BUSITEMA
@ UNIVERSITY
Puwrsuwng excellence

FACULTY OF ENGINEERING AND TECHNOLOGY
DEPARTMENT OF ELECTRICAL ENGINEERING
FINAL YEAR PROJECT REPORT

DESIGN AND CONSTRUCTION OF A BUCK-BOOST SOLAR
CHARGE REGULATOR FOR CHARGING VARIOUS
BATTERY CAPACITIES

By
OTIMGIU COSMAS
BU/UG/2021/0022
Tel: 0766942943
Email: otimgiucosmas@gmail.com

SUPERVISORS: ENG. GEORGE KILAMA AND ENG. JENSEN
NDUHUURA

A final year project report submitted to the Department of Electrical Engineering, Faculty of
Engineering and Technology in partial fulfillment of the requirement for the award of the
Bachelor of Science in Electrical Engineering of Busitema University.

MAY, 2025.






DECLARATION
I OTIMGIU COSMAS do declare that this project report is piece of work that has been generated

out of my own efforts and has never been presented to any institution or published for any academic

award.

OTIMGIU COSMAS

B o
Signature: Ly .Date ...17.../...11...... /...2025



APPROVAL
I OTIMGIU COSMAS, submit this final year project report to the Faculty of Engineering and

Technology in the Department of Electrical Engineering for examination with approval of my

supervisors.

ENG. JENSEN NDUHUURA
s

Signature: ........ R Date: ........ 13706 /2025

DEDICATION
I dedicate this project report to the Almighty God who has always been with me and to my parents

for their endless courage and support towards me during this academic journey.



ACKNOWLEGMENT
I would like to begin by expressing my heartfelt gratitude to the Almighty God for preserving my
health and strength throughout this academic journey. I am profoundly thankful for the blessings

in my life, recognizing that I could not have successfully completed this project without His

unwavering guidance and protection.



My sincere thanks extend to the Electrical Engineering department of Busitema University for their
invaluable support and mentorship. I am genuinely honored to have had the opportunity to learn
from such seasoned and knowledgeable professionals. Their dedication to imparting various
knowledge and skills to us has left an indelible mark, and I am confident that these knowledge and

skills will be of immense significance in my future endeavors.

I am also deeply indebted to my dear supervisors, ENG. GEORGE KILAMA and ENG. JENSEN
NDUHUURA for their invaluable guidance and support throughout this project.

Special appreciation to my parents, siblings, and friends for their unwavering encouragement and

assistance during this academic journey.

TABLE OF CONTENTS

DECLARATION ..ottt s s i
APPROVAL ..ot i
DEDICATION ...ttt ettt ettt ettt sbe ettt sae ettt e saeeneenbeeanesaeens 111
ACKNOWLEGMENT ..ottt v
LIST OF FIGURES ..ottt e s s ix



LIST OF TABLES ...ttt ettt et et X

LIST OF ACRONYMS ..ottt ettt ettt ettt et sttt et e e st s aeense e st e sseenseensesseenseeneesnnas Xi
ABSTRACT ettt b et s a ettt s ht e bt e st e e bt e bt e ateshe e bt et e ehte et e b enten
xii CHAPTER ONE: INTRODUCTION
............................................................................................. 1

1.1 BACKGROUND ...ttt ettt sttt ettt e st e e entesseenseenaesseenseenseenee e 1
1.2 PROBLEM STATEMENT ..ottt sttt st 2
L3 OBIECTIVES ..ottt ettt ettt ettt e e e s e saeebeestesseensessaenseenseensennnans 2
1.3.1 MAIN ODBJECLIVE. c..cnviiiiiiiiieiieeit ettt sttt ettt ettt et et sbe et sbe e b e nae e 2
1.3.2 SPECITIC ODJECTIVES .uvvieiiieiieeiiieiieeiieeieeeteetteeteeteeseeeeseessaeeseessseesseessseenseessseenseessseessseensens 2
1.4 JUSTIFICATION ...ttt et sttt ettt et sa ettt e satebe e e e saeesaeanseas 2
1.5 SIGNIFICANCE ..ottt ettt ettt e te st e b e e st e sae et e enaesseenseensesseenseenseaneas 2
1.6 SCOPE ..ottt et h et et e s a et e at e bt et eat e bt et e b eatenae et 3
1.6.1 TECRNICAL SCOPE ...vviivvieiiieiieeie ettt et ettt et e s e e esbeessbeensaessbeenseesssaensseenseas 3
1.6.2 GEOZIaphiCal SCOPE. ...eeuviiiuiietieiie ettt ettt ettt et et e et esieeebeesateebeesnaeasnaeenseans 3
1.6.3 TAIMIE SCOPE ..eeuveentieiieeiteeite ettt e et et e et e sttt et e esate e bt e s steeabeesaseenbeasaseenseesabeanseasnseensseenseenneeenne 3
1.6 CONCEPTUAL FRAMEWORK ......ooiiiiiiiiiiiieiees ettt 3
CHAPTER TWO: LITERATURE REVIEW .....ccoiiiiiiiiiiiieeeeeee et 4
2.1 TNEFOAUCTION ..ottt ettt ettt et e st ebeesab e e bt esabe e bt e snbeeaseesnseenseasnseenseesnseas 4
2.2 Solar charge CONIONIETS ......cc.eviiiiiiiiie et et e e e et e e ebee e s enseeeneeas 4
2.2.1 PWM (Pulse Width Modulation) Solar charge controller ...........cccceevveeeviieenciieeiee e, 4
2.2.2 MPPT (Maximum Power Point Tracking) Solar charge controller. .............ccccceeviiriirennnnnne. 4
2.3 Maximum Power Point Tracking algorithms. ...........cccccvieiiiiiiiiieiece e 5
2.3.1 Incremental conductance (IC) .........oooviiieiiii et 5
2.3.2 Constant VoItage (CV) couueiiiieieeieee ettt ettt sttt et aae e e s b e ennas 5
2.3.3 Perturb and 0bSEIVe (P&O) ...cuuvieiiieeiieeee ettt 6



2.3.4 Comparative analysis of the Common MPPT algorithms. ..........cccceevvieviiiiniieicieeiee e 6

2.4 DC-DC CoNnVerter tOPOIOZIES ......eevviieeiiieeiiieeieiesieeesteeesreeesiveeeareesseeesseeessseeessseesssseeensseeens 7
2.4.1 BUCK CONVEITETS. ..ceuttiutieiiertieieeiiesieete ettt ettt st ettt e st e bt sitesaeesbeeatesbeensesstesbeenbeeseesanesaeennens 8
2.4.2 BOOSE CONVETTETS .....veeeuiiiieiiieeeiieeeiiee ettt e ettt e ettt e sttt e sttt e sttt e sabeeesabeeesnteeeaateesbaeeenabeeenaneeas 8
2.4.3 BUCK-BOOSt CONVETTETS. ......eiitiiiuiietiieitieiie et te ettt et e bt e st et e st e et e siteenbeesateenbeesseeenbeenaeeans 8
2.5 EXISTINE SYSTEIMIS. ..ceuvietieeuiieiierieeteentieeteestteeteesseeeseesseeesseenseessseesseessseenseessseeseesssesnsseenseenssennns 9
2.6 DEVElOPEA SYSIEIM .....eiiciiiiiiiiecciie ettt ettt e e te e et e e st eeesbee e saeeessbeeesaeeesaeeesaeeennreeennreeens 9
CHAPTER THREE: METHODOLOGY ...cootiiiiiieiieieeiestteie ettt 10
3.1 INETOAUCTION ..ttt ettt et e bt et e ea e be et e eaeesneenbeennesnnens 10

....................................................................................................................................................... 10
3.1.1 Developing the system’s block diagram .............cccocciieiiiiiiiiiiniieee e 10
3.1.2 Developing the system’s flow Chart ............cooiiiiiiiiiiii e 11

3.1.3 Choosing and implementation of a suitable MPPT algorithm with the DC-DC buck boost 12

3.2 Design of the output voltage and current selection CIrCUItTY. ........cceeveeeriierieeiiienieeieeiieeaenn 13
3.2.1 Designing separate charging channel for each battery ..........cccoocevviniinniiniiniininiceee, 13
3.2.2 Integrating Safety and Protection Features. .........ccovvvviiiiiiiiiiniiieeiieeeeeeeeeeee e 13
3.2.2.1 Overcharging protection and over discharging protection ..........c.cceceeveeverieneenieneenneenn 13
3.2.2.2 ReVerse flOW PrOtECHION .......ccueeiiriiirieriiiiiieieeitente ettt ettt sttt et s 14
3.2.3 System’s simulation and deSIZN .......c.ceevvieeiiiiieeiiieeie et 14
3.2.3.1 POWET SOUICE ...coiniiiiiiiiiiiieeee ettt ettt ettt sbte e st e e s e s 15
3.2.3.2 Buck-Boost CONVEITEr CITCUIL ......evuiiiiriiiiieiieiieieeie ettt sttt 15
3.2.3.3 VOItaZE SENSING ...ccuvvieeiiieeiieeeiie ettt eiee et e eteeesteeesaaeeesaeeesaeeesaseesssaeesssaeessseeesssseenssens 17
3.2.3.4 CUITENE SENSING ...veeenivieiiiieeiieeeitee ettt e et e e streesteeestaeessaeeessseeessseeassseeensseeasseesssseesssseesnnses 17
3.2.3.5 Microcontroller Unit (ATMEGA328P = Ul) ...ooiiiiiiiiiiecieeeeeeeeeee e 17
3.2.3.6 The channels for the different battery capacities. .........ccoeeeeriieiieniieiiierieeeece e 18

Vi



3.2.3.7 LCD Display (LMOTOL = LCDLY «.ovveoeeveeeeeeeeeeeeeeeeeseeseesseeeesseeeeseessssseesseseeessseesesseens 19

3.2.4 The System’s PTOtOLYPE ...veeeeriiiiiieiciieeciee ettt se e tee e tee e ve e e saveeetaeeesaeeesaeesnsaeesnneas 19
3.3 Verification of the performance of the developed System. ........cccceecveerieiiiienieeiienie e 20
3.3.1 Testing and Validating MPPT Functionality ...........ccccceeeviieeiiieeiiieeeeeeee e 20
3.3.2 Evaluating the system’s protection meChaniSms ..........c.cccecveeerireeriieeeiieeeiieeeieeesreeeevee s 21
3.3.2.1 Overcharging ProteCtION .........ccveeecuieeriieeeiieeiteeeetreeestteestaeeseeeesbeeessaeessseeessseesssseesnnseens 21
3.3.2.2 Over diSCharging ProteCtION .........cceccueeruieriieriieeieerite et eieeeteeieeebeebeessreeseeseaeenseessseensnes 21
3.3.3 Evaluating Multi-Battery Charging .............cccoocieiiiiiiiriieieeeeee et 21
CHAPTER FOUR: RESULTS AND DISCUSSIONS ......ooiieieiieiteieeeeie et seeens 22

4.1 Implementation of a DC-DC buck- boost converter based on maximum power point tracking.

....................................................................................................................................................... 22
4.2 Output voltage and current selection Circuit deSIZN. ........ccvevuveeriierieeiiienieeieeree e eee e 22
4.3 Verification of the performance of the developed system. .........cccccoeeiiiiiiiiiniiininiicieee 23
4.3.1 Verification of the MPPT functionality. .........cccocveriieiiiniieiiieeie et 23
4.3.2 Verification of the system’s protection mechaniSms. .........cccccveeeevveeriieeeiieeniiieenieeeeee e 25
4.3.2.1 Overcharging Prot@CtION. ........cccvueeeriieerieeeiieeeiieeesieeeeieeeseeeesbeeessseeessseeessneesnsseessssesssnnes 25
4.3.2.2 Over diScharging ProteCtiON ..........coceeveerueriierieeiieneenieete sttt sttt ettt st ene 26
4.3.3 Verification of the Multi-Battery Charging ...........ccccoeeviieriiieniiieeiie e 27
CHAPTER FIVE: CONCLUSION AND RECOMMENDATIONS .......coooiiiiiiiiieeeeeeeeene 28
5.1 CONCIUSION ..ttt ettt ettt ettt et et e et e s et e eabeesaeeeabeesseeeaseeseeenbeenseesnseeseesnseenseas 28
5.2 RECOMMENAATION ....eiuiiiiiiiiiieeiieeite ettt ettt ettt ettt et esat e e bt e saae e saaeeaeeas 28
REFERENCES ...ttt ettt ettt et e bt et e e st e st e enaeeneanseenseensesneans 30
APPENDICES ...ttt et h ettt e b et sbe ettt et eaeeaes 34
Appendix 1: Arduino MPPT algorithm code ..........ccoovviieiiiieiiieeieeeeeeecee e 34
Appendix 2: Overcharge and Over discharge code ..........cccoevuiieiiiieiiieeiieecee e 35
Appendix 3: The System’s Circuit dia@ram ...........cceeecuierieeiiienieeiiieie ettt e 38



LIST OF FIGURES

Figure 1: Conceptual framewWork ...........ccocoiiiiiiiiiiiiieiiicieece e 3
Figure 2: The system's block diagram ............cccoeviierieiiiiinieeiieiecie et 10
Figure 3: The system's flow Chart ...........cooouiieiiiiiiiiicce et 11
Figure 4: The voltage divider circuits and the charging channels for the batteries ...................... 13
Figure 5: The system's SIMULAtION ........eeeiviieiiiiiiiie ettt e e aeeeree e s aee e seaeeeeereeeens 15
Figure 6: The Solar PANEl .........ccoviiiiiiiiiieee e e rae e b e e eanee e 15
Figure 7: Buck DOOSt CONVEITET CITCUIL.....eeivieiieeiieeiieiieeieeite ettt ereeiee e saeeeveesaeeenseessaeeneees 16
Figure 8: The PWM signal for controlling the switching MOSFET .........cccccoeiiiiiiieenieecieee, 16
Figure 9: ACS712 CUITENE SENSOT .....veeuiieiieriieeieeniieetienieeeteesereeseessseeseessseesseesssessseessseesseessseensns 17
Figure 10: The ATmega328p mMiCrOCONIIOILET .....cocuviiiieiiieiieciie ettt ebe e e 18
Figure 11: LCD diSPlay CITCULL .....eevueiiiieiiieiieiie ettt ettt ettt ettt e seee e e saae e e 19
Figure 12: The system's PrOtOLYPE ...cccuveeuieiieiiieiieetie ettt ettt ettt e e e e e 20
Figure 13: The charging voltages of the batteries ...........ccooviiiiiiiiiiii e, 22

Figure 14: The charging voltages of the batteries when the input voltage was increased to test for
OVET dISChATEE PIOLECTION. ....eiiiiiiiiieiieiie ettt ettt ettt et e ettt e st e e bt e eabeesaeeenseens 25

Figure 15: The charging voltages when the input voltage was reduced to test for over discharge

L0151 5 ) 4 PSSP 26
LIST OF TABLES

Table 1: Over charge and Over discharge threshold voltages. ...........coceoirviniininiinininicneene, 14
Table 2: Test conditions and the corresponding solar panel's voltage and current ....................... 23

Table 3: Output voltage and current to different battery channels under different test conditions

....................................................................................................................................................... 24
Table 4: LCD display voltages and Multimeter readings of the battery charging voltages ......... 27
LIST OF ACRONYMS

DC: Direct Current

SDG: Sustainable Development Goal

PV: Photovoltaic System

PWM: Pulse Width Modulation

MPP: Maximum Power Point

viii



MPPT: Maximum Power Point Tracking

P&O: Perturb and Observe
CV: Constant Voltage
MOSFET: Metal Oxide Semiconductor Field Effect Transistor
ADC: Analog-to-Digital Converter
LCD: Liquid Crystal Display
EV: Electrical Vehicle
ACS: Analog Current Sensor
IC: Incremental Conductance
O/1: Output and Input
I-v: Current-Voltage
P-V: Power-Voltage
ABSTRACT

The growing demand for renewable and sustainable energy solutions has created a demand for
efficient and flexible systems for harnessing solar energy. This project presents the development
of an efficient and flexible solar charge regulator capable of charging various batteries with
different capacities at the same time using one unit. The system incorporates buck-boost converter
topology that step downs and steps up the input voltage to match the requirements of the batteries
being charged. The system also integrates Maximum Power Point Tracking (MPPT) algorithm that
is Perturb and Observe (P&O) method using an ATmega328P microcontroller to maximize the
power extracted from the solar panel under various environmental conditions. The system is
equipped with current and voltage sensors to monitor the system’s parameters and an LCD display

that display charging voltages of the batteries and the current of the load connected to the system.



It also employs Pulse Width Modulation technique (PWM) for efficient control of the power
conversion process. Overcharge protection, over-discharge protection, and reverse current flow
protection were integrated to ensure safe charging of the batteries. The system was simulated using
Proteus software to validate the performance of the system and the design was validated by testing
with both lead-acid and lithium-ion batteries. The outcome indicates the ability of the system to
charge batteries of different capacities using solar power effectively, making it suitable for offgrid

systems, rural electrification, and for applications like Electrical Vehicles (EV) charging.
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