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ABSTRACT

DEVELOPING A MPPT CHARGE CONTROLLER FOR SOLAR
PHOTOVOLTAIC SYTEM WITH IMPROVED PERTURB AND OBSERVE
ALGORITHM

By

Bagas Sinar Bintang

Erikson Ferry S. Sinaga, ST, M.Kom

SWISS GERMAN UNIVERSITY

The purpose of this thesis is to design and develop a MPPT charge controller using
ZETA converter with improved perturb and observe algorithm for solar photovoltaic

system. The measurements of the parameters will be sent to a website.

This thesis project is focusing on the performance of MPPT charge controller by using
ZETA converter which is not a common converter and with improved perturb and
observe algorithm that is capable of wireless monitoring and controlling of solar
photovoltaic system. The ZETA converter is used to regulate the voltage input from the
solar PV module to a voltage level that is needed by the load with minimum loss. The
voltage is regulated by switching of the MOSFET dynamically depending on the state
of the battery with maximum peak power point at that moment. The improved perturb
and observe algorithm produced the maximum power that can be generated from the

solar photovoltaic cell to charge the battery with faster response time.

Keywords: MPPT, PWM, Solar PV Modules, Efficiency, ZETA Converter, P&O,

Perturb and Observe

Bagas Sinar Bintang



DEVELOPING A MPPT CHARGE CONTROLLER FOR SOLAR PV Page 4 of 106
SYSTEM WITH IMPROVED PERTURB AND OBSERVE ALGORITHM

All rights reserved

SWISS GERMAN UNIVERSITY

Bagas Sinar Bintang



DEVELOPING A MPPT CHARGE CONTROLLER FOR SOLAR PV Page 5 of 106
SYSTEM WITH IMPROVED PERTURB AND OBSERVE ALGORITHM

DEDICATION

| dedicate this thesis solely for the research and development in renewable energy in

Indonesia.

®

SWISS GERMAN UNIVERSITY

Bagas Sinar Bintang



DEVELOPING A MPPT CHARGE CONTROLLER FOR SOLAR PV Page 6 of 106
SYSTEM WITH IMPROVED PERTURB AND OBSERVE ALGORITHM

ACKNOWLEDGEMENTS

First and foremost, | would like to thank Allah SWT for blessing me with health,

wellbeing, guidance to complete this thesis report.

| would like to express my gratitude to my beloved family; Ayah, Bunda, Paksi and

Ken for their endless support, attention and love.

| would like to thank my one and only advisor, Erikson Ferry S. Sinaga, ST, M.Kom
for his advices and guidance to achieve the thesis objectives. Secondly, | would like to

thank Mr. Yohanes Freddy for his aid whenever a problem is occurred.

Lastly, | would like to thank all of my friends and several people who helped me to

finish this thesis report.

Bagas Sinar Bintang



DEVELOPING A MPPT CHARGE CONTROLLER FOR SOLAR PV Page 7 of 106
SYSTEM WITH IMPROVED PERTURB AND OBSERVE ALGORITHM

TABLE OF CONTENTS

STATEMENT BY THE AUTHOR ......coiiiiiicee e 2
ABSTRACT .ttt sttt e s st et et et b e e e reene e e e s 3
DEDICATION L.ttt bbb bbbttt bbbt 5
ACKNOWLEDGEMENTS ..ottt 6
TABLE OF CONTENTS ..ottt sttt 7
CHAPTER 1 — INTRODUCTION .....ooiiiiiiiiieieiie et 13
1l BACKG QLN Ewermswmsmasmmmsmmmsvs S s S TRTRRTR R oot sva v asses oo SHREE 13
1.2 ODBJeCtIVES..........ouru. o i RN ... .. occsnseceeceesesenensenssnsaseneesunnes 14
1.3 ReSArCh ProDIBMS .....ouviiiiiiii st 14
1.4 Thesis Scope... .. ........................... SOSEEEE. .............cccoeenneen ... RONE 14
1.500 Thesis LimitatlOnuiiiiiart. ..o i e etesnnesnnanteee e seeeseeeneeseeesseensessebannas 14
1.6  ThesSiS OrganiZatiON..............c.ccveiviiieiieestesiueseesseseeseesseaseesseesesessesseesseessessaesnes 15
CHAPTER 2 — LITERATURE REVIEW ..uciiiiiiiiiiiiiesiesiesiesie e aenens 16
2.1 IntroGUCHONNTTU.. ......................... (. ..................... A 16
2.2 PhotovoltaiC SOIar SYSEM .......c..iiiiiiiiiiiiiii et 16
2.2.1  PhotovoltaiC SOIar Cell...........coieieieieiiiiiieieieniese s seeee e s 16
2 Characteristics of Photovoltaic Cell [6] ..........ccccoooviiiiiiiiiinnn, 17
2.2.2  BABIY oot 20
25253 <=y DCINSON SN SUCINN 557t 005 B o R B TR s 21
0.2 |« F F W T8 00 N1 | Wl od ¢ F g1 b o 21
2.2.3.2 (b LS SO L IR 71 B S S . O B B B R BN N 2%
48 b v i gyt Rl TR OB ELINLIN D 22
Z2=2:5 SN IR B S el Sy S . L T e R el s e e SN e oo 22
2.25.1 ESP8266 Wi-Fi Based SyStem.........cccccvviiieiiieiiie e 22
2.3 Maximum Power Point Tracking (MPPT) Solar Charge Controller [1] ............ 23
2.3.1  MPPT MEhOU ....c.ooiiiiiiieiiceeee e 23
2311 Conventional Perturb and ODSEIVe ........cccccvevevievevieieece e 23
2.3.1.2 Improved Perturb and Observe Method [7]......c.cccccovviiiviiinnen. 24
2.3.2  ZETA CONVEITEr [3] .oiiiiiiiiiiieieieie et 27
2.3.2.1 ZETA Converter Basic Operation ...........cccoeevevveiiiesiiesieesneenne 27
2.3.3  ThingSpeak and 10T ......ccccuoiiiriiieiee e 29
2.4 PrevIOUS STUTIES ......ooiuiiiiiiieieeie ettt sttt nne s 30

2.4.1  Constructing a Wi-Fi Based MPPT System to Improve and Record the
Performance of Solar PV Module [2].......cccooiiiiiiiiiiiieeesc e 30
24.1.1 MPPT FIOWCHAIT ..o 30
24.1.2 Battery Charging Flowchart...........ccocoviiii e, 31
24.1.3 Result and ConcCluSION .........cccoiiiiiiiiie e 32
2.4.2  Developing a MPPT System for Renewable Energy [3].......cccccevvennne. 33

Bagas Sinar Bintang



DEVELOPING A MPPT CHARGE CONTROLLER FOR SOLAR PV Page 8 of 106
SYSTEM WITH IMPROVED PERTURB AND OBSERVE ALGORITHM

2421 MPPT AIGOrthm ..o, 33

2.4.2.2 Battery Charging Algorithm ..., 34

24.2.3 Result and ConClUSION .........cocveiieiiiie i 35
CHAPTER 3 — RESEARCH METHODS .......cooiiiiiieientese e 36
3.1 SyStem DeSIgN OVEIVIEW ....cc.ecuviiiieiieiiesieesieaiesiee e eeesiee e ssee e ssesseesseessesneesseas 36
3.2 Electrical System DeSIgN .......cccvcvviiieiierieiiese e 37

3.2.1  Photovoltaic Module..........cccoeiiiiiiiiiie e 37

3.2.2  BABIY .o 38

3.2.3  Voltage Measurement DeSign.........ccceieeriniriieresieneene e 38

3.2.4  Current Sensor Measurement DeSign .........cccccvvevveieeiieenesiesieenneenns 41

3.25  ZETA CoNVErter DeSION ...cc.civiiieieeie ettt 42

3.2.5.1 Inductor Calculations ...........ccoceiiiiiiniieieie e 42

3.2.5.2  CapaCitor CalCUlALIONS wiuueuesrerverseruersereneeienienieieesiisiesie e senees 44

3.2.5.3  MOSFET SeleCtion ......cccoeiviiiiiiiiiiniieeieie e 46

3.2.6  Printed Circuit Board Design...........ccoouririmeiiiiiiiiiiice e, 47

3.2.7  Electrical Working PrinCiple ...........ccccovveviiiviiiiiiicee e 47

3.3 Programming SYStEM DESIGN........couriuiiiieiesresisieeiee e 49

3.3.1  MPPT FIOWCNAIT.........ccviiiiiieieisit s 49

3.3.2  Battery Charging FIowchart ....cc.....coooeiiiiniiiiniee, 50

3.3.4  Arduino UN0 R3 ...t eenens 52

3.3.5  ESP8266 Wi-Fi MOUUIE ..eeueeieiesiesie st 53

3.3.6  Logic Shifter 0f 5V 10 3V ... s 54

3.3.7  ThingSpeak as Web Server and Database Server..............c..ccoeuene. 55

3.4 MATLAB SIMUIBTION . ....ciiiiiiiiiiiisisicie i 56
3.4.1  SIMUIINK DIAQFAM ...vieuveiieeireeieieeiteeseeeeesseessessaesssesesseesseesesssessaessesses 56

3.4.2  SIMUIAtION RESUILS .....ceiiieeieiiesieesieeeesteenteaaesreeseesneesneesesneesseensennes 57

3.5 TESHING SrALEQY ....eivieiiieiiiteccie et e et ee e ste e et st et e st e et e et e saeesteeraesraesteaneeareas 58
3.5.1 ZETA Converter Partial Testing with Power Supply.........c..cc.coeouene... 58

EE2 BRIt G- s . . EEEEE .. RN EN N 60

SR 3 I aEROT G S TSI SR GETE. .. B S SR A B B B W B BN 60
GV R SRS S SHANE PSS IO . . . S N 61
Ot R 011 {00 (1T £ o] PSPPSR 61
4.2 EICtriCal RESUITS ......eeeieeieciiece e 61
4.2.1  Printed Circuit BOArd..........ccoviiiiiiiiiiie e 61

4.2.2  Result of ZETA Converter Partial Testing with Power Supply ........... 62

4.3 SYSEEIM RESUILS.....eviiiieiiii ettt eearne s 67
4.3.2  Result of First on-Field TeStiNg.....cccccovvveevieiiievin e 67

4.3.3  Result of Second on-Field TeStiNg ........cccovvririniiiiiesee e, 71
CHAPTER 5 — CONCLUSIONS AND RECOMMENDATIONS........cccovvivnieiennn, 74
5.1 CONCIUSIONS ...uveeiieiiieittee ettt sttt e st e te st e snaenteeseesraenseaneennees 74
5.2 ReCOMMENTAIIONS ....ouiiiiiiiiiieie ettt 75
GLOSSARY oottt ettt re e ne et 76
REFERENGCES ...ttt st ne e na e 77
APPENDIX A — MPPT ELECTRICAL DESIGN .....ccooooiiiiieieieece e 78

Bagas Sinar Bintang



DEVELOPING A MPPT CHARGE CONTROLLER FOR SOLAR PV Page 9 of 106
SYSTEM WITH IMPROVED PERTURB AND OBSERVE ALGORITHM

APPENDIX B — DATASHEET ... 79
APPENDIX C - PROGRAMMING ......ccoiiiiiiiiiii s 89
APPENDIX D — BILL OF MATERIAL ...cooiiiiiie e 104
CURRICULUM VITAE ... 105

Bagas Sinar Bintang



