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ABSTRACT

Scarcity and contamination pose significant challenges to sustainable development,
necessitating innovative solutions for efficient water management This project focuses
on the design of a smart rainwater harvesting, control, and treatment system,
incorporating real-time monitoring and thermal treatment. A review of existing
technologies highlights the effectiveness of sensor-based automation, thermal
sterilization, and filtration in improving water quality. The system is developed using
water level and quality sensors, an Arduino Mega microcontroller, heating elements,
and a filtration unit, with data displayed on an LCD and logged for analysis. The
methodology involves testing the system’s response to varying water quality
parameters, with temperature thresholds optimized for microbial elimination. Results
demonstrate a significant Water improvement in water purity post-treatment, with
efficiency exceeding 80% in most trials. The economic analysis confirms the system's
feasibility, with a projected payback period of less than four years. This solution
presents a scalable and cost-effective approach to enhancing water security in urban

and rural environments. (rainwatermanagemen, 2025).



DEDICATION

I dedicate this report to my parents who have always supported me in every step I take
and continuously encouraged me through various situations I also extend this
dedication to my fellow classmates who challenged me to broaden my knowledge and

improve the quality of this project.

Finally, with deep appreciation. I dedicate this work to the staff and department of
electrical and electronics engineering, Busitema University, for granting us the
opportunity to undertake innovative projects and supporting me in successful execution

of this final year project

i



ACKNOWLEDGEMENT

I take this opportunity to thank the almighty GOD for the gift of life, good health and

the ability to research and gather information that is integrated in this report

I am deeply indebted to my dear supervisors: Mr: George Kilama and Ms: Patience
Tusiimire for the time, support, guidance, knowledge, and advice provided to me. May

the almighty reward you abundantly.

il









Table of content

Contents
ABSTRACT ...ttt et ettt et sttt et ettt et e bt enaeeaeeees i
DEDICATION ...ttt sttt sttt ettt et be et st e st e b eneesaeenee i
ACKNOWLEDGEMENT ....coiiiiiiiiiieee ettt iii
APPROVAL ..ttt ettt ettt et ettt s seesbeente s v
DECLARATION ...ttt ettt sttt ettt sae e v
Table Of CONTENL .....oeiiiiiiieiie et vi
LSt OF TADIES ... ettt X
LSt Of fIUIES .ottt ettt ettt et et et e st Xi
LIST OF ACRONYMS ..ottt ettt sttt et e naesnaeneennas Xii
CHAPTER ONE ...ttt ettt 1
1.0 INTRODUCTION .....oiiiiiiiitiieeiteteent ettt sttt st 1
1.1 BACKGROUND.....cotiiiiititieteieeest ettt sttt s 1
1.2 RESEARCH GAP ... 2
1.3. PROBLEM STATEMENT ......ccooiiiiiiiiiieeee et 2
1.4, ODJECHIVES ..ottt e e e et e e et e e snbeeeeeneeennnes 3
1.4 1. Main 0bjJeCtiVe.........cccviiiiiiiiiiicieeeeeeee et 3
1.4.2. Specific 0DJeCtiVes ..........cccueveiiiieiiiiceeeeeee e s 3
1.5. Justification of the StUAY ......ccceeeiiiiiiiiieie e e 3
1.6. Significance of the StUAY .......cceeeriiieiiieee e 3
1.7. ScopPe Of the STUAY ...eeeviieiieeie et s 4
1.7.1. Conceptual SCOPE .........ooviiiiiiiiiiiiieeiee ettt 4

vi



1.7.2. Geographical SCOPe............coooviiiiiiiiiie e 4

) O R 111 T 1) 4 TS SR 4
CHAPTER TWO: LITERATURE REVIEW .....ccoiiiiiiiiiiiieicenceeceeeiene 5
2.1. INTRODUCTION......ootiitiriiitiritiieteeeseste sttt 5
2.2. Objective 1: To design a rain water harvesting and treatment system................ 5
2.2.1 Rainwater harvesting and treatment systems.................ccocccevveeeveeniennen. 5
2.2.2 Principle of operations of rainwater harvesting system .............................. 6

2.2.3 Importance of integrating heating methods and real-time monitoring

SCIISOLS ..ot e e e e e e e e e e et e e e e et e e e e et e e e e e e e e e e e e e e e e e aeaaae e 6

2.2.4. Challenges in water purification and monitoring (Neha Bonny, 2025)..7

2.3 To fabricate and acquire system components of the system ...........ccccceeveereennnen. 8
2.3.1 Material selection and components for the system..................c....ccocce. 8
2.3.2. Heating-Based purification method ...........cccooieiiiiiiiniiiiiiiieceeeeeee e, 8
2.3.2.1. Resistance Heating: ................coooiiiiiiiiiiiiiiteeeeceee e 9
2.3.3 Importance of electric heating (electricalvoic, 2020)..........cccccuverirenennee. 14

2.3.4 Components of rainwater harvesting system (Federal energy management

Program, 2021). c..ueeieiie ettt et et e e et e et e e e nneeennes 14

2.3.5 Technology considerations (Federal energy management program, 2021)

23,6 SySem SIZIM@.........cooouiiiiiiiiiiiiiiie e 15

Here are the basic steps to properly sizing the storage tank of a rainwater harvesting

system (Federal energy management program, 2021)........ccccevevvieniiieinieeencnnenns 15

x Conversion Factor x Collection Factor (Federal energy management program,

2.4.1 System Integration: Linking Harvesting, Filtration, Heating, and

Monitoring (Federal energy management program, 2021) .......ccccceveriereennenne. 16

2.4.2 Automation and Real-Time Control for Efficiency.................c..c.co...c... 16

vii



2.4.3 Challenges in System Assembly and Potential Solutions....................... 17

2.5 To test and evaluate system performance ............cccveevveeerieeerieeecieesee e 18
3.2.0 Specific Objective two: To Fabricate and Acquire System Components....... 25
3.2.1 Component Fabrication ...............cccccoooiiiiiiiiiiiieee e 25
3.2.2 Component ACQUISIION...............coeviiiiiiiiiiiiieieeee e 25
3.2.3 Assembly Preparation .................ccooooiiiiiiiiniiiine e 26
3.3.0 Objective three: To assemble the components of the system.......................... 27
3.3.1 Programming and circuit deSigN..........cccureruieriieriieniieniienieeiee e eene e 27
3.3.2 Integration TeSting .............cccoveiiiiiiiiiiiiieceeee e 28
333 ProtOtyPInE......cooovviiiiiieeiieeeee ettt ettt s e e e 28
3.3.4. System block diagram ...............c..coooiiiiiiiiiiii e 29

3.4.0 Specific Objective 4: To Test the Performance of the Smart Rainwater

Harvesting Control and Treatment SyStem .........ccccecuevieninieniininicnieenieneeeeeeen 29
3.4.1 Calibration and Integration................cc.ccoceeiiiniiiniinieeniceeeec e 29
3.4.2 Controlled Environment Testing ...............cccccoooiiniiniiiniiniiinicneeees 30
344 Error ANALYSiS........ccocviiiiiiiiiiieeiieeee e e 30

CHAPTER FOUR.. ..ottt ettt ettt s 31
4.0. RESULTS AND DISCUSSIONS ..ottt st 31

4.1 Specific Objective One: Designing the System Components............ccceeeuvenneee. 31
4.1.1 Criteria Used to Select Design Parameters .................ccoccoeevvivenneennnnn. 31
4.1.2 System DeSI@I .........c.coooiiiiiiiiiiiieeiee e e 31
4.1.3 Sensor SeleCtion ............ccccoiiiiiiiiiiiiiiieeeeee e 31
4.1.4 Microcontroller Selection.................ccoceeiiiiiiiiniiiiienieeeece e 32

4.2 Specific Objective Two: To fabricate the system components.............cccceueee..e. 32
The fabrication process involved: ..................cooooiiiiiiiiiiii e, 32

4.3. Specific Objective Three: To assemble the components of the system. ............ 33

4.4 Specific Objective four: To test the performance of the system........................ 33



CHAPTER FIVE ..ot s 34

5.0 CONCLUSIONS, RECOMMENDATIONS, CHALLENGES...........ccevveirnn. 34
5.1 CONCLUSIONS ...ttt ettt ettt ettt teeseesseeseeneesseenseensenseans 34
5.2 RECOMMENDATIONS ..ottt ettt sneens 34
5.3 CHALLENGES ... ..ottt 34

REFERENCES ...ttt sttt ettt et 35

BIDLIOZIAPNY ...ttt ettt et eaeeenaeen 35

APPENDIX ..ottt Error! Bookmark not defined.

1X



List of tables

Table 1 shows Rainwater Storage and Collection System Dimensions ............... Error!

Bookmark not defined.

Table 2 shows Comparison of Arduino Microcontrollers ............cccceevveeerienieenieennnn.

Table 3 shows a list of Selected Components



List of figures

Figure 1shows electric heating methods (electricalvoic, 2020).........ccceevveevivenieenennne. 9
Figure 2 shows direct resistance heating ...........cccceevereerieienienieeeeeee e 10
Figure 3 shows indirect resistance heating ............cccccoeveeriieiieniiiiierie e 10
Figure 4 shows direct induction heating ............ccccevvieeiieniiiiiieniieee e 12
Figure 5 shows indirect induction heating .............coceveerieieniiinienieeceeeee e 13
Figure 6 shows dielectric heating ..........ccooceevieriinieiiiieceeeeeeeeee e 13
Figure 7 shows Water level SWitCh ..........coooiiiiiiiiiiiii e, 21
Figure 8 TemMPErature SEINSOT ......ceeuieiuierieeiieeieeiie et ettesiteeteesiteebeesareebeesseesneesaeeens 22
Figure 9 show @ water Reater .........cccoouiiiiiiiiiiieieee e 23
Figure 10 Shows Arduino MEZa .......ccc.evvevuieriirieniieiieieseee et 23
Figure 11 shows relay module..........cccoocviiiiiiniiniiiiiiieceeeee e 24
Figure 12 ShOWS LCD ..ottt 25
Figure 13 shows conceptual diagram...........ccccveeeiiiiiiiieiiiiie e 29

X1



LIST OF ACRONYMS
LCD>Liquid Chrystal display
LED>Light emitting diode
SDW>Safe drinking water
RTMS>Real time monitoring sensor
Ph>Potential hydrogen

TDS>Total dissolved solids
WHO>World Health Organisation
UV>Ultraviolet

RWH>Rain water harvesting

Xii



REFERENCES
Bibliography

Electrical Deck. (2022). https://www.electricaldeck.com. Utilization of Electrical
Energy.

electricalvoic. (2020). https://electricalvoice.com/. Electric heating.

Federal energy management program. (2021). https://www.energy.gov/femp/federal-
energy-management-program?nrg_redirect=267680. rainwater  harvesting

system technology.
Neha Bonny. (2025). The challenges of continuous water quality monitoring.
rainwatermanagemen. (2025). Rainwater management solutions, 12.

sbn-mobile-web-compliance-blog-post. (2025). https:// sbnsoftware.com. What are the

challenges faced in urban water quality monitoring.

35



