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ABSTRACT

This thesis gives the whole idea and theme of the “M.P.P.T Battery Charger for P.V
Panels” to the reader. Solar power is becoming most important form of power
technology that will hopefully lead us away from depending on exhaustible energy
sources. We explained how exactly we can use the simple yet effective controller for
the solar panel in order to track the maximum power. We also provided the modeling
techniques used for its development and application. Being a Maximum Power Point
Tracker (MPPT), we could follow various MPPT algorithms and control methods but
we have used Perturb & Observe method which best suits for simple implementation.
PROTEUS and MATLAB Simulink are used for the simulation which is a helping hand
in hardware implementation. Complete designing procedure and hardware
implementation is explained in the report for better understanding the operation of
charge controller. The results and verifications done in the report explain the validation
of the project made. Hence, the report explains the overall design, modeling and
implementation of a MPPT Charge Controller to enhance the efficiency of solar panel
and to utilize the solar power in the best way we can.

School of Engineering, University of Management and Technology Page 6



Table of Contents

Chapter 1: Introduction 11
1.1 Problem Statement 13
1.2 Objectives 14

Chapter 2: Literature Review 15
2.1 Solar Panel 15

2.1.1Solar Panel Phenomenon 15

2.2. Efficiency 15
2.3. V-1 Characteristics 16
2.3.1. Irradiance 16
2.3.2. Temperature 18

2.4. DC-DC Converters 19
2.4.1. Buck Converter 19
2.4.2. Boost Converter 19
2.4.3. Buck Boost Converter 20

2.5. Maximum Power Point Tracking (M.P.P.T) 21
2.6 Factors for Selecting MPPT Algorithm for an Application 21
2.7. Implementation 21
2.8. Number of Sensors 21
2.9 Multiple Local Maxima 22
2.10 Costs 22
2.11. Applications 22
2.12 Comparison between Different MPPT Algorithms 23
2.13 Perturb and Observe (P&O) 23
2.14 Incremental Conductance 25
2.15 Lead Acid Battery 26
2.15.1 Advantages of Lead-Acid Battery 26
2.15.2 Charging and Discharging Mechanism of Battery 26
2.15.3 Charge Characteristics 27
2.15.4 Discharge Characteristics 27
2.15.5 Battery state of Charge 27
Chapter 3: Theoretical Design Procedure 28

School of Engineering, University of Management and Technology Page 7



Chapter 4: Hardware Design 31

4.1 Specifications 31
4.2 System Level Block Diagram 32
4.3 Micro-Controller 33
4.4 Current Sensors 34
4.5 Voltage Sampler 35
4.6 Indicator LEDs and Push Buttons 36
4.7 5V Regulator 37
4.8 Switch Driver 38
4.9 Buck Converter 39
4.10 System Integration 41
Chapter 5: Component and Cost 43
Chapter 6: Testing and Evaluation 45
6.1 Test Setup 45
Chapter 7: Results and Error Analysis 47
7.1 Results 47
7.2 Power Supply 48
7.3 Panel 50
Chapter 8: Difficulties Faced 52
8.1 Designing Problems 52
Chapter 9: Manufacturability, Usability and Sustainability 4
9.1. Manufacturability 54
9.2. Usability 54
9.3. Sustainability 55
Chapter 10: Future Development 56

School of Engineering, University of Management and Technology Page 8



Chapter 11: Societal Issues 57

11.1 Ethical 57
11.2 Social 57
11.3 Economical 57
11.4 Health & Safety 57
Chapter 12: Conclusion 58
References: 60
13.1 Website References 60
13.2 Books and Articles References 60
Bibliography: 61
Appendices: 62
Appendix A: Complete Circuit 62
Appendix B: Mat Lab Simulation 63
Appendix C: Coding 65

School of Engineering, University of Management and Technology Page 9



List of Figures

Figure 2.1: 1V curve of PV Panel .........ccooveveviniciecee e, Error! Bookmark not defined.
Figure 2.2: P-V curve of PV Panel ... Error! Bookmark not defined.
Figure 2.3: Temperature effect on P-V CUIVe .......cccccvevvevevierieennn, Error! Bookmark not defined.
Figure 2.4: Buck Converter EqQUIivalence..........ccoeveeveveevevesieennns Error! Bookmark not defined.
Figure 2.5: BOOSt CONVEIET.......ccueveiriirieeierienieneeeeeeeee e Error! Bookmark not defined.
Figure 2.6: BUCK-B0OOSt CONVEITEN .........ccveviieeeeienieeeesieseeere e Error! Bookmark not defined.
Figure 2.7: Different M.P.P.T Algorithms.........cccccoevvevvnvecerennnnns Error! Bookmark not defined.
Figure 2.8: P & O AlgOrithm ........c.oovvvirieiieeeeeeee e Error! Bookmark not defined.
Figure 2.9: Lead-Acid Battery Chemistry .........cccocvevvevvnvecerennnnns Error! Bookmark not defined.
Figure 3.1: Load effect on M.P.P......coooveieieceeeeeceeees Error! Bookmark not defined.
Figure 3.2: Suitable AlGOrithms.........cccccvvevieeviiecie e Error! Bookmark not defined.
Figure 3.3: P & O Method (EVanczuk) ...........ccecuevveveveneecieniennnnns Error! Bookmark not defined.
Figure 4.1: Over All SYStEM .....ccvceecereeeeieeeeeere e Error! Bookmark not defined.
Figure 4.2: System Block Diagram..........ccccceeeeveenieeieienieeciesieenens Error! Bookmark not defined.
Figure 4.4: Micro-Controller Specifications...........c.cceccevvrvevennee. Error! Bookmark not defined.
Figure 4.3: AIMEJA 8 .....ocveeieeeeeeeee et Error! Bookmark not defined.
Figure 4.5: Current Sensor CirCUIt........cccoveeveveeeececieeiece e, Error! Bookmark not defined.
Figure 4.6: Resistances & Op AMP........ccocevivceececeeeese e, Error! Bookmark not defined.
Figure 4.7: Simple Circuit of Voltage Sampler ........c..ccccvveuvennnnee. Error! Bookmark not defined.
Figure 4.8: L.E.D CirCUIL......cccoeveiitieieieceeieceeteeee et Error! Bookmark not defined.
Figure 4.9: Voltage Regulator Circuit ..........cccoeceeverenceeneneeeenene Error! Bookmark not defined.
Figure 4.10: 7805 RegUIALON ........cceeeeveeiieeieciecteeece e Error! Bookmark not defined.
Figure 4.10: Switch Driver CirCUit .........ccoccveveeeecieceeeeeceerene Error! Bookmark not defined.
Figure 4.11: BUCK CONVEIEN ....c.eovvieeieierieeieie e Error! Bookmark not defined.
Figure 4.12: IRF 3205 SPECS. ..ecveiveeererecteeiecieereeie e et ene e Error! Bookmark not defined.
Figure 4.13: Buck Converter CirCUit ........ccceveveevieveeieerieceeeenene Error! Bookmark not defined.
Figure 4.14: Complete Integrated Circuit of Charger..................... Error! Bookmark not defined.
Figure 5.1: Components COSt .......ccccveverieevieneneeiece e Error! Bookmark not defined.
Figure 5.2: Bill of Solar Panel ............cccoveveiiieeeceeeeeceeee, Error! Bookmark not defined.
Figure 5.3: Bill Of Battery.......cccooveveeeveeiere e Error! Bookmark not defined.
Figure 6.1: TeSting CirCUIt......c..ccuevveiririnererereeeeeeeeeee e Error! Bookmark not defined.
Figure 7.1: MPPT sweep at OSCIllOSCOPE........ccovevveveieerenirienne Error! Bookmark not defined.
Figure 7.2: Results using Power SUPPIY .....c.cccvevveveeceerenieceseeenns Error! Bookmark not defined.
Figure 7.3: Results using PV Panel .........cccoeveveveneininenenee Error! Bookmark not defined.
Figure 8.1: Temperature effect on I-V CUIVe........c.ccecvevveneriennene. Error! Bookmark not defined.
Figure 8.2: BUINEt DESIGN ......ccveviiieieieseeeeie et ae e eenns Error! Bookmark not defined.
Figure 9.1: Solar Tube Well ........ooeeereeeeeeeeeeeee e Error! Bookmark not defined.
Figure 9.2: Uses of the charger ..o Error! Bookmark not defined.

School of Engineering, University of Management and Technology Page 10



