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ABSTRACT

This project presents the development of a smart rainwater harvesting system integrated with
real-time control and water treatment mechanism to ensure safe drinking water. The system
employs water level switches to monitor the collected rainwater. An Arduino Uno
microcontroller-based unit processes sensor data, water and storage functions based on set
parameters. A prototype was developed using Arduino Uno microcontroller advanced
technology. This prototype was able to automatically operate and the project objectives were
met as indicated by the outcomes as demonstrated in the report.



DEDICATION

I dedicate this report to my beloved parents, siblings, and friends.

Vi



LIST OF ACRONYMS

CPU:

RAM:
RISC:
ROM:

SPI:

%o:
MWE:
RWH:
UV:
[oT:
MSNss:

IDE:

EEPROM:

UART:

1/0:

KB:

MHz:

DC:

AC:

Central Processing Unit

Random Access Memory

Reduced instruction Set Computer

Read Only Memory

Serial Peripheral Interface

Kilometer

Percent

Ministry of Water and Environment
Rainwater harvesting

Ultra violet

Internet of things

Mobile sensor networks

Integrated Development Environment
Electrically Erasable Programmable Read-Only Memory
Universal Asynchronous Receiver Transmitter
Input out

Kilobyte

Megahertz

Direct current

Alternating current

vii



Contents

DECLARATION ...ttt ettt sttt ettt st e sbe e b e Error! Bookmark not defined.
APPROVAL ...ttt sttt ettt st Error! Bookmark not defined.
ACKNOWLEDGEMENT ...ttt sttt et ettt sat e st s e bt e bt e sbe e sae e st e eabeesbeesbeesaeesanesabeenbeenneensees iv
FAY 2 N 12V Y O [P PPTPPTPTRTPPPNE v
DEDICATION ...cciiiiiiiitiiittttttttttttettettteeteeeeeteteeeeee e ee e et e ee e e e e e ee e e e e e e s et ee e et et e e et e e e e e ee e s eeeseseseseeeeesenenenenenenenenenennnnne vi
LIST OF ACRONYMS....oeinieiieettetteet ettt ettt ettt st st sttt e s bt e s bt e sat e st e et e e b e e bt e sbeesbeeeaseeaseenbeesneesrnenns vii
CHAPTER 1: CHAPTER ONE ...ttt ettt ettt ettt st sttt e b e sbe e smeesseeeteesbeesaeesanenas 1
1.1 INTRODUCGTION ...ccttttttittttetttetttetetttttetettteteteteteteteeetetetetetete et tetaee ettt et tetatetetraeteteteaeaeereeeeeeeeeseeeearerenes 1
A S 1ol =4 e TU T o O RSP UR 1
1.3 PROBLEM STATEMENT ...cttiiiiiiiiitiiiiitititieteteteteteteteteteteteteteeeteeeteteteeeteseeeeeeeeeeeteeeaeseseseseeeeseeesesererenes 1
1.4 OBJECTIVES .ttt ettt ettt b e b e s bttt ettt e b e e sh e e sae e sate st e e bt e b e enbeenbeesneesneesnrean 2
1.4. 1 MAIN OBJECTIVES ...ttt ettt ettt st st st ettt s bt s bt sat e et e e nbe e sbeesbeesaeesabeebeebeenes 2
1.4.2 SPECIFIC OBJECTIVES....c s sanas 2

1.5 SIGNIFICANCE.....ccoitieiiiiitititieeeieee ettt ettt et ettt teteteee et eeteteteteteeeteaeaeteaeaeaeteaeaeaeseeeaeeeaeeeeeaeeeeeeees 2
1.6 CONCEPTUAL SCOPE ....ccttiiitiiiiiieiitieeieieteteeeteteteteeetetetetetetetetetetetetetttetetetettteteteteteteteeterteererererererene 2
ST N CT=To = d o] a1 ToF | I Yol o 1TSS 2
L I T g =TTl oY 3
1.6.3 BLOCK DIAGRAM ... nanen 3
CHAPTER 2: LITERTURE REVIEW ...coiiiiiietiieee ettt ettt e e e e e 4
P20 R [ 316 o T [0 T T o W TP PR PSR 4
2.2 Sensor integration and MONITOMING......ueiii i e e e rre e e e e e e e saarereeeeeeeenans 4
2.3 Traditional water treatment and MONITOMING ......cccciieeeiiiie e e 4
2.4 Modern Sensor-Based Monitoring Systems for water treatment.........ccccceeeeceeiivcie e, 5
2.5 loT-Based Water Quality Monitoring SYSteM .......cccuiiiiiiiiie ettt 5
2.6 ZigBee Wireless Sensor Network for Water Monitoring ........c.cccceecveeeeecieeeccciiee e e 5
2.7 Challenges in the CUMrENT SYSTEMS .....ccii ittt et e e ree e e e ebr e e e e abee e e e abeee s earaeas 6
2.8 PROPOSED SMART RAINWATER CONTROL AND TREATMENT SYSTEM......cuuuuiiiiiiiiiiiene 6
CHAPTER 3: METHODOLOGY ...uttiiiiiiieeiieiieeieeteesiee sttt sttt et sbe e s st sane et e b e sbeesmeesaseenneesbeesmnesanenas 7
3L INEFOAUCTION 1ottt et et e s e st st st b e bt e s be e sbeesateeteebeesneesnee e 7
3.2 Requirement GatheriNg ........uuiiiii it e e e e e e e e e e s be e e e e e e e e e annreaeeeeas 7
RN 0] o 1T V- | 1] o TSROSO UPR TR 7
BL4 INTEIVIEWS...eiiiiiiiiiii ittt bbb s e s b e e e s sra e e e s sra s e e s sanes 7
3.4.1 FINAINGS frOmM INTEIVIEWS....ciiiiiiiie et ettt e e et e e e sbe e e e e abae e e esbaeesenbaeeeenasenas 7

3.5 LIt@rature SEAICR ... ittt st e st sae e s e b e e s e e b e e e ne e e s reeenanes 8

viii



N X O] T V11 =] 1o o TR 8

3.7 ReQUIrEMENT ANGIYSIS .oeiiiiiiee et e e et e e e et e e s e tte e e e ebeeeesebteeeeenstaeeesastaeeesnnes 8
R I A €= 0 g e [T = o TP PPPUPTRN 8
R I A = 0 W [ 0T o] (=T g =T o1 = o o [T 9
3.9.1 Hardware implementation..........oociiee et e e tee e e e ree e e e ae e s e ntae e e e areeas 9
3.9.2 Software implemMeENTatioN ......c...ii i rre e e e ae e e et e e e e areeas 9
3.10 Testing and Validation ........ciiiiiiie e e e s e e s s b e e e sbe e e e e seraaeeesnes 9
CHAPTER 4: DESIGN .. s e e e e e e e e e s s e e e e e e e e e e e e e e e e e e e e e e e e s e e eaasesasasasanaanannanns 10
o oY o o [ ot o ] IR TP PP UPTOPUTOPPRTI 10
4.2 SYSTEM REQUIREMENTS SPECIFICATION ..cuttiiiiiiiieiieeieeieeteeniee sttt et 10
4.2.1 FUNCLIONAl REQUITEMENTS ....eiiiiiieeecciiiee ettt ettt e ecttee e e ttee e e e bte e e e ette e e e sbteeeeensteeeeeseneaeeanes 10
4.2.2 Non-functional REQUIFEMENTS .....ccivuiiiiiiiiiee ittt et e e e sbte e e e sbae e e e sreeeeenanes 10
4.3 COMPONENTS USED AND THEIR SPECIFICATIONS ...coiiiiiiiiiieieeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 10
N T R =10 0] o 1= &= LU T = INY=T s o | ST PPPPPPPRPPPTPRS 10
4.3.2 Microcontroller (Arduino-Based) .........ccoccuiiii it 11
e T 31 1= - YL USRSt 15
.38 LD DISPIAY..-vuvreeeeeeeeeeeeeeeeeeeeee e eeeese e eeseeeeeeeeese s eesesses et aseeseeseseeseeeesees s seseeeesteneeeeeeneesnees 16
4.3.5IMmMersion Water HEAter......oooiiiiiiiiee e e s e e e 17
A.3.0 TANKS ettt ettt ettt e b e b ettt et e b e e bt e sh et et et e et e e be e sheesaeeeareeabeebeenes 19
4.3.7 WATER LEVEL FLOAT SWITCH ..ttt ettt ettt e e s et e e e e s e e eeeeeee e e 20
4.3.8 SOLENOID VALVES....cooi ittt ettt e e et e e e e s e e e anbeb e e e e e e e e s annneneeeeeeeeanan 21
4.4 RESULTS AND DISCUSSIONS. .....oeiiiiiitiiitete ettt sttt st et sanesanesneeneenns 22
4.4.] SYSTEM OVEIVIEW...uuviiiiiiieiiiiiiritteeeeessiitteeteessssssstasaeeesssssssssstsaeeeesssssssssseeeessssssssssssseeeessssnns 22
4.4.2 Sensor Readings anNd @CCUIACY ..uvieiiieiiuiiiiiiee e e eeccitieee e e e e e eecrreee e e e e e e esnnbaeeeeeseesessnseanneasesenns 22
4.4.3 Automation and CONTIOL .....cc.ciiiiiiiiiieee ettt st s e be s 22
4.4.4 Water treatment PerformManCe ...t e e s e e e eree e e e eanes 22
4.4.5 DiSCUSSIONS ..eetiuriiiiiiiitie ittt sttt a e s bt e s b s e s sab e e sabe e s saa e e sane e sabaeesaneesane 22
CHAPTER 5. ettt ettt et st st s et e bt e bt e s bt e s et st e e bt e bt e beesneesmeeeaneenneen 23
Lo O =1 =T o =L 23
5.2 RECOMMENATION .. ..eiiiiieeiee ettt st et e e st e s be e e sme e e sabeeesareesareeemenesareeanne 24
5.3 CONCIUSION ...ttt st sttt e b et e st st st s bt bt e b e s beesmeesaneeaneen 24
5.4 REFERENCES ...ttt sttt ettt st st e b e b e s st e st s bt e bt e b e nbeesmeesaeeeaneen 25
LIRS I Y o] o T=T g Vo LT 13U 28
5.5.1 Appendix 1: Project ROAAMAP ..ccceeiiiiiiii ettt e e e e e erveree e e e e e e e esbare e e e e e e e e snnrnnns 28
5.5.2 Appendix 2: PiCtUres Of ProtOtyPe ......ccccieiiiciiiee ettt e e etee e e e aae e e e rae e e e eaaeeas 29
5.5.3 Appendix 3: Embedded CoOde.......ccumiiiiiiiiiiiee ettt 31



TABLE FIGURES

Fig 1-1. Block diagram
Fig 4-1 Pin diagram of temperature sensor

Fig 4-2 Temperature sensor
Fig 4-3 Arduino Mega 2560

Fig 4-4 Pin diagram of Arduino Mega 2560

Fig 4-5 JQC-3F relay diagram

Fig 4-6 Liquid Crystal Display

Fig 4-7 Water heater element
Fig 4-8 Polyethylene Tank

Fig 4-9 Stainless steel tank
Fig 4-10 Water level float switch

Fig 4-11 FDP-270A 12V DC Solenoid valve

Fig 5-1 Project roadmap

Fig 5-2 Project prototype

Fig 5-3 One of the team members adjusting the heater element




5.4 REFERENCES

Adjovu, G. E., Stephen, H., James, D., & Ahmad, S. (2023). Overview of the Application of
Remote Sensing in Effective Monitoring of Water Quality Parameters. In Remote Sensing (Vol.
15, Issue 7). MDPL. https://doi.org/10.3390/rs15071938

Adu-Manu, K. S., Tapparello, C., Heinzelman, W., Katsriku, F. A., & Abdulai, J. D. (2017).
Water quality monitoring using wireless sensor networks: Current trends and future research
directions. In ACM Transactions on Sensor Networks (Vol. 13, Issue 1). Association for
Computing Machinery. https://doi.org/10.1145/3005719

Ahmed, U., Mumtaz, R., Anwar, H., Mumtaz, S., & Qamar, A. M. (2020). Water quality
monitoring: From conventional to emerging technologies. Water Science and Technology:
Water Supply, 20(1), 28—-45. https://doi.org/10.2166/ws.2019.144

Akamanya, R. (2023). School of Architecture, Building and Civil Engineering Towards an
advanced water service level: Microbial drinking water quality management at government
schools and healthcare facilities in resource-constrained rural settings, Kabarole Uganda.

Akter, T., Jhohura, F. T., Akter, F., Chowdhury, T. R., Mistry, S. K., Dey, D., Barua, M. K.,
Islam, M. A., & Rahman, M. (2016). Water Quality Index for measuring drinking water quality
in rural Bangladesh: A crosssectional study. Journal of Health, Population and Nutrition, 35(1).
https://doi.org/10.1186/s41043-016-0041-5

Chen, T., Wang, M., Su, J., Ikram, R. M. A., & Li, J. (2023). Application of Internet of Things
(IoT) Technologies in Green Stormwater Infrastructure (GSI): A Bibliometric Review. In
Sustainability (Switzerland) (Vol. 15, Issue 18). Multidisciplinary Digital Publishing Institute
(MDPI). https://doi.org/10.3390/sul51813317

Francisco Bergua Canudo Thesis in Biotechnology, J. (n.d.). Nanobiosensors for contaminants
detection in water .

Glasgow, H. B., Burkholder, J. A. M., Reed, R. E., Lewitus, A. J., & Kleinman, J. E. (2004).
Real-time remote monitoring of water quality: A review of current applications, and
advancements in sensor, telemetry, and computing technologies. Journal of Experimental
Marine Biology and Ecology, 300(1-2), 409—448. https://doi.org/10.1016/j.jembe.2004.02.022

Jan, F., Min-Allah, N., & Diistegor, D. (2021). Iot based smart water quality monitoring: Recent
techniques, trends and challenges for domestic applications. In Water (Switzerland) (Vol. 13,
Issue 13). MDPI AG. https://doi.org/10.3390/w13131729

Judeh, T., Shahrour, 1., & Comair, F. (2022). Smart Rainwater Harvesting for Sustainable
Potable Water Supply in Arid and Semi-Arid Areas. Sustainability (Switzerland), 14(15).
https://doi.org/10.3390/su14159271

Khanal, G., Thapa, A., Devkota, N., & Paudel, U. R. (2020). A review on harvesting and
harnessing rainwater: An alternative strategy to cope with drinking water scarcity. In Water
Science and Technology: Water Supply (Vol. 20, Issue 8, pp. 2951-2963). IWA Publishing.
https://doi.org/10.2166/ws.2020.264

25



Li, X., Cai, M., Wang, L., Niu, F., Yang, D., & Zhang, G. (2019). Evaluation survey of
microbial disinfection methods in UV-LED water treatment systems. Science of The Total
Environment, 659, 1415—1427. https://doi.org/https://doi.org/10.1016/j.scitotenv.2018.12.344

Nutt, Stephen., & MacLennan, Lynne. (2010). Non-traditional indicators of system
performance. Water Environment Research Foundation ; IWA Publishing.

Patel, A. 1., & Hampton, K. E. (n.d.). Encouraging Consumption of Water in School and Child
Care Settings: Access, Challenges, and Strategies for Improvement.

Priiss-Ustiin, Annette., Bos, Robert., Gore, Fiona., & Bartram, Jamie. (2008). Safe water, better
health : costs, benefits and sustainability of interventions to protect and promote health. World
Health Organization.

Qin, Y., Alam, A. U., Pan, S., Howlader, M. M. R., Ghosh, R., Hu, N.-X_, Jin, H., Dong, S.,
Chen, C.-H., & Deen, M. J. (2018). Integrated water quality monitoring system with pH, free
chlorine, and temperature sensors. Sensors and Actuators B: Chemical, 255, 781-790.
https://doi.org/https://doi.org/10.1016/j.snb.2017.07.188

Rodriguez-Gil, J. L., San Sebastian Sauto, J., Gonzalez-Alonso, S., Sanchez Sanchez, P.,
Valcarcel, Y., & Catala, M. (2013). Development of cost-effective strategies for environmental
monitoring of irrigated areas in Mediterranean regions: Traditional and new approaches in a
changing world. Agriculture, Ecosystems and Environment, 181, 41-49.
https://doi.org/10.1016/j.agee.2013.09.007

Sheridan, T. B. . (1992). Telerobotics, automation, and human supervisory control. MIT Press.

Sugiharto, W. H., Susanto, H., & Prasetijo, A. B. (2023). Real-Time Water Quality Assessment
via loT: Monitoring pH, TDS, Temperature, and Turbidity. Ingenierie Des Systemes
d’Information, 28(4), 823—831. https://doi.org/10.18280/is1.280403

Sunar, N. M., Kosat, A. T., Harun, H., Hamid, N. H. A., Khalid, A., Zaidi, E., & Azhar, A. T. S.
(2018). Development of Smart Kit Rainwater Harvesting System for Potable Water Purpose. In
International Journal of Engineering & Technology. www.sciencepubco.com/index.php/IJET

Wong, B. P., & Kerkez, B. (2016). Real-time environmental sensor data: An application to water
quality using web services. Environmental Modelling & Sofiware, 84, 505-517.
https://doi.org/https://doi.org/10.1016/j.envsoft.2016.07.020

Zainurin, S. N., Wan Ismail, W. Z., Mahamud, S. N. L., Ismail, 1., Jamaludin, J., Ariffin, K. N.
Z., & Wan Ahmad Kamil, W. M. (2022). Advancements in Monitoring Water Quality Based on

Various Sensing Methods: A Systematic Review. In International Journal of Environmental
Research and Public Health (Vol. 19, Issue 21). MDPI. https://doi.org/10.3390/ijerph192114080

Zoschke, K., Bornick, H., & Worch, E. (2014). Vacuum-UYV radiation at 185 nm in water
treatment — A review. Water Research, 52, 131-145.
https://doi.org/https://doi.org/10.1016/j.watres.2013.12.034

Zulkifli, S. N., Rahim, H. A., & Lau, W. J. (2018). Detection of contaminants in water supply: A
review on state-of-the-art monitoring technologies and their applications. In Sensors and

26



Actuators, B: Chemical (Vol. 255, pp. 2657-2689). Elsevier B.V.
https://doi.org/10.1016/j.snb.2017.09.078

27



