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ABSTRACT 

High level of water losses is one of the major challenges facing water utilities in the developing 

world from physical losses (leakage), theft of water from the system, or because water users are 

not properly billed. This difference between the amount of water put into the distribution system 

and the amount of water billed to consumers is known as Non-Revenue Water (NRW). This has 

a solemn effect on the financial growth of water utilities through lost revenue, lost water 

resources, and increased operational costs, reducing their capacity to fund other expansions of 

service, especially for those who cannot afford.   Water utility companies have played a major 

role in developing, standardizing and obtaining methodologies for addressing NRW and It is 

widely acknowledged that NRW is a key indicator of a utility ‘s operational and financial 

performance.                                                                                                                         

However, water utility companies have not managed this problem because NRW has been given 

low priority by government officials, utility managers and the water sector in general. The years 

back NRW has been handled by following the convectional system where an employee in charge 

of running water bills moves to respective premises to read the corresponding water units that 

involved human errors, theft of water managed by involving police and this is backed up with 

corruption, WALOP force and use of the locals to report of any case.                                                                                                                                   

The smart yard metering system that consists of postpaid and prepaid addresses this problem by 

calculating the water bills automatically and sending them to respective customers so that 

payments are carried out.  For postpaid the concerned customer pays his bills after a specific 

period with the use of mobile money and for prepaid, a customer uses a tag with credit to fetch 

water. The system components are also protected from any tamper, water quality is monitored 

with water quality sensors and a report is made in case of any change. With this system non-

revenue water will be handled effectively. 

 

 

 

 

 



ii 
 

DECLARATION 

I, JUWAN MALVIN, KISAKYE JOSEPHINE, OKONGO ERIC hereby declare that all the 

work material portrayed in this final year project is my original work except where explicit 

citation has been made and it has not been presented to any Institution of higher learning for any 

academic award.  

Signature: ………………………  

Date: …………………………… 

 

Signature: ………………………  

Date: …………………………… 

 

Signature: ………………………  

Date: …………………………… 

 

 

 

 

 

 

 

 

 

 

 

  



iii 
 

APPROVAL 

This is to certify that the final year project under the title “Design and Construction of a smart 

yard tap metering system for non-revenue water reduction through apparent loss minimization.” 

was done under the best of our efforts and is now ready for examination.  

Mr. Maseruka Bendicto 

Department of Water and Mining Engineering  

Sign: ………………………….……  

Date: ……………………………….  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iv 
 

LIST OF ACRONYMS 

NWSC: National Water and Sewerage Corporation  

WALOPU: Water Loss Prevention Unit  

NRW: Non-Revenue Water  

GSM: Global Systems for Mobile Communication  

SMS: Short Message Service 

LCD: Liquid Crystal Display  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 
 

Contents 

ABSTRACT .................................................................................................................................................. i 

DECLARATION......................................................................................................................................... ii 

APPROVAL ............................................................................................................................................... iii 

LIST OF ACRONYMS ............................................................................................................................. iv 

LIST OF FIGURES .................................................................................................................................. vii 

LIST OF TABLES ................................................................................................................................... viii 

CHAPTER ONE: INTRODUCTION ....................................................................................................... 1 

1.0 BACKGROUND ......................................................................................................................... 1 

1.1 PROBLEM STATEMENT ........................................................................................................ 4 

1.2 OBJECTIVES OF THE STUDY ............................................................................................... 4 

1.2.1 MAIN BOJECTIVE ........................................................................................................... 4 

1.2.2 SPECIFIC OBJECTIVES .................................................................................................. 4 

1.3 JUSTIFICATION ....................................................................................................................... 4 

1.4 SIGNIFICANCE OF THE STUDY ........................................................................................... 4 

1.5 SCOPE OF THE PROJECT ...................................................................................................... 5 

1.5.1 CONCEPT SCOPE ............................................................................................................... 5 

1.5.2 TIME SCOPE ....................................................................................................................... 5 

1.5.3 GEOGRAPHICAL SCOPE ............................................................................................... 5 

CHAPTER TWO: LITERATURE REVIEW .......................................................................................... 6 

2.0 INTODUCTION ............................................................................................................................... 6 

2.1 METERING AND BILLING ........................................................................................................... 8 

2.1.1 METERING ............................................................................................................................... 8 

2.1.2 WATER BILLING .................................................................................................................. 10 

2.1.3 EXIXTING SMART WATER SYSTEMS IN UGANDA .................................................... 11 

2.1.4 WATER TARRIF ............................................................................................................. 12 

2.2 WATER AND METER THEFT .................................................................................................... 12 

2.2.1 FORMS OF METER TAMPERING AND THEFT ...................................................... 12 

2.2.2 THE EXISTING SYSTEM .............................................................................................. 13 

2.3 Water Quality Monitoring ....................................................................................................... 15 

2.3.1 WATER QUALITY PARAMETERS ............................................................................. 16 

2.3.2 EXISTING SYSTEMS FOR WATER QUALITY MONITORING ............................ 22 

2.4 SYSTEM COMPONENTS....................................................................................................... 24 



vi 
 

3.0 CHAPTER THREE: METHODOLOGY ......................................................................................... 35 

3.1 INTRODUCTION ............................................................................................................................... 35 

3.1.1 Data collection methods and tools .......................................................................................... 35 

3.1.2 Requirement analysis ............................................................................................................... 35 

3.1.3 System architecture.................................................................................................................. 35 

3.1.4 CONCEPTUAL DIAGRAM ................................................................................................... 36 

3.1.5 Block diagram for the entire system....................................................................................... 38 

3.1.6 SYSTEM CIRCUIT DIAGRAM ............................................................................................ 39 

SPECIFIC OBJECTIVE ONE: DESIGN OF THE SYSTEM. ............................................................ 40 

3.2 BILLING SYSTEM ........................................................................................................................ 40 

3.2.1 The prepaid billing method ..................................................................................................... 40 

3.2.2 The postpaid billing system ..................................................................................................... 40 

3.2.3 System tampering and theft detection system/Protection system ........................................ 43 

3.2.4 Power requirement. ................................................................................................................. 48 

3.3 SPECIFIC OBJECTIVE TWO: CONSTRUCTING THE PROTOTYPE ............................... 50 

3.3.1 Selection and acquiring of components .................................................................................. 50 

3.3.4 Website development ............................................................................................................... 51 

3.3.5 Process of website development .............................................................................................. 52 

3.3.6 Flutter wave .............................................................................................................................. 54 

3.3.7 Programming hardware components ..................................................................................... 55 

3.3.8 Assembling and installation .................................................................................................... 56 

3.4 SPECIFIC OBJECTIVE THREE: TESTING AND VALIDATING THE SYSTEM ............. 56 

3.4.1 Unit testing ................................................................................................................................ 56 

3.4.2 Integration testing .................................................................................................................... 57 

3.4.3 System testing ........................................................................................................................... 57 

3.5 SPECIFIC OBJECTIVE FOUR: ECONOMIC ANALYSIS OF THE PROJECT .................. 58 

CHAPTER FOUR: RESULTS AND DISCUSSIONS ........................................................................... 62 

5.0 CHAPTER FIVE: RECOMMENDATION AND CONCLUSIONS. ............................................. 67 

5.1Conclusions ........................................................................................................................................ 67 

5.2 Recommendations. .......................................................................................................................... 67 

6 REFERENCES .................................................................................................................................. 68 

CHAPTER 7: APPENDIX ....................................................................................................................... 70 

 



vii 
 

LIST OF FIGURES 

Figure 0-1 showing vicious cycle due increasing non-revenue water ............................................ 7 

Figure 0-2 showing chlorine concentration .................................................................................. 19 

Figure 0-3 showing the Effect of pH on percentages in OCl- and HOCl ..................................... 20 

Figure 0-4 showing the Variation of residual chlorine as a function of temperature ................... 21 

Figure 0-5 showing the variation of resistance against light intensity.......................................... 25 

Figure 0-1 showing inside view of the smart meter system........... Error! Bookmark not defined. 

Figure 0-7outside view of the smart meter system ....................................................................... 37 

Figure 0-8 showing the block diagram of the system ................................................................... 38 

Figure 0-9 showing the flow chart of the system .......................................................................... 42 

Figure 0-10 showing the LDR device ........................................................................................... 43 

Figure 0-11 showing the flow information of water quality monitoring ..... Error! Bookmark not 

defined. 

 

 

 

 

 

 

 

 

 

 

 

 

 

file:///C:/Users/Martha/Desktop/malvin/A%20SMART%20YARD%20SYSTEM.docx%23_Toc94431671


viii 
 

LIST OF TABLES 

Table 1 showing classification of non-revenue water ................................................................ 6 

Table 2 showing NWSC water tariff ......................................................................................... 12 

 

 

 

 

 

 

 

 

 

 


