array. ................. 8
1.5.4 Power Conditioning Units. ... ...................... 10
1.6 Connection Topologies of Photovoltaic Systems . ............. 12
1.6.1 Centralized Topology . ........ ... ... ... ... ... .... 12
1.6.2 Master—Slave Topology. .. .......... ... ... 12
1.6.3 String Topology .. ..... ... .. .. .. 13
1.6.4 Team Concept Topology. ... ............. ... .. ... 14
1.6.5 Multi-String Topology . .......... ... ... ... ... .... 14
1.6.6 Modular Topology .. ........ ... ..., 15
1.7 Book Motivation. . .. .......... ... .. 16
1.8 Research Objectives . .. ........... i, 16
1.9 Book Outlines and Organization. ... ....................... 17

2 Literature Review . . ....... ... .. ... ... .. ... . 19
2.1 Introduction .......... ... ... .. .. .. 19
2.2 Review of Related Work . ........ .. ... ... . ... ... .. ... 19

2.2.1 Design and Sizing of Photovoltaic Systems ............ 20
2.2.2 Power Quality Improvement of Grid-Connected

Photovoltaic Systems . ............................ 22
2.2.3 Small-Signal Model of DC-DC Converter . ............ 25



vi

3

5

Contents
Optimum Design of Rooftop Grid-Connected PV System ......... 27
3.1 Introduction . .......... ... ... 27
3.2 Site Description ... ... 28
321 LoadData......... ... ... 28
322 Climate Data. . ......... ... . .. i, 31
3.3 Methodology . ... ..o 31
3.3.1 Radiation on Tilted Surfaces........................ 31
3.3.2 Mathematical Modeling of PV Module/Array . .......... 35
3.3.3 Calculation of Optimal Number of PV Modules. ........ 36
3.3.4 Optimal Orientation and Arrangement of PV Modules . . .. 38
3.3.5 Economic Feasibility Study. ........................ 38
3.3.6 GHG Emissions Analysis . ......................... 40
3.4 Applications and Results .. ....... ... .. ... .. .. .. . ... 40
34.1 Scenario No. 1 ... ... ... . 41
342 Scenario No. 2 . ... .. 47
3.4.3 Economic Study Calculations . . ..................... 64
344 GHG Emissions Reduction . ... ..................... 70
Power Quality Improvement of PV System. . ................ ... 73
4.1 Introduction ........... .. ... 73
4.2 Proposed System Description . .. .................o ... 74
4.3 Modeling of Proposed System .. .......................... 74
4.3.1 Modeling of Photovoltaic System ... ................. 74
4.3.2 Modeling of DC-DC Boost Converter . ............... 75
4.3.3 Modeling of Voltage Source Inverter ... .............. 76
434 LCFilter Design........ ...t ... 82
4.4 Simulation Results and Discussion. .. ............. ... ...... 84
Small-Signal MATLAB/Simulink Model of DC-DC Buck
Converter. . ... .. 97
5.1 Introduction .......... ... .. .. 97
5.2 Methodology . ......... i 98
5.2.1 Modeling of DC-DC Buck Converter. . ............... 99
5.2.2 Steady-State Solution of DC-DC Buck Converter
Model . ... 101
5.2.3 Perturbation and Linearization of DC-DC Buck
Converter Model. . ......... ... ... .. .. .. ... ... 102
5.24 Canonical Circuit Model . . . .......... ... .. .. .. ... 106
5.3 MATLAB/Simulink Implementation. ... .................... 107
5.4 Simulation Results .. ....... .. ... .. ... . . 109
5.4.1 Case 1: Step Change in Input Voltage and Load ........ 109
5.4.2 Case 2: Level Changing in Input Voltage
with and Without Load Changing. ................... 111
5.4.3 Case 3: Variable Input Voltage with Ripples
with Load Changing . . ........ .. ... ... .. ... ..... 113



Contents vii

6 Conclusions and Recommendations for Future Work ............ 115
6.1 Discussions and Conclusions .. ........................... 115
6.2 Suggestions for Future Work ... ... ... ... .. L L. 116

Appendix A: Generated Output Power . . ......................... 117

Appendix B: MATLAB/Simulink Models . . ....................... 123

Appendix C: Operation of Voltage-Source Inverters . ............... 125

Appendix D: SimElectronics® MATLAB Toolbox Overview. . ........ 129

References . . . . ... . . . 131



2 Springer
http://www.springer.com/978-3-319-47463-2

Design and Power Quality Improvement of Photovoltaic
Fower System

Elbaset, AA; Hassan, M.5,

2017, XX, 138 p. 91 illus., 77 illus. in color., Hardcover
ISBN: 978-3-319-47463-2



	Contents



