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[bookmark: _Toc377325416]ABSTRACT
Generally, the study examined the effect of non-revenue water on the efficiency of water projects in Tanzania at MUWSA. The study had three specific objectives: determine the effect of NRW physical loss on the efficiency of water projects in Tanzania. To examine the effects of NRW commercial loss on the efficiency of water projects in Tanzania. And determine the effects of NRW management costs on the efficiency of water projects in Tanzania. The study adopted a mixed research approach with an explanatory research design was adopted. The study was conducted at Moshi Urban Water Supply and Sanitation Authority. The target population of this study will be MUWSA water management officials. A population of 352 where a sample of 187 was used. Data was collected through two methods which were questionnaire and interview. The quantitative data collected through questionnaire were analyzed through descriptive statistics and multiple regressions analysis while the qualitative data collected through interviews were analyzed through thematic analysis technique. The findings noted that NRW physical loss has a negative and significant effect on the efficiency of water projects. Moreover, the findings revealed that NRW commercial loss has a negative and significant effect on the Efficiency of water projects. On the other hand, findings revealed that NRW management has a positive but insignificant effect on the Efficiency of water projects. Therefore, the study recommends that to effectively manage Non-Revenue Water at MUWSA, it is recommended to implement advanced leak detection technologies, enhance metering accuracy, and conduct regular audits of water distribution systems. Additionally, investing in staff training for efficient water management practices and increasing public awareness on water conservation can significantly reduce NRW. Establishing a robust monitoring and evaluation framework to track progress and address issues promptly is also crucial for sustaining improvements in water project efficiency.
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[bookmark: _Toc377322079][bookmark: _Toc377325421]CHAPTER ONE
[bookmark: _Toc377322080][bookmark: _Toc377325422]INTRODUCTION
[bookmark: _Toc377322081][bookmark: _Toc377325423]1.0 	Chapter Overview
This chapter introduces the study on the effect of Non-Revenue Water on the efficiency of water projects in Tanzania. The chapter has the background of the study, statement of the problem, objectives of the study, research questions, scope of the study, significance of the study and organization of the research proposal. 
[bookmark: _Toc377322082][bookmark: _Toc377325424]1.1 	Background of the Study
Non-Revenue Water (NRW) is still being lost at an alarming rate worldwide. According to recent estimates, the average global NRW is over 30% of the system input volume, which is significantly higher than the 23% benchmark recommended for utilities that are well-managed in developing countries (World Bank, 2021). JICA (2021) estimates that without the need for new infrastructure, an additional 100 million people could have access to water if the current global NRW were reduced by even half.
Even though they are less frequent than physical losses, commercial water losses like meter tampering, inaccurate meter readings, corruption, and illicit connections are a serious threat to water utilities' long-term viability. Revenue generation and water project operational efficiency are directly impacted by these losses (Karamage et al., 2022). In addition to reducing physical loss, using high-quality, long-lasting materials in water infrastructure also lowers maintenance costs and improves community access.
Like air, clean water is frequently taken for granted, but its production entails intricate procedures that call for money, infrastructure, and skilled labour. Cutting down on water loss improves service delivery and makes it easier to expand services, particularly for underserved communities (Garrido et al., 2023). Because of its detrimental effects on utility performance and long-term sustainability, there are vigorous efforts underway worldwide to reduce NRW. For example, Tanzania's Musoma Urban Water and Sanitation Authority (MUWASA) reported an NRW of 43% and has since implemented focused measures to lower it to 30% by 2025 (MWRI, 2024).
In cities like Abu Dhabi and Kigali, where NRW reductions of up to 35% have been documented, initiatives like pressure management, smart metering, leak detection, and district metered areas (DMAs) have shown promise (Ali et al., 2022; JICA, 2021). Utility revenue increases when illegal water use and meter errors are decreased. The goals of NRW reduction must, however, continue to be well-defined and focused on enhancing water quality, pressure, and distribution reliability in addition to monetary gain (Goga & Wario, 2022).
One of the main effects of high NRW has been widely identified as subpar service delivery. Public discontent and a decline in confidence in water utilities are frequently the results of this (Tapela, 2023). Driven by infrastructure modernisation and institutional reforms, moderate to significant NRW reductions have been observed in nations like Ethiopia (14%), and the Philippines (24%). (ADB, 2022).
The efficiency of distribution networks is greatly diminished by high NRW rates, which also raise operating expenses and restrict utilities' ability to respond to demand. Service expansion initiatives become ineffective if water losses are not addressed, which frequently puts more financial strain on utilities (Shushu et al., 2021). In a vicious cycle, utilities keep spending money on increasing their capacity to produce water without addressing leaks, which results in ongoing waste of resources.
It is obvious that strong NRW management is required. Since energy is lost when water is distributed through leaky networks, the majority of water utilities experience energy-related inefficiencies (Mafuru, 2022). However, a lot of utilities have not yet implemented methodical NRW management techniques. Reducing NRW ought to be the initial course of action in places with poor service coverage and rising demand.
The impact of NRW on utility operations has been assessed in a number of studies. Karamage et al. (2022) described the advantages of NRW control and examined the ecological and socioeconomic impacts of water loss in Rwanda. Ndegwa (2021) discovered that NRW significantly hampered revenue collection and customer satisfaction in Nairobi. In their study of Tanzania's water networks' performance, Shushu et al. (2021) highlighted the importance of system design and maintenance in NRW reduction. Similarly, Mafuru (2022) evaluated how well donor-funded initiatives reduced NRW in DAWASA-Ubungo. Few studies, especially in the context of MUWSA, have empirically examined the implications of NRW for Tanzania's water project sustainability.
The vicious cycle theory, on which this study is based, describes how high NRW leads to revenue losses, operational inefficiencies, and subpar service delivery. Water loss reduces financial capacity, making it impossible for utilities to expand or maintain services, which feeds a vicious cycle of poor performance. Ndegwa (2021) and the World Bank (2021).
[bookmark: _Toc377322083][bookmark: _Toc377325425]1.2	Statement of the Problem
Reducing NRW must be a priority for water authority but numerous water authority still struggles to attain acceptable optimal level of NRW. Major loss of water result from lack of access to evidence on the whole network, that enable complex to understand the nature of NRW and its impact on financial health, usefulness operations and customer satisfaction. In adding, frequently failure to pay enough attention to NRW due to weak internal policies and measures, contribute to increasing NRW. Besides, NRW approaches fail due to lack of human resource capacity and financial capacity for infrastructure and not understanding the magnitude of the problem (Makhari, 2016).
But the rate of increase is still high, even though the Tanzanian government takes many steps to lower NRW. According to EWURA (2023), the overall trend of NRW as a percentage of water production over the past three years has been quite uneven. Overall NRW fell 1.7% in FY 2022/23 compared to a 2.3% improvement in FY 2021/22, mostly as a result of water supply systems that were in a state of disrepair. A lack of responsibility, independence, technical engagement, and managerial abilities that are essential for providing consistent, affordable service is another factor that contributes to NRW reduction due to ineffective governance (Bernado, 2021). Once again, outdated infrastructure, policy hurdles, and a lack of technical capability are to blame for the failure of efforts to reduce the non-revenue water problem. Finally, failing to estimate the necessary budget adequately and having a poorly planned project both impede attempts to reduce NRW. Consequently, understanding how NRW impacts the long-term viability of water projects is crucial. 
A number of studies have been conducted with regard to NRW (Saria, 2015; Ndegwa, 2016; Yi et al., 2017; Shushu et al., 2021; and Mafuru, 2022). However, most of these studies have been conducted in a context different from that of Tanzania (Saria, 2015; Ndegwa, 2016; Yi et al., 2017; Shushu et al., 2021). Moreover, those conducted from Tanzania have mostly focused on the factors affecting the management of NRW (Nzilano (2017 and Mafuru, 2022). Therefore, to answer the central problem and fill the gap, this study examined the implications of NRW on the project performance sustainability at Moshi Urban Water Supply and Sanitation Authority (MUWSA).
[bookmark: _Toc377322084][bookmark: _Toc377325426]1.3 		Objectives of the Study
[bookmark: _Toc377322085][bookmark: _Toc377325427]1.3.1 	General Objective
[bookmark: _Hlk110999006]The main objective of this study was to examine the effect of non-revenue water on the efficiency of water projects in Tanzania, a case of Moshi Urban Water Supply and Sanitation Authority.
[bookmark: _Toc377322086][bookmark: _Toc377325428]1.3.2	 Specific Objectives
i. To determine the effect of NRW physical loss on the efficiency of water projects in Tanzania.
ii. To examine the effect of NRW commercial loss on the efficiency of water projects in Tanzania
iii. To determine the effect of NRW management costs on the efficiency of water projects in Tanzania
[bookmark: _Toc377322087][bookmark: _Toc377325429]1.4		Research Questions
i. What is the effect of NRW physical loss on the efficiency of water projects in Tanzania?
ii. What is the effect of NRW commercial loss on the efficiency of water projects in Tanzania?
iii. What is the effect of NRW management costs on the efficiency of water projects in Tanzania?
[bookmark: _Toc377322088][bookmark: _Toc377325430]1.5 	Scope of the Study
This study looked at how NRW affected Tanzanian water projects' long-term viability and efficiency, specifically focussing on the MUWSA in the Kilimanjaro region. The strategic importance of this focus area, the accessibility of structured operational data, and the pressing need to address water service inefficiencies in rapidly urbanising areas all played a role in its careful selection. In order to allow for thorough data collection, analysis, and interpretation, the study was conducted over a six-month period, specifically from March to September 2024.
The study gave top priority to topics that directly relate to the goals of the investigation and have a good chance of yielding useful information for addressing the main research questions. Accessibility and convenience were also taken into account, especially since the researcher had previous water management experience. Navigating institutional systems, comprehending technical operations, and effectively assessing the necessary documentation were all made easier by this background. Data triangulation and analysis were firmly based on MUWSA's established records on water loss, maintenance, and billing.
Three main thematic areas served as the study's compass and were taken directly from the research's particular goals. The first theme was about project efficiency and actual water losses. This theme examined how physical losses—like leaks, burst pipes, and ageing infrastructure—contribute to operational inefficiencies, decrease end-user water availability, and raise maintenance and replacement costs. The impact of these physical losses on the sustainability and overall performance of water projects was examined.
The second theme looked at the revenue implications of commercial water losses. This part of the study examined how MUWSA's revenue streams were impacted by unauthorised water connections, inaccurate meters, customer meter manipulation, and billing errors. Commercial losses can have a significant financial impact on water utilities because they lower the amount of billable water and impair the organization's financial standing, despite typically having a smaller volume than physical losses.
The third theme focused on institutional efficacy and NRW management expenses. The study evaluated the costs associated with managing NRW, including those related to repairs, metering technology, human resources, leak detection systems, and customer education programs. It assessed whether the advantages of NRW reduction outweigh the costs of intervention and how these expenses, albeit necessary, affect the operational and financial effectiveness of water projects.
The Vicious Cycle Theory, which describes how ongoing NRW traps water utilities in a cycle of financial strain and deteriorating service quality through both physical and commercial losses, served as the foundation for the study. Utilities' capacity to make investments in system expansions, infrastructure upgrades, and quality enhancements is hampered as a result of unbilled or lost water revenue. This feeds a vicious cycle of poor performance by resulting in additional service inefficiencies and customer discontent. The theory guided the interpretation of study results and offered a helpful framework for comprehending how NRW compromises project sustainability.
[bookmark: _Toc377322089][bookmark: _Toc377325431]1.6	 Significance of the study
This study hits point of view by providing the basis for a functional dialogue on NRW between key decision makers from MUWSA and others, including water management usefulness, officials from local government, civil society and other stakeholders. 
This study is justifiable that reducing physical water losses, commercial loss and quality of water infrastructure may not only help postpone capital investments/ operating expenses and sustainability of water project for developing new water sources, but also it will help water delivered to customers and reduce an efficacy operational cost. 
The study encourages staffs and the community to reducing illegal connection and generate equality between users. Also, it increases efficiency and sustainability of the infrastructure to users friendly and mobilize more customers resulting to gaining cash flow. The government may create jobs to the community and improve business insight opportunities. The findings of this study help to control NRW and improving water networks and revenue collection mechanisms, while continuously monitoring performance to ensure that gains.
[bookmark: _Toc377322090][bookmark: _Toc377325432]1.7 		Organization of the Study
Five separate chapters make up the dissertation. In the first chapter, you will find the study's rationale, problem statement, research questions, objectives, scope, significance, and proposal structure. Various works that are pertinent to the research are discussed in the second chapter. The document includes a conceptual framework, a list of research gaps, a review of the theoretical and empirical literature, and definitions of important terms. A research methodology is provided in the third chapter. Ethical considerations, research philosophy, research design, study area, population, sampling, data collecting, data analysis, procedures for validity and reliability, and so on are all covered in this chapter. The study's results and discussion are detailed in Chapter 4, and Chapter 5 offers a summary and suggestions derived from those results.
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[bookmark: _Toc377325146][bookmark: _Toc377325433]CHAPTER TWO
[bookmark: _Toc377322092][bookmark: _Toc377325434]LITERATURE REVIEW
[bookmark: _Toc377322093][bookmark: _Toc377325435]2.0 	Introduction
This section discusses the study's conceptual framework, research gap, empirical literature, item definitions, and theoretical framework. In order to identify gaps in our understanding, this chapter will draw from a number of different sources and compare their recommendations in light of the implications of NRW for the long-term viability of project performance.
[bookmark: _Toc377322094][bookmark: _Toc377325436]2.1 	Definition of key terms
[bookmark: _Toc377322095][bookmark: _Toc377325437]2.1.1	 Non-Revenue Water 
NRW refers to water that has been produced by authority but has not earned any revenue while supplied. Or water produced and is lost without earning any revenue for the usefulness (Ndegwa, 2016). It is unmetered/ unbilled water consumption as free water from public system.
It is expressed in terms of percentage such that. 
NRW =  
NRW can be commercial loss (Apparent) of physical loss (Real loss) 
[bookmark: _Toc377322096][bookmark: _Toc377325438]2.1.2	NRW Physical loss
Refers to physical losses of water from the distribution system/network channelled for distribution. It is transmission leakage and distribution, overflows at distribution reservoir or leakage on service connections up to point of customer metering (Kingdom et al., 2006). The physical loss can be from source to storage area or to customers caused by physical problems of water infrastructure. The losses involve the storage tanks, either due to overflows or leakages, and losses in the distribution caused by leakages of pipes and bursts resulted from pressure, disturbance or weak of material. The losses water has an effect to all sector stakeholders and their customers (Ndegwa, 2016). Hence the study object to find out effect of physical NRW loss on project operations.
[bookmark: _Toc377322097][bookmark: _Toc377325439]2.1.3 	NRW Commercial Loss
It is unofficial water consumption or unknown water caused by illegal connection. Sometimes caused by customer inaccuracy in metering or staff meter reading error and data processing error (Ndegwa, 2016).
[bookmark: _Toc377322098][bookmark: _Toc377325440]2.1.4 	NRW Management Cost
NRW management costs refer to the expenses incurred by water utilities to identify, control, and reduce water losses that do not generate revenue (Kingdom et al., 2006). Therefore, in this particular study NRW management costs comprises of all costs which are incurred by MUWSA to identify control and reduce water losses.
[bookmark: _Toc377322099][bookmark: _Toc377325441]2.1.5 	Efficiency of Water Projects
In order to guarantee the consistent, fair, and sustainable provision of water services while reducing losses and operating expenses, water projects must make the best use of their financial, technical, and human resources (Asian Development Bank [ADB], 2022; World Bank, 2021). The Asian Development Bank (2022) defines water project efficiency as utilising the least amount of input to achieve the greatest amount of output, such as water availability and coverage. In a similar vein, the World Bank (2021) defines it as the extent to which water systems, after accounting for waste and non-revenue water, transform inputs into desired outcomes like enhanced service delivery, customer satisfaction, and economic returns. The operational definition of water project efficiency in this study is MUWSA's capacity to continuously deliver clean and dependable water through economical operations, low commercial and physical water losses, and sustainable infrastructure management.
[bookmark: _Toc377322100][bookmark: _Toc377325442]2.2 	Theoretical Review
The foundation of this study is Ragnar Nurkse's Vicious Cycle Theory (1953), which describes how a cycle of resource depletion and financial instability can cause subpar institutional performance—like that at the MUWSA—to become self-perpetuating. The theory describes how ongoing physical losses, like leaks and burst pipes, force utilities to make larger-than-necessary investments in network capacity expansion in the context of Non-Revenue Water (NRW). These inefficiencies raise operating expenses, lower the amount and calibre of water supplied to customers, and eventually deteriorate the dependability and quality of the utility's services. In the meantime, commercial losses brought on by erroneous meters, unauthorised connections, and poor data management lower revenues, which limits the amount of money that can be allocated for upkeep and upgrades (Ndegwa, 2016; Mafuru, 2022).
The Vicious Cycle Theory is relevant because it can explain the intricate feedback loops that make NRW problems in water utilities worse. It makes the assumption that utilities will continue to be caught in a vicious cycle of diminishing revenue and deteriorating infrastructure if this cycle is not broken, which will impair their ability to provide efficient services (World Bank, 2021; Karamage et al., 2022). Despite ongoing investments, water projects frequently suffer from ongoing inefficiencies due to this cyclical deterioration (Goga & Wario, 2022).
By using this theory, the study places the research problem in the context of the larger systemic problems of financial deficiencies and institutional weakness. According to the theory, tackling a single aspect of the issue, like expanding the water supply, without controlling water losses is futile since it doesn't end the cycle of inefficiency and loss (JICA, 2021; Ali et al., 2022). This realisation is in line with empirical research from East Africa and other developing nations, which shows that improving utility performance requires interventions that address both physical and commercial losses (Shushu et al., 2021; Tapela, 2023).
The main themes of this study are closely tied to the Vicious Cycle Theory, which offers a unifying framework that links NRW management expenses, commercial losses, and physical water losses to the larger problem of water project efficiency. The idea that network deterioration and infrastructure leaks create the negative feedback loop by increasing operational inefficiencies and requiring greater investments is reflected in the theme of physical water losses and project efficiency (Ndegwa, 2016; Mafuru, 2022). The theme of commercial water losses and revenue implications is consistent with the theory's demonstration of how revenue shortfalls resulting from unauthorised connections, inaccurate meters, and inefficient billing deplete financial resources, thereby impairing the institution's capacity to maintain and enhance its systems (JICA, 2021; Tapela, 2023). Lastly, the theory's focus on the lack of financial resources and the necessity of strategically allocating scarce funds to break the cycle aligns with the theme of NRW management costs and institutional effectiveness (World Bank, 2021; Karamage et al., 2022). These themes collectively capture the complex nature of the vicious cycle, showing how managerial, financial, and technical factors interact to either maintain inefficiencies or, when properly addressed, open doors for long-term improvement. In order to improve the overall sustainability of water projects, the theory not only aids in identifying the underlying causes of MUWSA's problems but also provides guidance for integrated interventions that focus on these interconnected themes.
Practical strategies for managing MUWSA are also influenced by the theory. It highlights that cutting back on excessive physical losses will result in lower operating expenses and business losses, which will free up more money for infrastructure and service quality enhancements. These enhancements improve customer satisfaction, delay the need for expensive new water sources, and increase the amount of water available to consumers (MUWASA, 2024; Garrido et al., 2023). It also emphasises the significance of methodical monitoring and assessment, which leads utilities to pose important queries like: How much water is lost? What causes these losses, and where do they happen? What actions can successfully lower NRW and maintain gains over time? Karamage et al., 2022; Mafuru, 2022). Designing interventions that break the cycle and support long-term institutional and project sustainability requires an understanding of these factors.
As a result, Nurkse's Vicious Cycle Theory offers a thorough framework for comprehending how NRW adversely affects the sustainability of the water project at MUWSA. It emphasises how physical losses, business inefficiencies, and institutional capacity limitations are interconnected, which directs this study's attention towards comprehensive and long-lasting NRW management strategies. 
[bookmark: _Toc377322101][bookmark: _Toc377325443]2.3	 Empirical Literature Review
[bookmark: _Toc377322102][bookmark: _Toc377325444]2.3.1 	The Effect of NRW Physical Loss on the Efficiency of Water Projects in Tanzania
[bookmark: _Hlk192863446]The Nairobi City Water and Sewerage Company (NCWSC) was the subject of a study by Ndegwa (2016) that looked at how Non-Revenue Water (NRW) affected water utilities and their customers. Quantifying NRW losses and evaluating their effects on utility financial performance and service delivery were the goals. The study, which used a mixed-methods approach that included stakeholder interviews and water balance analysis, discovered that NCWSC loses roughly 40% of the water it produces each year as a result of commercial and physical losses. Significant revenue gaps were caused by these losses, which also made it more difficult for the utility to satisfy consumer demand and had a detrimental effect on customer loyalty and satisfaction. According to the study's findings, NRW posed a serious threat to the utility's reputation and financial stability. In order to fully address NRW, it suggested making investments in leak detection technology, better meter management, and bolstering institutional capacity.
Saria (2015) sought to assess how Dar es Salaam's water quality and NRW were affected by water pipe leaks. 140 respondents, including utility employees and consumers, participated in the study's cross-sectional survey design. Questionnaires and system inspections were used to gather data in order to determine the causes of leaks and their consequences. Results showed that 16% of respondents reported broken meters, 14% pointed out problems like meter reader corruption, 30% reported transmission and distribution system leaks, and 24% were illegally or inadvertently connected. According to the study's findings, physical losses from leaks and unauthorised connections were a major cause of NRW and declining water quality. Enhancing leak repair programs, bolstering meter reading integrity, and launching community awareness campaigns to stop illicit connections were among the recommendations.
In order to evaluate initiatives to lower water loss and boost system efficiency, Shushu et al. (2021) examined the performance of Tanzania's current water distribution network. Finding NRW hotspots and assessing pressure management strategies were the goals. Pressure monitoring, district metered area (DMA) analysis, and hydraulic modelling were all part of the methodology. The findings revealed a high NRW rate of 50% in a specific DMA as opposed to 37% in the city as a whole. 87% of NRW was made up of real losses, which were mostly brought on by high pressure, which was present at 52% of nodal junctions and frequently resulted in leaks and bursts. Potential leaks were decreased to 46% by optimising pressure using pressure-reducing valves and network topology modifications. Nevertheless, 83% of pipes had low flow rates, which resulted in stagnant and subpar water. The study recommended increasing DMA implementation and ongoing monitoring, concluding that pressure management was essential to minimising physical losses.
The effect of physical water losses on operational efficiency in Kenya's urban water supply systems was examined more recently by Karanja et al. (2023). Quantifying physical losses and examining their impact on utility revenue and operating expenses were the goals of the study. Using quantitative techniques such as cost-benefit analysis and water audits, the study discovered that physical losses were responsible for almost 45% of the total NRW. These losses raised the cost of pumping and treatment and drastically decreased revenue. According to the study's findings, preventing physical losses required the use of leak detection technology and preventive maintenance plans. Adopting cutting-edge sensor technologies for leak detection, expanding regular network inspections, and funding employee training to enhance maintenance procedures were among the recommendations.
Similarly, Mwangi et al. (2024) investigated how pipeline integrity and infrastructure ageing affected NRW in Tanzanian municipal water systems. The purpose of the study was to evaluate the effects of deteriorating infrastructure on project efficiency and water losses. Data on pipe conditions, leak incidents, and flow rates were gathered across multiple municipalities using hydraulic modelling in conjunction with geographic information systems (GIS) mapping. The findings showed that more than 50% of water losses were caused by ageing pipe networks, which had a negative influence on customer satisfaction and water availability. The study came to the conclusion that NRW reduction required infrastructure renewal and suggested combining hydraulic and GIS tools to efficiently prioritise pipeline rehabilitation. Additionally, it promoted more financing for upkeep and the creation of long-term plans for infrastructure management.
[bookmark: _Toc377322103]

[bookmark: _Toc377325445]2.3.2	The Effects of NRW Commercial Loss on the Efficiency of Water Projects in Tanzania
The study "Non-Revenue Water Implications on Organisation Operation Cost and Customer Satisfaction: A Case of Musoma Urban Water Supply and Sanitation Authority (MUWASA)" was carried out by Mfumuni (2024). The study's goal was to evaluate the impact of NRW's commercial losses on operating expenses and customer satisfaction. Key informant interviews with MUWASA employees and household surveys were part of the study's mixed-methods approach. According to the findings, NRW increased operating expenses and customer discontent while drastically lowering revenue collection as a result of false billing and illegal connections. The study came to the conclusion that lowering unaccounted-for water and increasing billing efficiency were essential for sustainability. It suggested funding community awareness initiatives, bolstering enforcement against unauthorised connections, and investing in precise meter reading technologies.
The study "Determinants of Non-Revenue Water on Tanzania Water Utility: A Case of Mbeya Water Supply and Sanitation Authority" was carried out by Bernado in 2021. Finding the main commercial elements affecting NRW in Mbeya's water utility was the aim. The study used structured questionnaires to survey 137 participants using a cross-sectional research design. The results showed that unbilled authorised consumption, inaccurate customer meters, water theft, and billing errors were associated with commercial losses. The study came to the conclusion that poor customer databases and insufficient monitoring systems were the main barriers to revenue recovery. It suggested digitising billing and customer information systems, increasing staff capacity, and conducting routine audits of customer records.
The study "Managing Non-Revenue Water in Mwanza, Tanzania: A Fast-Growing Sub-Saharan African City" was carried out by Shushu et al. in 2021. The goal was to conduct a diagnostic evaluation of NRW with an emphasis on both commercial and physical losses. Stakeholder consultations, spatial analysis of leaks, and thorough field surveys were all used in the study. The results showed that ineffective billing systems and large amounts of unbilled water had a negative effect on profit margins. Furthermore, networks under excessive pressure had higher rates of leakage. The study found that NRW posed a risk to the utility's financial stability and recommended a comprehensive approach. Creating district metered areas (DMAs), improving pressure control, and automating customer billing systems were among the recommendations.
The study "Digital Metering and NRW Control in Secondary Cities: Evidence from Tanga Water Supply Authority (Tanga WSSA)" was carried out by Mutalemwa and Mkama in 2023. The purpose of the study was to assess how digital metering might lower commercial water losses. NRW levels before and after smart meter installation were compared using a quasi-experimental design. Unbilled consumption and billing disputes have significantly decreased, according to the findings. The conclusion underlined how digital meters increased operational effectiveness and billing transparency. In order to facilitate proactive interventions, the researchers suggested that smart metering systems be implemented nationwide in conjunction with real-time data analytics.
The study "Institutional Barriers to Commercial Water Loss Control in Urban Utilities: A Study of Arusha City Water Authority (ACWA)" was conducted by Kamugisha and Magesa in 2022. Evaluating the institutional obstacles to efficient commercial water loss control was the goal. Regional water officials and ACWA employees were interviewed as part of a qualitative research design. The results showed that poor internal controls, a lack of staff expertise, and antiquated billing software were all factors in ongoing business losses. The study came to the conclusion that institutional reform in addition to technical tools was necessary to address NRW. It suggested enhancing leadership oversight, conducting frequent audits, and modernising billing infrastructure. 
[bookmark: _Toc377322104][bookmark: _Toc377325446]2.3.3	The Effects of NRW Management Cost on the Efficiency of Water Projects in Tanzania
A study by Wilson et al. (2021) focused on energy and water management techniques to enhance operational performance in water utilities. The goal was to assess how energy management costs affect utility performance, specifically how inefficient energy use drives up NRW-related costs. Using structured interviews with utility managers and energy audit tools, a multi-country evaluation of water utilities was part of the methodology. The results showed that many utilities lacked sufficient expertise in tracking performance indicators and analysing energy data. The conclusion showed that utilities face high operating costs and ongoing inefficiencies if they do not make targeted investments in capacity-building and energy-monitoring systems. It was suggested that utilities train technical staff in data analysis and performance evaluation, as well as incorporate energy efficiency into NRW strategies.
In order to assess the variables affecting the administration of donor-funded water projects, Mafuru (2022) conducted a study in the DAWASA-Ubungo District, Dar es Salaam. The goal was to evaluate the impact of cost-related factors on efficiency, especially those related to monitoring and evaluation (M&E). Out of 456 DAWASA employees, 213 respondents were chosen at random using a survey design. Regression analysis and descriptive statistics were used to examine the data. The results demonstrated a strong correlation between increased project management and service delivery efficiency and M&E spending. The conclusion underlined how adequate funding for M&E initiatives directly improves oversight and lowers water losses. Increasing funding for M&E systems and capacity building were among the recommendations.
Using the Mbeya Urban Water Supply Authority (UWSA) as a case study, Nzilano (2017) examined the variables affecting organisational effectiveness in water utilities. The goal of the study was to investigate the relationship between operational efficiency and management-related human resource costs. All UWSA employees served as the unit of analysis for the study, which used a mixed-methods design that included structured questionnaires, interviews, and document reviews. One-sample t-tests and descriptive statistics were used in the data analysis. The findings showed that the performance of NRW management-related departments, like wastewater services and civil works, is highly impacted by human resource competencies. The conclusion underlined how crucial it is to hire technical personnel in order to efficiently oversee project operations. To maximise the delivery of utility services, recommendations included performance-based budgeting and organised professional development programs.
The study "Cost Efficiency and NRW Management in Medium-Sized Tanzanian Water Utilities" was carried out by Mwambene and Nyagawa in 2023. Evaluating the financial strain of NRW management and its impact on overall project efficiency was the goal. Using a quantitative approach, the researchers gathered operational reports and financial documents from five regional water authorities over a two-year period. The results of cost-efficiency and performance ratio analysis revealed that controlling water losses—primarily caused by leak repairs, unauthorised connection monitoring, and data management—accounted for up to 35% of these utilities' overall operating costs. The conclusion made clear that inadequate cost control limits capacity expansion and results in revenue deficits. It was suggested that NRW surveillance be given a set percentage of operating budgets and that digital asset management systems be implemented.
The Lindi Urban Water and Sanitation Authority (LUWASA) was the subject of Hassan and Mwakalebela's (2024) investigation into the function of financial resource planning in NRW reduction. The purpose of the study was to ascertain how planning and budgeting for NRW-related activities affect the effectiveness and success of projects. Interviews with finance and operations officers as well as an examination of 2020–2023 budget reports were part of the case study design. The results showed that only 10% of operating budgets were allocated to loss control activities, indicating irregularities in funding for NRW programs. According to the conclusion, inadequate funding causes limited monitoring and delayed leak detection, both of which worsen water losses. It was suggested that NRW management be incorporated into strategic financial plans and that emergency infrastructure repairs be allocated specific funds. 
[bookmark: _Toc377322105][bookmark: _Toc377325447]2.4	Research Gap
Non-Revenue Water (NRW) and its effects on sustainability and utility performance have been the subject of several empirical studies (Saria, 2015; Ndegwa, 2016; Yi et al., 2017; Shushu et al., 2021; Mafuru, 2022). Nevertheless, the majority of these were carried out outside of Tanzania or in environments with different socioeconomic, institutional, and infrastructure dynamics. For example, Yi et al. (2017) examined water loss in Asian cities, while Ndegwa (2016) concentrated on NRW at Nairobi City Water and Sewerage Company; both studies were conducted outside Tanzania's framework. Studies that have already been conducted in Tanzania have mostly concentrated on general factors influencing NRW management. Mafuru (2022) studied donor project management at DAWASA with a focus on monitoring and evaluation, while Nzilano (2017) investigated organisational effectiveness at Mbeya UWSA and connected it to staff competencies. These studies don't break down NRW into its commercial and physical components or look at how each one affects project efficiency.

Furthermore, there is little empirical data that directly connects operational efficiency metrics in Tanzanian utilities to physical water losses like leaks and pipeline bursts. Similar to this, there are few studies that examine the effects of commercial losses—such as unauthorised use, billing errors, and meter tampering—on revenue generation or service delivery. In terms of how they affect project sustainability and performance, the expenses related to managing NRW—such as expenditures for metering systems, employee training, and monitoring technologies—are also not well understood. Using the Moshi Urban Water Supply and Sanitation Authority (MUWSA) as a case study, this study fills a critical knowledge gap by investigating the effects of physical losses, commercial losses, and NRW management costs on the effectiveness of water projects. This regional emphasis adds to scholarly discussions and useful policy suggestions for enhancing Tanzania's water utility performance.
[bookmark: _Toc377322106][bookmark: _Toc377325448]2.5	Conceptual Framework
[bookmark: _Hlk192863568]The conceptual framework describes the scholars view on the relationship of the variables and how they influence each other. As a result, the theoretical framework provides an inference for each choice made during the study. By highlighting the dependent and independent variables, it displays the variables that are being studied. The theoretical framework serves as the logical foundation for the investigation and serves as a bridge connecting the theoretical elements and real-world mechanisms of the investigations conducted (Festus, 2016). Thus, this study suggests that a crucial component of water management and efficiency is the connection between the physical loss of non-revenue water (NRW) and the effectiveness of water projects. 
The sustainability of the water supply is directly impacted by high levels of physical loss in NRW. To increase the amount of water that reaches end users and decrease the demand for additional water resources, efficient water projects seek to minimise these losses (Nzilano, 2017). High levels of NRW indicate inefficiencies in both the physical infrastructure and the management practices of water utilities. These inefficiencies result in financial losses that hinder the utility's ability to invest in improving their systems and services (Mafuru, 2022). High levels of NRW indicate inefficiencies in water distribution systems, leading to increased costs for water utilities. These costs include not only the physical losses of water but also the operational expenses associated with managing and reducing NRW (Saria, 2015). Therefore, the relationship between variables is shown in Figure 2.1 below;
[bookmark: _Hlk174016662]Independent Variables                                                   Dependent Variable
NRW Physical Loss
· Leakage
· Wastage
· Theft
· Lack of active leakage control

   

Efficiency of Water Projects
· Coverage of water supply connections
· Continuity of water supply
· Quality of water supplied
· Cost recovery in water supply services




NRW Commercial Loss
· Inaccurate metering
· Data handling errors
· Unknown connections
· Theft





NRW Management Cost
· Operations Cost
· Maintenance Cost
· Water meter management Cost
· Repairs Cost





[bookmark: _Toc377323981]Figure 2.1:	Conceptual Framework
Source: Researchers' Own Construction (2024)
[bookmark: _Toc377322107]

[bookmark: _Toc377325449]2.6 	Hypothesis Development 
[bookmark: _Toc377322108][bookmark: _Toc377325450]2.6.1 	NRW Physical Loss on Water Project Efficiency
One of the main causes of NRW is physical losses, which directly affect the operational effectiveness of water utilities. Examples of these losses include leaks, burst pipes, and ageing distribution systems. According to studies like Shushu et al. (2021), excessive network pressure and pipe deterioration were the primary causes of real losses in Mwanza, which could account for as much as 87% of total NRW. Similarly, Saria (2015) found that poor maintenance and damaged infrastructure were responsible for a sizable portion of Dodoma's water supply outages. These losses reduce the amount of water that is actually available to consumers, interfere with the dependability of the supply, raise the cost of repairs and treatment, and have an impact on customer satisfaction. Although some research from more affluent settings indicates that physical losses can be controlled without having a major impact on service delivery (Yi et al., 2017), Tanzanian utilities frequently lack the funding necessary to successfully put such mitigation techniques into practice. According to Nurkse's vicious cycle theory, these inefficiencies have the potential to exacerbate financial and operational limitations, which would further impair institutional performance. Therefore, it is hypothesized that: 
H1: NRW physical loss has a negative effect on the efficiency of water projects in Tanzania.
[bookmark: _Toc377322109]
[bookmark: _Toc377325451]2.6.2	NRW Commercial Loss on Water Project Efficiency
When authorised water use is not billed because of meter tampering, unauthorised connections, or inaccurate billing systems, commercial water utilities suffer losses. The ability of utilities to pay for operations and maintenance is weakened by these losses, which also compromise revenue collection. According to Mfumuni (2024), for instance, MUWASA experienced a decline in revenue as a result of unauthorised consumption and incorrect billing, which also lowered customer satisfaction and trust. Similarly, Bernado (2021) found that Mbeya's water utility experienced commercial losses as a result of systemic billing errors and inadequate monitoring systems. Wilson et al. (2021) point out that while digital metering and data management have helped some utilities perform better, weak enforcement and subpar customer record systems still plague others. According to the vicious cycle theory, these financial leaks prevent reinvestment in personnel and infrastructure, which prolongs subpar service delivery and produces a vicious cycle of inefficiency. Consequently, it is hypothesized that: 
H2: NRW commercial loss has negative effects on the efficiency of water projects in Tanzania.
[bookmark: _Toc377322110]
[bookmark: _Toc377325452]2.6.3	NRW Management Costs on Water Project Efficiency
Financial commitment is necessary for effective NRW management, which includes investments in metering systems, pressure control, leak detection, and staff training. Even though these expenses might seem high at first, they are frequently linked to long-term gains in system efficiency and performance. Utilities with strong water and energy monitoring procedures were more sustainable and efficient in their operations, according to Wilson et al. (2021). Similarly, Mafuru (2022) found that monitoring and evaluation procedures improve transparency and performance in water projects when they are backed by sufficient funding. Additionally, Mwambene and Nyagawa (2023) showed that regular funding for NRW surveillance resulted in quantifiable drops in water losses and improved financial forecasting. These results support the notion that initial capacity and system investments are necessary to break the cycle of inefficiency. Therefore, this study proposes that: 
H3: NRW management costs have positive effects on the efficiency of water projects in Tanzania






















[bookmark: _Toc106833965][bookmark: _Toc377322111]

[bookmark: _Toc377325166][bookmark: _Toc377325453]CHAPTER THREE
[bookmark: _bookmark32][bookmark: _Toc106833966][bookmark: _Toc377322112][bookmark: _Toc377325454]RESEARCH METHODOLOGY
[bookmark: _bookmark33][bookmark: _Toc106833967][bookmark: _Toc377322113][bookmark: _Toc377325455]3.1   Overview
This chapter describes the procedures and methods that were used in collecting and analyzing data from the field. In this chapter, theoretical perspectives are discussed together with research philosophy. Likewise, the chapter will also describe aspects that include design of the study, data collection methods, target population, sample and sampling procedures, description of data collection instruments, data collection procedure and data analysis. The characteristics and the size of the sample is also be presented. Moreover, the validity and reliability of the data collection instruments and ethical consideration is also discussed.
[bookmark: _Toc106833968][bookmark: _Toc377322114][bookmark: _Toc377325456][bookmark: _Hlk192863740]3.2 	Research Philosophy
According to Holden and Lynch (2004), a research philosophy is the set of beliefs or presumptions that guide the collection, analysis, and interpretation of data regarding a phenomenon. The pragmatic research philosophy used in this study is ideal for mixed methods research. In order to fully comprehend the research problem, pragmatics employs all available methods, both qualitative and quantitative. Pragmatism recognises that both objective facts and subjective experiences contribute to the development of knowledge, rather than being devoted to a single system of thought or reality. It is perfect for studies that want to investigate both quantifiable effects and contextual understanding because it places an emphasis on useful results and real-world applications. Tashakkori and Teddlie (2010) point out that the pragmatic paradigm promotes the use of various data collection techniques to capture the complexity of the research questions and permits methodological flexibility. Therefore, in order to evaluate the impact of NRW on water project efficiency, this study used pragmatism to combine numerical data with firsthand knowledge.
[bookmark: _bookmark34][bookmark: _Toc106833969][bookmark: _Toc377322115][bookmark: _Toc377325457]3.3	Research Design
Convergent parallel mixed methods research design was used in the study, which is appropriate for investigations that aim to comprehend a phenomenon in both breadth and depth. By combining quantitative and qualitative methods, this design enables the researcher to simultaneously gather and examine textual and numerical data. Creswell and Plano Clark (2011) claim that the convergent parallel design improves the thoroughness and dependability of the results by allowing researchers to compare and validate findings across methods. The causal relationship between NRW dimensions and water project efficiency was investigated using quantitative methods, while the operational, institutional, and contextual factors affecting these relationships were better understood using qualitative methods. This design was suitable for evaluating statistical findings and testing hypotheses in conjunction with the viewpoints and real-world experiences of stakeholders. Triangulation was also made possible by the mixed design, which strengthened our comprehension of how NRW impacts the performance of the water project in the instance of MUWSA.
[bookmark: _bookmark35][bookmark: _Toc106833970][bookmark: _Toc377322116][bookmark: _Toc377325458]3.4 	Study Area
The study was carried out at the MUWSA in the Kilimanjaro region of Tanzania. MUWSA is a fully autonomous but government-owned organization that provides clean and safe water to the people of Moshi, the town of Mount Kilimanjaro, and some parts of Moshi Rural and Hai Districts. As part of its efforts to improve the sustainability of its services, the Authority recently started to develop and implement a water safety plan. Currently, MUWSA is one of the 19 autonomous water supply and sewerage utilities in the category, which means that it must cover all operating costs plus small investments. MUWSA has been certified by the Tanzania Bureau of Standards (TBS) as a drinking water supplier, and as of February 2007, it has received certification from the Tanzania Bureau of Standards (TBS) certificate no. TZS 789: 2003.
[bookmark: _bookmark36][bookmark: _Toc106833972][bookmark: _Toc377322117][bookmark: _Toc377325459]3.5		Target Population
The Moshi Urban Water Supply and Sanitation Authority (MUWSA) water management officials were the study's target population. The population was made up of 352 people who were selected from a number of MUWSA's clients as well as important functional units such as the Technical Team, Commercial Department, Procurement Management Unit (PMU), and Inspection Team. This population was specifically chosen because these groups are most qualified to offer pertinent and accurate data pertaining to the study's goals because they are directly involved in or impacted by Non-Revenue Water (NRW) management activities. Furthermore, this population is thought to be an accurate representation of comparable water utilities in other Tanzanian cities dealing with comparable issues.
The people or groups from whom data was gathered in order to answer the research questions are referred to as the unit of inquiry in this study. The water management representatives and consumers who offered firsthand information, perspectives, and experiences regarding NRW and its impact on the effectiveness of water projects are included in this unit of inquiry. Conversely, the level at which the data were compiled and conclusions were made is known as the unit of analysis. The organisational level of MUWSA as a water utility organisation served as the unit of analysis for this study. This indicates that in order to comprehend the overall effect of NRW on the effectiveness and performance of water projects under MUWSA's management, the study examined the aggregate data from multiple departments and stakeholders. The study improved the validity and applicability of the results by ensuring alignment between data collection, analysis, and interpretation by precisely defining these units.
[bookmark: _Toc106833973][bookmark: _Toc377322118][bookmark: _Toc377325460]3.6 	Sample size
Solvin (2017) states that sample size determination formulae were utilized to determine the sample size from the 352-target population. The sample was calculated as
n=N÷ (1+Ne2)
Whereby,
n = Sample size, N = Population size  = Margin of error 
n =	352

1+352 (0.052)
= 187.234; By approximation, n = 187 
Therefore, the sample size was 187 respondents.
[bookmark: _bookmark37][bookmark: _Toc106833974][bookmark: _Toc377322119]

[bookmark: _Toc377325461]3.7 		Sampling Design and Procedures
The sampling technique, a component of statistical practice, involves selecting a random or unbiased subset of individual observations from a population of people to produce information about the population of interest, mainly to make predictions based on statistical inference (Kothari, 2004). The sample size is 187. Eleven inspection team members were specifically chosen because they are important sources of information regarding NRW, the cost of buying the necessary equipment, and water loss due to leaks.
[bookmark: _bookmark38][bookmark: _Toc106833975][bookmark: _Toc377322120][bookmark: _Toc377325462]3.8 	Data Collection Method
[bookmark: _Toc377322121][bookmark: _Toc377325463]3.8.1	 Questionnaire
[bookmark: _bookmark39][bookmark: _bookmark40]A total of 187 respondents participated in the survey part of the study. The survey used a structured questionnaire with 5-point Likert scale items designed to capture respondents’ perceptions and attitudes toward NRW and its effect on water project efficiency. The Likert scale ranged from Strongly Disagree (1) to Strongly Agree (5), including options like Disagree, Undecided, and Agree. This scale allowed respondents to show different levels of agreement or disagreement with statements about various aspects of NRW, offering a detailed view of their opinions.
The choice of a 5-point Likert scale was deliberate and justified for several reasons. First, the 5-point scale balances simplicity and sensitivity, making it easy for respondents to comprehend and complete while capturing sufficient variation in opinions (Joshi et al., 2015). It reduces the cognitive load compared to scales with more points, which can increase response reliability and reduce respondent fatigue (Preston & Colman, 2000). Additionally, the inclusion of a neutral midpoint (undecided) gives respondents the option to withhold judgment when appropriate, thereby minimizing forced or biased responses. The scale's widespread use in social sciences and utility management studies also facilitates comparison with prior research, enhancing the study’s validity and interpretability. Overall, the 5-point Likert scale effectively supported the study’s aim to assess attitudes and perceptions regarding NRW within MUWSA quantitatively.
[bookmark: _Toc377322122][bookmark: _Toc377325464]3.8.2 	Interview
For triangulation purposes, the study adopted another data collection technique to collect qualitative data from the selected 11 members of the inspection team. These were key informants for the study. Therefore, interviews were employed in collecting qualitative data from them. 
[bookmark: _bookmark41][bookmark: _Toc106833978][bookmark: _Toc377322123][bookmark: _Toc377325465]3.9 	Data Processing and Analysis
Kothari (2004) defines data analysis as the process of revising, categorising, and tabulating information that has been gathered. All of the responses were arranged according to the research questions using the Statistical Package for Social Science Version 26 (SPSS) computer program. A template for data entry was created using the coding of the information gathered from the questionnaire.
Information obtained from questionnaires and interviews was synchronised and arranged in accordance with the questions after the field data was processed and thoroughly analysed. Numerous operations were necessary for the data analysis; that is, descriptive information was produced by utilising quantitative data and descriptive statistics like means, frequencies, and percentages. Tables and figures were used to present the results, which were provided in accordance with the research question. Additionally, to determine a causal relationship between the independent and dependent variables, a multiple regression analysis was utilised.
The qualitative data was analyzed through thematic analysis approach where key themes and sub themes were developed and used to present the analysed data. 
[bookmark: _Toc377322124][bookmark: _Toc377325466]3.10	 Mode Specification
The study employed an Ordinary Least Squares regression model to test the hypothesized relationships and examine the implications of NRW on the sustainability of project performance at MUWSA. The regression equation was specified as follows:
Y=β0+β1X1+β2X2+β3X3+ε
Where:
· Y = Water Project Efficiency (dependent variable)
· β0​ = Intercept or constant term
· β1​,β2​,β3​ = Coefficients representing the effect size of each independent variable
· X1​ = NRW Physical Loss
· X2​ = NRW Commercial Loss
· X3​ = NRW Management Cost
· ε = Error term capturing the influence of unobserved factors
The error term accounts for random disturbances and unmeasured variables that may affect water project efficiency but are not explicitly included in the model. It is assumed to have a mean of zero and constant variance.
[bookmark: _bookmark42][bookmark: _Toc377322125][bookmark: _Toc106833979]

[bookmark: _Toc377325467]3.11 	Validity and Reliability
[bookmark: _Toc377322126][bookmark: _Toc377325468]3.11.1 	Validity of Instruments
Two research experts from Open University of Tanzania (OUT) were given the questionnaires to ensure content validity. In order to guarantee the validity of the instrument, the study questions were created and presented to two distinct experts to assess their relevance to the study, as well as the language used and any ambiguity that might cause the respondent to misinterpret the questions during the collection of field data (Creswell, 2009). Validity is the degree to which instruments measure what they are designed to measure.
[bookmark: _bookmark43][bookmark: _Toc106833980][bookmark: _Toc377322127][bookmark: _Toc377325469]3.11.2 	Reliability of the Research Instruments
Reliability is the extent to which an instrument measures what it is intended to measure, according to Kothari (2019). The study used a Cronbach alpha coefficient as a gauge of "the internal consistency of the 5-point Likert scale" to make sure the findings were trustworthy. Generally speaking, a Cronbach's alpha value of 0.7 or higher was deemed adequate.
[bookmark: _bookmark44][bookmark: _Toc106833981][bookmark: _Toc377322128][bookmark: _Toc377325470]3.12 	Ethical Consideration
Ethical clearance for this study was obtained from the Open University of Tanzania, where the researcher secured official permission to conduct data collection. This authorization ensured that the study complied with institutional and national guidelines for conducting research involving human participants. The university’s ethical review process confirmed that the study design, data collection methods, and participant engagement strategies met the required standards for ethical conduct.
Confidentiality and privacy were essential. To protect participant identities, personal names were replaced with numerical codes during data processing and analysis. Measures were taken to ensure that all information provided was handled with the utmost honesty and sensitivity, respecting the dignity and rights of each respondent. The study also maintained anonymity by not collecting any personally identifiable information beyond what was necessary for research purposes. These ethical safeguards helped build trust between the researcher and participants, thereby improving the quality and credibility of the data collected. 







[bookmark: _Toc148392047][bookmark: _Toc171261801][bookmark: _Toc171261544][bookmark: _Toc149592231][bookmark: _Toc377322129]

[bookmark: _Toc377325184][bookmark: _Toc377325471]CHAPTER FOUR
[bookmark: _Toc148392048][bookmark: _Toc149592232][bookmark: _Toc171261545][bookmark: _Toc171261802][bookmark: _Toc377322130][bookmark: _Toc377325472]FINDINGS AND DISCUSSION
[bookmark: _Toc149592233][bookmark: _Toc171261803][bookmark: _Toc148392049][bookmark: _Toc377322131][bookmark: _Toc377325473]4.1	 Introduction
The results of the study are presented and discussed in this chapter in light of the particular goals of the investigation. In general, the study looked at how Tanzanian water projects at MUWSA were affected by non-revenue water. The study's three main goals were to ascertain how Tanzanian water projects' efficiency was impacted by NRW physical loss. to investigate how Tanzanian water projects' efficiency is affected by NRW commercial loss. and ascertain how Tanzanian water projects' efficiency is impacted by NRW management expenses. As a result, the study evaluated the respondents' sex, age, education, and experience before presenting the results in accordance with particular goals. Below is a discussion of the respondents' profile findings;
[bookmark: _Toc171261804][bookmark: _Toc148392050][bookmark: _Toc149592234][bookmark: _Toc377322132][bookmark: _Toc377325474]4.2 	The Profile of Respondents
[bookmark: _Toc148392051]The profile of the respondents in terms of sex, age, education level and professional experience were examined. Their results are presented below;
[bookmark: _Toc149592235][bookmark: _Toc171261805][bookmark: _Toc377322133][bookmark: _Toc377325475]4.2.1 	Sex of Respondents
Regarding participant gender, this study included both male and female participants. A sample of 123 men and 64 women, representing proportions of 65.8% and 34.2%, respectively, provided the data. However, because there are more men than women working at MUWSA, the sample was representative. In areas where gender dynamics impact decision-making or operational roles, the gender distribution suggests that the study's findings largely represent the viewpoints and experiences of male employees, which could affect how the results are interpreted. In order to ensure a more comprehensive understanding and inclusive policy formulation, future research should take into account examining gender-specific experiences and roles, even though the study offers insightful information about NRW management and water project efficiency. Table 4.1 below indicates the findings;
[bookmark: _Toc171263664][bookmark: _Toc149592539][bookmark: _Toc148392073][bookmark: _Toc377323968]Table 4.1:	Sex of Respondents
	Sex
	Frequency
	Percentage

	Male
	123
	65.8

	Female
	64
	34.2

	Total
	187
	100.0


Source: Research Findings (2024)
[bookmark: _Toc149592236][bookmark: _Toc148392052][bookmark: _Toc171261806][bookmark: _Toc377322134][bookmark: _Toc377325476]4.2.2 	Age of Respondents
The majority of respondents, or 48.7% of the sample, were between the ages of 28 and 37, according to an analysis of the participants' age distribution. Next in line, accounting for 23.0% of the participants, was the age group of 38–47 years old. 9.6% of the sample consisted of individuals 48 years of age or older, and 18.7% of the respondents were between the ages of 18 and 27. As a result, the respondents' age distribution includes a wide range of age groups, which enhances the variety and profundity of the perspectives offered. This age range suggests that the study encompasses a wide range of perspectives, experiences, and levels of knowledge regarding NRW management and water project efficiency, improving the validity and generalisability of the results across various MUWSA generational cohorts. It also implies that a comprehensive grasp of the problems and possible solutions is facilitated by the contributions of both younger staff members, who might be more acquainted with contemporary technologies and creative management techniques, and more seasoned older staff members, who offer institutional knowledge and real-world perspectives. The results and suggestions can therefore be modified to take into account the skills and requirements of a multigenerational workforce, promoting inclusive and successful methods for enhancing NRW management. 
Findings are displayed in Table 4.2 hereunder;
[bookmark: _Toc148392074][bookmark: _Toc149592540][bookmark: _Toc171263665][bookmark: _Toc377323969]Table 4.2:	Age of Respondents
	Age
	Frequency
	Percentage

	18 – 27 Years
	35
	18.7

	28 – 37 Years
	91
	48.7

	38 – 47 Years
	43
	23.0

	48 Years and Above
	18
	9.6

	Total
	187
	100.0


Source: Research Findings (2024)
[bookmark: _Toc149592237][bookmark: _Toc171261807][bookmark: _Toc148392053][bookmark: _Toc377322135][bookmark: _Toc377325477]4.2.3	 Education Level of Respondents
In order to examine the distribution of respondents across various educational levels, an assessment was carried out to ascertain the participants' level of education. The study's conclusions show that although the participants are spread across a range of educational backgrounds, a sizable majority have advanced degrees. According to the study's findings, the majority of participants (42.8%) had a bachelor's degree, with diplomas coming in second (29.4%). Only 10.2% of respondents had a certificate level of education, whereas 17.6% of respondents reported having a master's degree or higher. This distribution suggests that MUWSA's workforce has a comparatively high level of education, which can have a favourable impact on NRW management and the overall effectiveness of water projects. Employees with higher levels of education are probably better able to comprehend difficult technical problems, come up with creative solutions, and apply best practices in water management. In order to sustainably lower NRW and enhance service delivery, the study's conclusions thus lend credence to the possibility of utilising this educated workforce in capacity-building programs and policy implementation. Table 4.3 displays the education level of respondents;
[bookmark: _Toc148392075][bookmark: _Toc149592541][bookmark: _Toc171263666][bookmark: _Toc377323970]Table 4.3:	Respondents` Education Level
	Education Level
	Frequency
	Percentage

	Certificate                  
	19
	10.2

	Diploma                     
	55
	29.4

	Bachelor`s Degree                 
	80
	42.8

	Master`s Degree and Above                     
	33
	17.6

	Total
	187
	100.0


Source: Research Findings (2024)
[bookmark: _Toc171261808][bookmark: _Toc148392054][bookmark: _Toc149592238][bookmark: _Toc377322136][bookmark: _Toc377325478]4.2.4	Respondents` Work Experience
The study assessed the work experience of the participants. According to the findings, a sizable fraction of participants (41.2%) had between four and six years of experience, while the next-highest group (31.6%) had more than six years of experience. Fewer people (23.5%) said they had one to three years of experience, and fewer people (3.7%) said they had less than a year of professional experience. As a result, most respondents had enough experience to comprehend and offer knowledgeable opinions regarding how NRW affects water project efficiency. This degree of experience raises the validity and comprehensiveness of the data gathered by indicating that participants are probably aware of the practical ramifications and operational difficulties of NRW within MUWSA. Additionally, seasoned employees are better equipped to offer insightful suggestions based on firsthand experience, assisting in the creation of practical plans to reduce NRW and enhance project performance. Findings regarding the respondents` experience are presented in Table 4.4.
[bookmark: _Toc149592542][bookmark: _Toc171263667][bookmark: _Toc377323971][bookmark: _Toc148392076]Table 4.4:	Respondents` Professional Experience 
	Experience
	Frequency
	Percentage

	Less than a year                       
	7
	3.7

	1 – 3 Years                               
	44
	23.5

	4 – 6 Years  
	77
	41.2

	More than 6 Years 
	59
	31.6

	Total 
	187
	100.0


Source: Research Findings (2024)
[bookmark: _Toc377322137][bookmark: _Toc377325479]4.3 	Validity and Reliability Findings
[bookmark: _Toc377322138][bookmark: _Toc377325480]4.3.1 	Validity Findings
The study used content validation techniques to guarantee the validity of the research instruments. Two research specialists from the Open University of Tanzania (OUT) examined the questionnaires, assessing their appropriateness in measuring the intended constructs, relevance, and clarity. The experts evaluated whether the questions adequately addressed the goals of the study and whether the wording was unambiguous and clear enough to avoid confusing respondents while gathering data. Through this process, the questionnaire items were improved to more accurately capture information and opinions about the efficiency of water projects and NRW. The degree to which an instrument measures what it is intended to measure is known as validity, according to Creswell (2009). The thorough expert review improved the study instruments' content validity and raised assurance that the data gathered would fairly represent the constructs being examined.
[bookmark: _Toc377322139][bookmark: _Toc377325481]4.3.2	Reliability Findings
Reliability refers to the degree to which a research instrument consistently measures what it intends to measure over time (Kothari, 2019). In this study, the reliability of the questionnaire, particularly the 5-point Likert scale items assessing perceptions related to NRW and water project efficiency, was tested using Cronbach’s alpha coefficient to evaluate internal consistency. A Cronbach’s alpha value of 0.7 or above is generally considered acceptable for social science research, indicating that the items reliably measure the underlying construct.
The reliability analysis results are summarized in Table 4.5 below. Each thematic construct related to the study objectives was tested individually to ensure that the scale items within each theme were consistent.
[bookmark: _Toc377323972]Table 4.5:	Cronbach`s Alpha Test for Reliability 
	Construct
	Number of Items
	Cronbach’s Alpha
	Interpretation

	NRW Physical Loss
	4
	0.82
	Good internal consistency

	NRW Commercial Loss
	4
	0.79
	Acceptable internal consistency

	NRW Management Cost
	4
	0.75
	Acceptable internal consistency

	Efficiency of Water Projects
	4
	0.81
	Good internal consistency


[bookmark: _Toc377322140][bookmark: _Toc377325482]Source: Research Findings (2024)
[bookmark: _Toc171261809][bookmark: _Toc377322141]

[bookmark: _Toc377325483]4.4	 Descriptive and Qualitative Findings
The descriptive characteristics of all the items of the latent variables were assessed and the findings presented in response to each latent variable.
[bookmark: _Toc377322142][bookmark: _Toc377325484]4.4.1 The Effect of NRW Physical Loss on the Efficiency of Water Projects in Tanzania
In order to ascertain how physical losses of NRW affect the effectiveness of water projects in Tanzania, the study evaluated four crucial indicators: leakage, anticipated water waste, water theft, and the absence of an effective leak control unit. A 5-point Likert scale was used to assess these indicators, and the results showed that respondents strongly agreed with all of the items, suggesting that physical loss seriously impairs the performance of the water system.
First, with a mean score of 4.26 and a standard deviation of 0.966, most respondents agreed that there were water leaks in MUWSA's infrastructure. This comparatively high mean indicates broad agreement that physical water losses are mostly caused by infrastructure flaws like corroded pipes, ageing mains, and damaged joints. The low response variability suggests that perceptions are consistent across respondent categories and departments. The implication is significant: if MUWSA keeps running without methodically fixing these leaks, the treatment and pumping of water that is eventually lost before it reaches the customer will increase operating costs. This compromises resource sustainability in addition to lowering the amount of billable water. Investment in pipe replacement and preventive maintenance is therefore essential to lowering needless losses and enhancing service dependability.
Second, respondents with a mean score of 4.29 and a standard deviation of 1.118 brought attention to the problem of expected water losses. This indicates an understanding that water infrastructure is inevitably vulnerable to physical losses brought on by deterioration or design flaws. The strong consensus, however, also implies that these losses are taking place at higher than usual levels, which emphasises the necessity of more aggressive distribution network management. This suggests that MUWSA needs to change from a reactive to a proactive maintenance approach, which entails data-driven asset management planning, pressure management, and routine network assessments. If this is ignored, attempts to increase the efficiency of water projects will continue to be hampered because more money will be used to make up for losses rather than to increase coverage or raise the standard of services.
Additionally, with a mean of 4.20 and a standard deviation of 1.214, respondents confirmed the problem of water theft, which includes tampering with meters and illegal connections. The high mean suggests that unapproved water use is a common issue, despite slightly more varied perceptions. Demand projections are skewed, infrastructure is strained, and revenue collection is directly decreased by this type of NRW. There are two ramifications: first, in order to discourage theft, MUWSA needs to make investments in more robust customer surveillance, digital metering systems, and harsh legal frameworks. Second, in order to encourage voluntary compliance, community awareness campaigns can play a critical role in informing users about the harm that illegal connections can cause to the entire community. When some consumers are thought to unfairly benefit from water theft, it not only has an impact on financial sustainability but also erodes institutional trust.
Finally, with a mean of 4.24 and a standard deviation of 0.990, the belief that MUWSA lacks an effective leak detection and control unit was confirmed. This result illustrates a structural institutional deficiency in effectively handling actual losses. The lack of a dedicated unit raises the possibility that leak detection and repair will be postponed, lengthening the time and amount of water lost in each incident. From an operational perspective, this inefficiency raises service delivery costs overall, customer dissatisfaction, and downtime. The conclusion is obvious: MUWSA needs to give top priority to establishing a specialised, well-trained, and equipped leak control unit. The performance of the water utility as a whole and customer satisfaction could be enhanced by such a unit using technologies like smart meters, acoustic sensors, and GIS-based systems to quickly identify and address leaks.
In summary, the results for each of the four indicators show that the efficiency of water projects is significantly impacted by NRW physical losses. In addition to being technical, these losses have their roots in systemic management deficiencies, inadequate infrastructure investment, and lax enforcement. In order to break the cycle of high NRW and low efficiency and move towards a more sustainable, inclusive, and financially viable water supply model, MUWSA must address these problems holistically. The findings are presented in Table 4.6;


[bookmark: _Toc134735727][bookmark: _Toc171263668][bookmark: _Toc377323973]Table 4.6:	Descriptive Statistics on NRW Physical Loss
	[bookmark: _Hlk134551991]Statements 
	N
	Min
	Max
	Mean
	Std Dev

	There are water leakages in water infrastructures at MUWSA
	187
	2
	5
	4.26
	0.966

	Normal losses are happening in the water infrastructure, causing NRW physical losses
	187
	1
	5
	4.29
	1.118

	There are water theft cases reported at MUWSA leading to physical losses of NRW
	187
	1
	5
	4.20
	1.214

	MUWSA doesn’t have an efficient water leakage control unit, leading to NRW's physical loss
	187
	2
	5
	4.24
	[bookmark: _Hlk174017207]0.990


Source: Study Findings (2024)
The findings were similar to those obtained from the interviews, revealing that there has some physical losses of NRW at MUWSA. Interviews with MUWSA officials and field observations indicate that aging infrastructure, including old and corroded pipelines, significantly contributes to physical water losses. Frequent pipe bursts and leakages are common, particularly in areas with outdated water distribution networks, leading to substantial water wastage before it reaches consumers. Additionally, the lack of regular maintenance and timely repairs exacerbates the problem, as minor leaks often go unnoticed until they become significant issues. One of the MUWSA engineers remarked,
"The pipelines are old and prone to leaks, which leads to a considerable amount of water being lost before it even reaches consumers. The engineer added that regular maintenance is crucial, but the resources and time required to address all the issues are often insufficient……” (MUWSA Officials Interviews, July, 2024). 
Moreover, staff members have pointed out that limited financial resources and technical expertise hinder efforts to upgrade the water infrastructure, making it challenging to effectively address the root causes of physical water losses. It was noted from one of the field officers that;
"Leaks can go unnoticed for long periods, especially in areas with difficult access or where the infrastructure is buried underground due to limited expertise and financial resources" This delay in identifying and repairing leaks exacerbates the problem of physical losses.” (MUWSA Officials Interviews, July, 2024).
Therefore, the qualitative insights emphasize the complexity of managing NRW physical losses at MUWSA and highlight the need for comprehensive strategies that address both technical and resource-related challenges.
[bookmark: _Toc171261811][bookmark: _Toc377322143][bookmark: _Toc377325485]4.4.2 The Effects of NRW Commercial Loss on The Efficiency of Water Projects in Tanzania
The study concentrated on four indicators—inaccurate metering, data handling errors, unknown water connections, and inefficiencies in bill collection—to determine how commercial losses affect Tanzania's water projects' inefficiency, specifically at the MUWSA. A 5-point Likert scale was used to evaluate each, and the results showed consistently high levels of agreement, suggesting that people strongly believe that commercial losses significantly impair project performance.
With a mean of 4.26 and a standard deviation of 0.966, the problem of inaccurate metering was identified as a major commercial loss factor. This demonstrates that the majority of respondents agreed or strongly agreed that MUWSA has a recurring issue with defective, antiquated, or incorrectly calibrated meters. Customers' trust and revenue streams are impacted by underbilling or overbilling caused by this inaccurate water usage tracking. The implication is obvious: MUWSA needs to make investments in cutting-edge, digital, and impenetrable metering infrastructure that guarantees precise consumption measurement in order to increase efficiency. In addition to increasing billing accuracy, this would also increase accountability and lower dispute rates.
Second, one of the main causes of NRW commercial losses was found to be data handling errors, specifically in the billing system. Respondents strongly agreed that such errors happen often, as evidenced by the mean score of 4.35 and standard deviation of 1.002. These include system malfunctions, inaccuracies in data entry, and discrepancies between billing and consumption records. There are two implications here: It emphasises the necessity of a strong, integrated billing and customer information system (CIS) in the first place, as well as the significance of providing staff with training in digital literacy and data quality assurance. Simplifying these processes would guarantee accurate and on-time billing, cut down on revenue leaks, and promote the long-term financial viability of the project.
With a high mean of 4.30 and a standard deviation of 1.015, the existence of unknown water connections—pipes that supply water without official registration or billing—was also verified. Illegal tapping or improperly documented historical system expansions may be the cause of these connections. Because they generate unbilled consumption and overload system capacity, they have a significant financial impact. It follows that in order to find and regularise all unregistered connections, MUWSA must carry out a thorough network audit that includes geospatial mapping. Control, demand forecasting, and revenue collection from all service users would all be improved by doing this.
Finally, with a high mean of 4.35 and standard deviation of 1.053, inefficiencies in bill collection were also widely reported. This shows that even when water use is accurately measured and billed, revenue realisation is undermined by bad collection practices, like delayed invoices, a failure to follow up on arrears, or a lack of payment platforms. It follows that MUWSA needs to improve its financial management by automating collection procedures, increasing the number of digital and mobile payment methods, and implementing laws that penalise nonpayment. Effective collection methods would guarantee consistent cash flow and enhance the Authority's ability to continue providing and growing its services.
To sum up, the study's findings of commercial losses point to structural inefficiencies in the water utility's financial and administrative processes. In addition to institutional changes and technology advancements, addressing these losses calls for a change in management culture that prioritises accountability, data-driven decision-making, and customer-centric service delivery. The financial and operational performance of MUWSA's water projects can be greatly enhanced by addressing inaccurate metering, enhancing data handling, removing unknown connections, and increasing collection efficiency. Table 4.7 displays the findings.
[bookmark: _Toc134735728][bookmark: _Toc171263669]

[bookmark: _Toc377323974]Table 4.7:	Descriptive Statistics on NRW Commercial Loss
	[bookmark: _Hlk134552010]Statements 
	N
	Min
	Max
	Mean
	Std Dev

	There are cases of inaccurate metering leading to NRW commercial losses at MUWSA
	187
	2
	5
	4.26
	0.966

	There are moments of data handling errors, particularly on the billing system, leading to NRW commercial losses
	187
	1
	5
	4.35
	1.002

	There are unknown water connections in the water network, leading to commercial losses for NRW
	187
	1
	5
	4.30
	1.015

	There are cases of bill collection inefficiencies at MUWSA.
	187
	2
	5
	4.35
	1.053


Source: Study Findings (2024)
The findings were parallel to those obtained through interviews; interviewees consistently pointed out the issue of inaccurate metering as a significant contributor to commercial losses. Many meters were reported to be outdated or malfunctioning, leading to under-recording of water consumption. This problem was particularly prevalent in older parts of the distribution network, where meter replacement and maintenance have been delayed due to budget constraints. As a result, a substantial amount of water consumed by customers is not accurately billed, exacerbating the commercial losses for MUWSA. One of the interviewees said;
“We often face discrepancies between the actual water consumption and the amounts billed to customers, leading to significant revenue losses." This issue was attributed to outdated metering systems and occasional human errors in meter reading, which result in underreporting of water usage….” (MUWSA Officials Interviews, July, 2024).
Another prominent theme was the challenge of illegal connections and water theft. Several respondents, including MUWSA staff and community leaders, highlighted that unauthorised connections persist in certain areas, particularly in informal settlements and peri-urban regions. These illegal connections are often difficult to detect and control due to these areas' complex and unregulated nature. Moreover, some interviewees suggested that there might be collusion between specific customers and lower-level MUWSA employees, who facilitate these illegal connections in exchange for bribes. It was noted from one of the interviewees that;
“Unauthorized connections are a major concern. We have found instances where individuals or even businesses bypass the official water supply systems, drawing water without being billed" (MUWSA Official Interviews, July 2024).
Moreover, the interviews revealed concerns about billing inefficiencies and customer database management contributing to commercial losses. Respondents noted that delays in billing, errors in customer records, and the inability to track and reconcile water usage data have led to discrepancies in revenue collection. One of the officials remarked;
“We struggle with maintaining up-to-date customer records, which complicates the billing process and contributes to revenue losses….” (MUWSA Officials Interviews, July, 2024).
The findings suggest that while efforts have been made to address these issues, ongoing challenges in infrastructure, technology, and enforcement continue to impact the effectiveness of NRW management at MUWSA.
[bookmark: _Toc171261812][bookmark: _Toc377322144][bookmark: _Toc377325486]4.4.3 The Effects of NRW Management on The Efficiency of Water Projects in Tanzania
Using MUWSA as a case study, the study assessed the ways in which management-related factors affect NRW and, consequently, the effectiveness of water projects in Tanzania. A 5-point Likert scale was used to collect responses for the assessment, which was centred on four main areas: operations cost, maintenance efficiency, repair timeliness, and repair cost. A general concern about the difficulties and inefficiencies in managing NRW is reflected in the consistently high mean values across these indicators.
First, as evidenced by the highest mean value of 4.48 and a standard deviation of 0.863, respondents strongly agreed that MUWSA operates its water system inefficiently. This broad agreement identifies structural inefficiencies in water operations planning, monitoring, and control. Ineffective operations can result in unreported leaks, excessive energy use, and resource misallocation, all of which have a direct negative impact on project performance and raise operating costs. This means that in order to increase productivity and lower losses, MUWSA needs to create more organised operational processes, implement real-time monitoring tools like SCADA systems, and educate employees on proactive water management.
Second, as indicated by a mean of 4.25 and a standard deviation of 1.061, the study showed that water network maintenance is slow, particularly when addressing damaged pipes. According to this, the majority of respondents think that maintenance procedures are reactive rather than preventive, which causes response delays and longer periods of untreated water loss. The implication is crucial: operational efficiency would be greatly increased by a move towards predictive maintenance that makes use of data analytics and routine network diagnostics. For prompt interventions, MUWSA must set precise maintenance procedures and performance standards.

Furthermore, with a mean score of 4.36 and a standard deviation of 1.013, respondents concurred that water pipe repairs require a significant amount of time. Long-term physical water losses, decreased supply dependability, and unhappy customers are all consequences of delayed repairs. Furthermore, because damage escalates over time, the cost of postponed repairs frequently surpasses that of immediate interventions. It follows that in order to shorten repair turnaround times and increase service dependability, MUWSA should upgrade its emergency response systems, stock necessary repair supplies, and assign decision-making authority at the local level.
Finally, with a mean score of 4.35 and a standard deviation of 1.053, respondents stated that leak repair expenses are constantly high. Outdated infrastructure, the use of inferior materials, or ineffective procurement procedures can all contribute to high repair costs. This puts more strain on the water utility's finances, making it harder for it to invest in growth or quality enhancement. In order to reduce long-term expenses, MUWSA is required to adopt life-cycle costing in procurement, perform a cost-benefit analysis of its repair procedures, and think about making investments in more robust infrastructure.
Thus, the results highlight how inefficiencies in NRW management, whether in day-to-day operations, maintenance response, repair procedures, or cost control, seriously impair the sustainability and efficiency of water projects. MUWSA must implement a thorough NRW management plan that prioritises prompt repairs, cost effectiveness, infrastructure modernisation, and the deployment of a skilled workforce in order to improve performance. In addition to enhancing project results, this would boost customer trust and guarantee the region's water supply services' long-term viability. The findings are displayed in Table 4.8.
[bookmark: _Toc134735729][bookmark: _Toc171263670][bookmark: _Toc377323975]Table 4.8:	Descriptive Statistics on NRW Management
	[bookmark: _Hlk134552034]Statements 
	N
	Min
	Max
	Mean
	Std Dev

	MUWSA has inefficient water system operations
	187
	1
	5
	4.48
	0.863

	There is sometimes slow maintenance of water network systems when it comes to damaged pipe
	187
	1
	5
	4.25
	1.061

	It usually takes time before the water pipes are repaired during damage
	187
	1
	5
	4.36
	1.013

	The cost of repair for leakages is always high
	187
	2
	5
	4.35
	1.053


Source: Study Findings (2024)
The qualitative interviews conducted with staff at the MUWSA reveal a multifaceted approach to managing NRW. One prominent strategy identified is the implementation of advanced leak detection systems. Interviewees emphasized the effectiveness of these systems in identifying and repairing leaks before they escalate, thus significantly reducing water losses.
"We’ve implemented various leak detection technologies to identify and address leaks before they become significant issues. This proactive approach not only helps in reducing NRW but also in minimizing the operational costs associated with water losses….”
Another key strategy highlighted in the interviews is the emphasis on stakeholder engagement and community involvement. Stakeholders at MUWSA have recognized the importance of educating consumers about water conservation and the impact of NRW. Interviewees reported that community outreach programs and public awareness campaigns have been instrumental in fostering a culture of water conservation among residents. By involving consumers in reporting leaks and promoting responsible water use, MUWSA has been able to address NRW issues more effectively and encourage collaborative efforts in managing water resources.
“Educating the public about the impact of NRW and encouraging them to report leaks has helped us involve the community in our efforts. We've seen a positive response from customers who now understand the importance of reporting issues promptly. This collaboration with the community has made a tangible difference in reducing our NRW levels."
The interviews revealed that MUWSA is focusing on capacity-building and staff training as a strategic priority. Stakeholders pointed out that investing in the skills and knowledge of employees is essential for effective NRW management. Training programs have been developed to enhance technical skills in areas such as pipeline maintenance, system monitoring, and data analysis. This capacity-building initiative is aimed at ensuring that MUWSA’s staff is well-equipped to handle the challenges associated with NRW.
"Training our staff on the latest NRW management practices and technologies has been crucial. It’s not just about having the right tools; our team needs to be proficient in using them effectively. Regular workshops and refresher courses for our technicians ensure that everyone is up-to-date with the best practices in water conservation and leakage control."
[bookmark: _Toc148392055][bookmark: _Toc149592239][bookmark: _Toc171261813]Overall, these qualitative findings suggest that MUWSA's multifaceted strategies, including technology adoption, improved billing systems, and staff training, are integral to their efforts in reducing Non-Revenue Water and enhancing water project efficiency.
[bookmark: _Toc377322145][bookmark: _Toc377325487]4.5 	Multiple Regressions Analysis
Multiple regression analysis was used in the study to determine how Tanzanian water projects' efficiency was impacted by NRW management, NRW physical loss, and NRW commercial loss. However, as multiple regression assumptions, the normality, multicollinearity, and heteroscedasticity tests were performed prior to the execution of the multiple regression analysis. Below is a discussion and presentation of each diagnostic test;
[bookmark: _Toc377322146][bookmark: _Toc377325488]4.5.1 Model Fitness Test
The model fitness was evaluated using the ANOVA test. In order to determine whether the model is suitable for explaining the fluctuations of the dependent variable—the effectiveness of water projects—an evaluation was conducted. Consequently, the results showed that the model could account for 52.0% of the variation in water project efficiency (101.253 sums of squares out of 194.796). Additionally, the results showed a p-value of 0.000, which at 5% is significant. Consequently, this indicates that the model plays a significant role in explaining the differences in water project efficiency. The findings are indicated in Table 4.9.
[bookmark: _Toc171263671][bookmark: _Toc149592546][bookmark: _Toc148564031]

[bookmark: _Toc377323976]Table 4.9:	ANOVA 
	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Regressions
	101.253
	3
	33.751
	66.028
	0.000b

	Residual
	93.543
	183
	0.511
	
	

	Total
	194.796
	186
	
	
	


Source: Research Findings (2024)
[bookmark: _Toc171261814][bookmark: _Toc117540455][bookmark: _Toc148392057][bookmark: _Toc149592240][bookmark: _Toc377322147][bookmark: _Toc377325489]4.5.2	Normality Test
The study employed a Kolmogorov-Smirnov test to ascertain whether the data were normally distributed prior to performing multiple regression. The results demonstrated that all independent and dependent variables had a significant level below 0.05 (P-value=0.000), suggesting that the data are normally distributed. The test was conducted at a 5% level of significance (Table 4.9).
[bookmark: _Toc117540690][bookmark: _Toc148392078][bookmark: _Toc149592543][bookmark: _Toc171263672][bookmark: _Toc377323977]Table 4.10:	Kolmogorov-Smirnov
	Variables
	Kolmogorov-Smirnov

	
	Statistic
	df.
	Sig.

	NRW`s Physical Loss
	0.310
	187
	0.000

	NRW`s Commercial Loss
	0.283
	187
	0.000

	NRW`s Management
	0.219
	187
	0.000

	Efficiency of Water Projects
	0.293
	187
	0.000


Source: Research Findings (2024)
[bookmark: _Toc117540456][bookmark: _Toc148392058][bookmark: _Toc149592241][bookmark: _Toc171261815][bookmark: _Toc377322148][bookmark: _Toc377325490]4.5.3 Multicollinearity Diagnostic Test
When there is no multicollinearity in the data, multiple regressions can be performed. In essence, this is the presumption that there is little correlation between the independent variables. Thus, in accordance with Gujarati (2004), a multicollinearity test was performed using a Variance Inflation Factor (VIF), with a threshold of a VIF value of 10. Thus, according to the results of the multicollinearity test, the VIF values for NRW management, NRW commercial loss, and NRW physical loss were 1.809, 4.928, and 5.558, respectively. As a result, none of the independent variables were highly correlated, with each having a VIF value below 10. The findings are shown in Table 4.10.
[bookmark: _Toc117540691][bookmark: _Toc171263673][bookmark: _Toc148392079][bookmark: _Toc149592544][bookmark: _Toc377323978]Table 4.11:	Multicollinearity Test Results
	
Variable
	Collinearity Statistics

	
	Tolerance
	VIF

	NRW`s Physical Loss
	0.203
	4.928

	NRW`s Commercial Loss
	0.180
	5.558

	NRW`s Management
	0.553
	1.809


Source: Research Findings (2024)
[bookmark: _Toc171261816][bookmark: _Toc148392059][bookmark: _Toc149592242][bookmark: _Toc117540457][bookmark: _Toc377322149][bookmark: _Toc377325491]4.5.4 	Heteroscedasticity Test
[bookmark: _Hlk102655365]To ascertain whether there was a heteroscedasticity problem, a heteroscedasticity test was conducted using scattered plots prior to conducting a multiple regression. The dispersed plots lack any pattern, according to the heteroscedasticity results. This implies that heteroscedasticity is not a problem, allowing multiple regression analysis to continue. Figure 4.1 below indicates the heteroscedasticity test results;
[image: ]
[bookmark: _Toc149592663][bookmark: _Toc171263710][bookmark: _Toc117540821][bookmark: _Toc377323982]Figure 4.1:	Heteroscedasticity Test
Source: Research Findings (2024)
[bookmark: _Toc377322150][bookmark: _Toc377325492]4.5.5 	Multiple Regression Model Summary
The three independent variables (NRW Physical Loss, NRW Commercial Loss, and NRW Management) and the dependent variable (Efficiency of Water Projects) showed a 72.1% (R = 0.721) correlation, according to the multiple regression results. Additionally, 52.0% of the variation in water project efficiency was explained by the three predictors (R2= 0.520). Findings are presented in Table 4.11.
[bookmark: _Toc171263674][bookmark: _Toc108363490][bookmark: _Toc117174906][bookmark: _Toc377323979][bookmark: _Toc148392080][bookmark: _Toc135298993][bookmark: _Toc143778202][bookmark: _Toc149592545]Table 4.12:	Multiple Regression Model Summary 
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	0.721a
	0.520
	0.512
	0.71496


Source: Research Findings (2024)
[bookmark: _Toc377322151]

[bookmark: _Toc377325493]4.5.6	Multiple Regression Coefficients 
Furthermore, the multiple regressions analysis produced the multiple regressions coefficients. The findings noted that NRW physical loss has a negative and significant effect on the efficiency of water projects (B=-0.293, p-value=0.017). Moreover, the findings revealed that NRW commercial loss has a negative and significant effect on the Efficiency of water projects (B=-0.570, p-value=0.000). On the other hand, findings revealed that NRW management has a regression coefficient of 0.073 and a p-value of 0.539, indicating that it has a positive but insignificant effect on the Efficiency of water projects. 
The findings are presented in Table 4.12.
[bookmark: _Toc149592547][bookmark: _Toc148392081][bookmark: _Toc143274676][bookmark: _Toc171263675][bookmark: _Toc377323980]Table 4.13:	Regression Coefficients
	
	Unstandardized Coefficients
	Standardized Coefficients
	
t
	
Sig.

	
	β
	Std. Error
	Beta
	
	

	(Constant)
	5.514
	0.388
	
	14.226
	0.000

	NRW`s Physical Loss
	-0.293
	0.122
	-0.273
	-2.404
	0.017

	NRW`s Commercial Loss
	-0.570
	0.139
	-0.494
	-4.093
	0.000

	NRW`s Management
	0.073
	0.118
	0.042
	0.615
	0.539


Source: Research Findings (2024)
[bookmark: _Toc377322152][bookmark: _Toc377325494]4.6	 Discussion of Findings
[bookmark: _Toc377322153][bookmark: _Toc377325495]4.6.1	 NRW Physical Loss and the Efficiency of Water Projects
The study's conclusions showed that NRW physical loss significantly and negatively affects water projects' efficiency. A regression coefficient of -0.293 indicates that the efficiency of water projects decreases by 0.293 units for every unit increase in NRW physical loss. Given that a p-value of 0.017 is less than 0.05, the effect is significant. This further suggests that the efficiency of water projects declines as the amount of physical losses in water distribution systems rises. Physical losses, such as leaks, pipe breaks, and other types of water waste directly reduce the quantity of water available for use and income generation. As a result, the increased physical loss of water resources raises operating costs and decreases the effectiveness of water supply projects in achieving their goals. This inefficiency is especially noticeable in places with outdated infrastructure or poor upkeep procedures. The substantial impact emphasises how important it is to closely monitor and maintain water distribution systems in order to reduce physical losses and improve the overall effectiveness of water projects.
Recent empirical studies have brought to light the substantial effect that NRW physical loss has on water project efficiency. Water utilities around the world, particularly in developing nations, face significant challenges due to NRW physical loss, which includes leaks, bursts, and unauthorised consumption. Significant inefficiencies brought on by NRW physical loss can result in monetary losses as well as a decline in the capacity to provide communities with safe and dependable water services.
According to a study done in Uganda by Mutikanga et al. (2022), physical water losses accounted for more than half of the total NRW, which greatly decreased the effectiveness of water supply systems. According to the study, these losses had a direct effect on the overall effectiveness of water projects by raising operating expenses and lowering water availability. Similarly, physical losses were the most important component of NRW, leading to significant inefficiencies, according to Al-Washali et al. (2021) in their study on Yemeni water utilities. In regions with ageing infrastructure, where leaks were common and repair times were prolonged by a lack of resources, the inefficiencies were especially noticeable.
Santos and Baptista (2020) conducted another empirical study in Brazil that examined the connection between water utility performance and physical water losses. The results showed a significant inverse relationship between operational efficiency and physical water losses, suggesting that water project performance declined as physical losses rose. The study also highlighted how proactive maintenance and infrastructure upgrades could significantly increase the efficiency of water projects by mitigating physical losses.
All of these results highlight how NRW physical loss reduces the effectiveness of water projects. According to the studies, improving the performance and sustainability of water supply systems requires reducing these losses through planned infrastructure investments, routine maintenance, and better management techniques.
[bookmark: _Toc377322154]

[bookmark: _Toc377325496]4.6.2 	NRW Commercial Loss and The Efficiency of Water Projects
The results of the research indicate that NRW commercial loss significantly and negatively affects water projects' efficiency. The effect's regression coefficient was -0.570, meaning that for every unit increase in NRW commercial loss, water project efficiency decreases by 0.570 units. With a p-value of 0.000, which is less than 0.05, the effect is likewise significant. As a result, water utilities' revenue is directly impacted by NRW commercial losses. This revenue loss eventually affects the overall performance and sustainability of water projects by reducing the amount of money available for upkeep, infrastructure development, and service expansion.
Furthermore, recent empirical research has repeatedly shown how Non-Revenue Water (NRW) commercial losses negatively impact water project efficiency. For example, high levels of NRW commercial losses drastically lower the operational efficiency of water utilities by depleting the funds required for reinvestment in the water supply network, according to a Tanzanian study by Mwamaso et al. (2022). This inefficiency impacts long-term planning and capacity building in addition to making it more difficult for utilities to meet the present water demand.
Similar to this, a study carried out in Brazil by da Silva et al. (2021) discovered that commercial losses fuelled a vicious cycle in which lower revenue prompted underinvestment in vital infrastructure, which exacerbated water losses and further reduced efficiency. To reduce these losses and boost project efficiency, the study underlined the necessity of better monitoring systems, more accurate metering, and stronger billing procedure enforcement. Furthermore, lowering NRW commercial losses is essential for improving the effectiveness and financial sustainability of water projects, according to a thorough analysis conducted by the World Bank in 2023 across several developing nations. According to the findings, resolving these losses might improve overall project outcomes by giving water utilities substantial improvements in service delivery and financial stability.
Together, these studies highlight how crucial it is to reduce NRW commercial losses in order to guarantee the long-term viability and effective operation of water projects. These losses have a detrimental and substantial effect on project efficiency in a variety of contexts, which emphasises the necessity of focused interventions to address this problem.
[bookmark: _Toc377322155][bookmark: _Toc377325497]4.6.3	NRW Management and The Efficiency of Water Projects
With a regression coefficient of 0.073, the study's results indicate that NRW management improves water project efficiency, albeit marginally. This shows that the efficiency of water projects increases by 0.073 units for every unit of NRW management; however, the effect is not significant because a p-value of 0.539 was obtained. This implies that although attempts to control and lower NRW might lead to increased productivity, these actions by themselves do not ensure appreciable gains in project results. 
Numerous factors, such as the size and scope of the NRW interventions, the underlying infrastructure issues, or the degree of current inefficiencies within the water projects, could be responsible for the effect's insignificance. To make a significant impact on efficiency, it might be necessary to implement more comprehensive strategies that combine NRW management with more general water resource management techniques and infrastructure investments. The complexity of water management systems, where a number of factors interact to affect overall project performance, is further highlighted by this finding, underscoring the need for a more comprehensive strategy to address NRW and improve the efficiency of water projects.
Furthermore, recent empirical research indicates that although NRW management initiatives are frequently positively connected with increases in water project efficiency, the effects may not be statistically significant. Ncube et al. (2023), for example, examined the connection between water utility efficiency and NRW management in sub-Saharan Africa. According to the study, utilities with strong NRW management procedures demonstrated a tendency towards increased efficiency, but the difference was not statistically significant. The intricacy of water distribution systems and the wide range of variables affecting effectiveness, including infrastructure age, financial investment, and governance concerns, are the authors' explanations for this.
In a similar vein, Fregoso et al.'s (2022) study in Latin America and the Caribbean found a positive but statistically insignificant correlation between water utility efficiency and NRW management. The study underlined that although NRW management is essential for lowering losses and enhancing water availability, overall efficiency is more heavily influenced by other elements such as operational costs, institutional frameworks, and customer service quality. Therefore, NRW management might not be enough on its own to greatly improve water project efficiency.
In order to achieve notable improvements in water utility performance, these findings emphasise the necessity of a comprehensive approach to water project management, where NRW management is integrated with other efficiency-enhancing strategies, such as financial management, infrastructure development, and governance reforms. This all-encompassing strategy guarantees that, even though NRW management advances the overall objective, its effects are reinforced by other crucial elements, producing significant and statistically significant results in terms of the efficiency of water projects.


[bookmark: _Toc377322156]

[bookmark: _Toc377325498]CHAPTER FIVE
[bookmark: _Toc377322157][bookmark: _Toc377325499]SUMMARY, CONCLUSION AND RECOMMENDATIONS
[bookmark: _Toc377322158][bookmark: _Toc377325500]5.1 	Introduction
This chapter concludes the study by offering a summary of the key findings, as well as the conclusion and recommendations based on the specific objectives of the study. The chapter also has suggested areas for further study. 
[bookmark: _Toc377322159][bookmark: _Toc377325501]5.2 	Summary of the Key Findings
In general, the study looked at how Tanzanian water projects at MUWSA were affected by non-revenue water. The study's three main goals were to ascertain how Tanzanian water projects' efficiency was impacted by NRW physical loss. to investigate how Tanzanian water projects' efficiency is affected by NRW commercial loss. and ascertain how Tanzanian water projects' efficiency is impacted by NRW management expenses. 
The results showed that NRW physical loss significantly and negatively affects water project efficiency (B=-0.293, p-value=0.017). Additionally, the results showed that NRW commercial loss significantly and negatively affects water project efficiency (B=-0.570, p-value=0.000). However, results showed that NRW management has a positive but negligible impact on water project efficiency, with a regression coefficient of 0.073 and a p-value of 0.539.
[bookmark: _Toc377322160][bookmark: _Toc377325502]5.3 	Conclusion
[bookmark: _Hlk192864311]The negative and significant effect of NRW physical loss on the efficiency of water projects underscores the critical challenge that water utilities face in optimizing their operations. Physical losses, which include leaks and bursts in the water distribution network, directly diminish the amount of water available for consumers and increase operational costs due to the need for additional water production and maintenance efforts. Empirical studies consistently show that high levels of physical losses in NRW are detrimental to the efficiency of water projects, as they lead to resource wastage, reduced service reliability, and financial strain on water utilities.
The negative and significant effect of NRW commercial loss on the efficiency of water projects underscores a critical challenge for the water sector. High levels of commercial losses diminish the financial resources available for maintaining and improving water infrastructure. This reduction in financial efficiency hampers the overall effectiveness and sustainability of water projects, leading to inadequate service delivery and constrained capacity for future investments.
NRW management has been identified as a factor with a positive effect on the efficiency of water projects, the impact is statistically insignificant. This suggests that while effective NRW management practices may contribute to improved operational performance and resource utilization in water projects, their influence alone is not substantial enough to drive significant changes in overall project efficiency. The findings highlight the need for a more comprehensive approach that includes additional factors such as technological advancements, policy improvements, and stakeholder engagement to achieve meaningful enhancements in water project efficiency.
[bookmark: _Toc377322161]

[bookmark: _Toc377325503]5.4	Recommendations
Water utilities must prioritize robust infrastructure management and maintenance to address the negative and significant impact of NRW physical losses on the efficiency of water projects. Implementing advanced leak detection technologies and regular pipeline inspections can significantly reduce physical losses. Additionally, investing in rehabilitating and upgrading aging infrastructure will mitigate the frequency and severity of leaks. Water utilities should also consider adopting comprehensive NRW management strategies, including real-time monitoring and data analytics, to swiftly identify and address issues. Collaboration with stakeholders, including local communities and regulatory bodies, is essential to support and sustain these initiatives. By focusing on these measures, water utilities can enhance the overall efficiency of water projects, ensuring a more reliable and sustainable water supply.
Based on the empirical findings indicating the negative and significant effect of NRW commercial loss on the efficiency of water projects, it is recommended that water utilities implement comprehensive strategies to mitigate these losses. First, enhancing metering accuracy and ensuring proper billing practices are crucial in reducing commercial losses. Utilities should invest in advanced metering infrastructure (AMI) and regular audits to identify and rectify discrepancies in billing. Additionally, improving customer service and engagement can help address issues related to disputes and unpaid bills. Implementing robust monitoring systems and employing data analytics can also aid in detecting and addressing fraudulent activities and billing errors. Finally, fostering collaboration with local communities to raise awareness about the importance of accurate metering and timely payments can contribute to minimizing commercial losses and improving overall water project efficiency.
Based on the observed positive but insignificant effect of Non-Revenue Water (NRW) management on the efficiency of water projects, it is recommended that stakeholders and policymakers adopt a multifaceted approach to enhance NRW management strategies. While the positive effect suggests that better NRW management can improve efficiency, the lack of statistical significance indicates that other factors may play a more critical role. Therefore, it is crucial to integrate NRW management with comprehensive water project management frameworks that address various dimensions such as infrastructure quality, operational practices, and stakeholder engagement.
[bookmark: _Toc377322162][bookmark: _Toc377325504]5.5	Limitations of the Study
Despite its contributions, this study encountered several limitations that may influence the interpretation and applicability of its findings. First, the use of a cross-sectional design limited the study’s ability to establish causality between NRW components and the efficiency of water projects. By capturing data at a single point in time, the study could not account for temporal changes, trends, or the long-term impacts of NRW interventions. A longitudinal approach would have provided a more comprehensive picture of how fluctuations in NRW affect project outcomes over time.
Secondly, data availability posed a constraint, particularly in obtaining internal records and technical performance reports from MUWSA. The study relied heavily on self-reported data through structured questionnaires, which are subject to recall bias and subjective interpretation. The absence of access to certain operational or financial data, such as historical leakage rates, repair response times, or water audit results, limited the depth of the analysis and may have excluded critical dimensions of NRW efficiency.
Moreover, the sample size and scope of the study may affect the generalizability of the results. Although 187 respondents were included—spanning various departments such as technical, commercial, procurement, and customers—the study was confined to a single urban water utility, MUWSA, in Kilimanjaro region. This limits the ability to generalize findings to other regions or rural utilities, where structural and operational conditions may differ significantly. Additionally, the demographic composition of the respondents, including a majority of male participants and a concentration of respondents in specific age and experience categories, may introduce certain biases in perspectives.
Finally, the study's exclusive use of a quantitative methodology to measure subjective perceptions and operational practices may have overlooked contextual or nuanced explanations that a qualitative approach could capture. While the survey provided standardized data, in-depth interviews or focus group discussions would have enriched the understanding of systemic issues, managerial challenges, and socio-political dynamics influencing NRW.
Overall, while the findings remain relevant and informative, these limitations should be acknowledged when interpreting the results or applying them to broader contexts. Future studies should consider mixed-method approaches, multiple utility comparisons, and longitudinal analysis to overcome these constraints and strengthen the robustness of evidence on NRW and water project efficiency.
[bookmark: _Toc377322163][bookmark: _Toc377325505]5.6 	Areas for Further Study
Future research on the effect of NRW on the efficiency of water projects, particularly in the context of MUWSA, could explore several key areas. One area of interest is the development and implementation of innovative technologies and strategies to reduce physical water losses, such as advanced metering infrastructure, leak detection systems, and pressure management techniques. Another important area is the socio-economic implications of NRW reduction efforts, including how consumer behavior, water pricing, and community engagement influence the success of NRW management. Additionally, studying the impact of governance, regulatory frameworks, and institutional capacity on NRW control could provide valuable insights into how policy interventions can enhance water project efficiency. Finally, comparative studies between MUWSA and other water utilities in Tanzania or similar regions could offer a broader understanding of the challenges and best practices in NRW management.
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[bookmark: _Toc157260871][bookmark: _Toc201613278][bookmark: _Toc377322165]APPENDIX I: QUESTIONNAIRE FOR MOSHI URBAN WATER AND SANITATION AUTHORITY
Dear Respondent,
My name is Kija Kimbe Ng’wigulu pursuing a Master’s Degree in Project Management of the Open University of Tanzania. I’m conducting research on the “The Effect of Non-Revenue Water on the Efficiency of Water Projects in Tanzania, A Case of Moshi Urban Water Supply and Sanitation Authority”. I respectfully call for your cooperation in answering the questions herewith. Your commitment as well as your time in filling this questionnaire will be highly appreciated. Be assured that all the information you provide will be treated as confidential and will be used for this study only. Thank you.
SECTION A: RESPONDENTS DEMOGRAPHIC INFORMATION
Please tick the correct answer
1. What is your Gender?
a) Male              {  } 
b) Female           {  }  
2. What is your Age?
a) 18 – 27 years              {  } 
b) 28 – 37 years              {  }
c) 38 – 47 years              {  }
d) 48 – 57 years              {  }
e) 58 years and above     {  }
3. What is your education level?
a) Certificate                  		{  } 
b) Diploma                     		{  }
c) Bachelor`s Degree     		{  }
d) Master’s Degree and Above   {  }
4. How long have you been working for MUWSA?
a) Less than a year                       {  } 
b) 1 – 3 Years                                {  }
c) 4 – 6 Years  			  {  }
d) More than 6 Years 		  {  }
SECTION B: THE EFFECT OF NON-REVENUE WATER ON THE EFFICIENCY OF WATER PROJECTS
Kindly tick (√) in the appropriate box on the statement along, as your response regarding the effect of non-revenue water on the efficiency of water projects. The ratings are on the following scale, 1=Strongly Disagree (SD), 2=Disagree (D),3=Neutral (N),4=Agree (A) and 5=Strongly Agree (SA).
	[bookmark: _Hlk158019885]N0
	STATEMENTS
	SD
	D
	N
	A
	SA

	
	NRW Physical Loss
	
	
	
	
	

	1
	There are water leakages in water infrastructures at MUWSA
	
	
	
	
	

	2
	Normal losses are happening in the water infrastructure, causing NRW physical losses
	
	
	
	
	

	3
	There are water theft cases reported at MUWSA leading to physical losses of NRW
	
	
	
	
	

	4
	MUWSA doesn’t have an efficient water leakage control unit, leading to NRW's physical loss
	
	
	
	
	

	
	NRW Commercial Loss
	
	
	
	
	

	1
	There are cases of inaccurate metering leading to NRW commercial losses at MUWSA
	
	
	
	
	

	2
	There are moments of data handling errors, particularly on the billing system, leading to NRW commercial losses
	
	
	
	
	

	3
	There are unknown water connections in the water network, leading to commercial losses for NRW
	
	
	
	
	

	
	NRW Management
	
	
	
	
	

	1
	MUWSA has inefficient water system operations
	
	
	
	
	

	2
	There is sometimes slow maintenance of water network systems when it comes to damaged pipe
	
	
	
	
	

	3
	It usually takes time before the water pipes are repaired during damage
	
	
	
	
	

	
	Efficiency of Water Projects
	
	
	
	
	

	1
	There is full coverage of water supply connections by MUWSA
	
	
	
	
	

	2
	The level of sustainability of water supply and projects is high by MUWSA
	
	
	
	
	

	3
	The quality of water supplied by MUWSA has good quality
	
	
	
	
	

	4
	There are no challenges in cost recovery in water supply services by MUWSA
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The Effect of Non-Revenue Water on The Efficiency of Water Projects in Tanzania. A Case of Moshi Urban Water Supply and Sanitation Authority
Kija Limbe Ng’wigulu, Michael Mwacha  and  France Shayo
ABSTRACT
Generally, the study examined the effect of non-revenue water on the efficiency of water projects in Tanzania at MUWSA. The study had three specific objectives: determine the effect of NRW physical loss on the efficiency of water projects in Tanzania. To examine the effects of NRW commercial loss on the efficiency of water projects in Tanzania. And determine the effects of NRW management costs on the efficiency of water projects in Tanzania. The study adopted a mixed research approach with an explanatory research design was adopted. The study was conducted at Moshi Urban Water Supply and Sanitation Authority. The target population of this study will be MUWSA water management officials. A population of 352 where a sample of 187 was used. Data was collected through two methods which were questionnaire and interview. The quantitative data collected through questionnaire were analyzed through descriptive statistics and multiple regressions analysis while the qualitative data collected through interviews were analyzed through thematic analysis technique. The findings noted that NRW physical loss has a negative and significant effect on the efficiency of water projects. Moreover, the findings revealed that NRW commercial loss has a negative and significant effect on the Efficiency of water projects. On the other hand, findings revealed that NRW management has a positive but insignificant effect on the Efficiency of water projects. Therefore, the study recommends that to effectively manage Non-Revenue Water at MUWSA, it is recommended to implement advanced leak detection technologies, enhance metering accuracy, and conduct regular audits of water distribution systems. Additionally, investing in staff training for efficient water management practices and increasing public awareness on water conservation can significantly reduce NRW. Establishing a robust monitoring and evaluation framework to track progress and address issues promptly is also crucial for sustaining improvements in water project efficiency.
Key Words: Non-Revenue Water, Water Projects, Efficiency of water projects


1.0 INTRODUCTION
According to recent estimates, the global average of non-revenue water (NRW) loss is over 30% of system input volume, which is significantly higher than the 23% benchmark advised for well-managed utilities in developing nations (World Bank, 2021). This alarming rate of loss is still occurring worldwide. Even without new infrastructure, JICA (2021) estimates that halving global NRW could give an extra 100 million people access to water. Water utilities' operational efficiency and financial stability are seriously threatened by commercial losses like meter tampering, erroneous readings, corruption, and illicit connections, even though they are less common than physical losses (Karamage et al., 2022). When used in water infrastructure, high-quality, long-lasting materials can improve service delivery, lower maintenance costs, and minimise physical losses. However, despite the intricate and expensive production processes involved, water—like air—is frequently taken for granted. Reducing water loss improves service delivery and makes it easier to expand to underprivileged areas (Garrido et al., 2023).
Because of its detrimental effects on utility performance and sustainability, efforts are being stepped up globally to address NRW. The Musoma Urban Water and Sanitation Authority (MUWASA) in Tanzania, for example, recorded an NRW of 43% and plans to lower it to 30% by 2025 (MWRI, 2024). By using district metered areas (DMAs), smart metering, leak detection, and pressure management, other cities like Abu Dhabi and Kigali have advanced (Ali et al., 2022; JICA, 2021). Utility profits and system dependability are increased by lowering unauthorised use and metering errors. But in addition to being financially driven, NRW reduction initiatives should focus on enhancing water quality, pressure, and service dependability (Goga & Wario, 2022). Service delivery is negatively impacted by high NRW, which leads to public discontent and a decline in utility trust (Tapela, 2023). Through institutional reform and infrastructure modernisation, NRW has decreased moderately to significantly in nations like Ethiopia and the Philippines (ADB, 2022).
However, NRW is still a major problem in Tanzania. Because of deteriorating water supply systems, the Energy and Water Utilities Regulatory Authority (EWURA, 2023) reported uneven trends in NRW levels over the previous three years, with a slight 1.7% decrease in FY 2022/23 after a 2.3% decrease in FY 2021/22. The ongoing NRW issue has been caused by a number of factors, including antiquated infrastructure, poor governance, lax enforcement of policies, and a lack of financial and human resources (Bernado, 2021; Makhari, 2016). The lack of thorough network data is a problem for many utilities, making it challenging to comprehend and handle the full extent of NRW and its effects on customer satisfaction, operational effectiveness, and financial health.
The Tanzanian government has taken a number of steps to address NRW, but the problem is still serious and is made worse by a lack of technical expertise, accountability, and organised management systems. Furthermore, inadequate project planning and underbudgeting impede a lot of efforts. Important new information on NRW has been provided by studies by Saria (2015), Ndegwa (2016), Yi et al. (2017), Shushu et al. (2021), and Mafuru (2022). But the majority were either carried out outside of Tanzania or concentrated more on the variables affecting NRW management than on its wider ramifications. Because of this, there isn't much empirical data explicitly looking at how NRW affects the sustainability of water project performance in Tanzania.
By investigating the effects of NRW on the sustainability and performance of water projects at the Moshi Urban Water Supply and Sanitation Authority (MUWSA), the current study aims to close this gap. The study emphasises the critical need to comprehend and manage NRW in order to guarantee long-term project viability. This is supported by the vicious cycle theory, which holds that high NRW results in revenue loss, operational inefficiencies, and declining service delivery.



2.0 LITERATURE REVIEW
2.1 Theoretical Literature Review
The foundation of this study is Ragnar Nurkse's Vicious Cycle Theory (1953), which describes how resource depletion and financial limitations exacerbate institutional inefficiencies, as demonstrated in the Moshi Urban Water Supply and Sanitation Authority's (MUWSA) operations. When it comes to Non-Revenue Water (NRW), persistent physical losses like leaks and bursts force utilities to make significant investments in network capacity expansion without addressing fundamental inefficiencies, which raises operating costs and lowers service quality. Commercial losses due to illegal connections, inaccurate metering, and inefficient billing also lower revenue, which limits the amount of money available for upgrades and maintenance (Ndegwa, 2016; Mafuru, 2022). If this cycle continues, utilities will be caught in a pattern of subpar performance and unstable finances (World Bank, 2021; Karamage et al., 2022). Because it emphasises how NRW is interconnected and how both commercial and physical losses work together to reduce utility effectiveness, the theory is pertinent. It is consistent with research from East Africa and other developing nations, highlighting the futility of addressing just one issue—for example, expanding the water supply—without also addressing water loss (JICA, 2021; Shushu et al., 2021). The theory offers a clear framework for comprehending how NRW affects the sustainability of water projects by tying together physical losses, revenue impacts, and institutional capacity. In order to break the cycle and attain long-term operational efficiency, it also provides guidance for MUWSA's practical strategies by supporting targeted loss reduction, enhanced monitoring, and better resource allocation. (MUWASA, 2024; Garrido et al., 2023).
2.2 Empirical Literature Review
2.2.1 The Effect of NRW Physical Loss on Water Project Efficiency in Tanzania
The effectiveness of water utilities in Tanzania and elsewhere is still significantly hampered by physical water losses, such as leaks, ruptures, and deteriorating infrastructure. According to Ndegwa (2016), Nairobi's NCWSC lost about 40% of its produced water each year as a result of both commercial and physical losses, which severely lowered revenue and hampered service delivery. Saria (2015) noted that high NRW and deteriorated water quality in Dar es Salaam were caused by pipeline leaks, damaged meters, and unauthorised connections. The study suggested more community involvement and more robust leak repair systems. Shushu et al. (2021) found that 87% of NRW in certain district metered areas (DMAs) was due to actual losses, primarily from high pressure at nodal points. It has been demonstrated that pressure management techniques, like pressure-reducing valves, are successful in lowering losses. According to a study by Karanja et al. (2023) in Kenya, physical losses accounted for almost 45% of total NRW. This led to higher treatment and pumping costs as well as recommendations for leak detection technology and preventive maintenance. Similar to this, Mwangi et al. (2024) underlined the necessity of infrastructure renewal backed by GIS and hydraulic modelling tools and the effect that deteriorating pipe networks have on water loss and service reliability in Tanzanian municipalities.
Therefore, it is hypothesized that: 
H1: NRW physical loss has a negative effect on the efficiency of water projects in Tanzania.
2.2.2 The Effect of NRW Commercial Loss on Water Project Efficiency in Tanzania
Commercial losses—including illegal connections, billing errors, and inaccurate metering—also significantly impact the operational and financial efficiency of water projects. Due to improper billing procedures and unapproved use, Mfumuni (2024) discovered that commercial losses at MUWASA resulted in high operating expenses and low revenue collection. According to Bernado (2021) in Mbeya, data errors and unbilled authorised consumption were the main reasons for business losses. They recommended digital billing systems and frequent audits. In Mwanza, Shushu et al. (2021) discovered that the utility's financial stability was lowered by unbilled water and inadequate billing systems. In Tanga, Mutalemwa and Mkama (2023) showed that the installation of digital meters greatly increased billing accuracy and decreased unbilled consumption. Kamugisha and Magesa (2022) suggested leadership reform, modern billing infrastructure, and enhanced internal oversight in Arusha, citing outdated software, inadequate internal controls, and a lack of staff expertise as institutional barriers.
Thus, the following hypothesis is put forth: 
Consequently, it is hypothesized that: 
H2: NRW commercial loss has negative effects on the efficiency of water projects in Tanzania.
2.2.3 The Effect of NRW Management Cost on Water Project Efficiency in Tanzania
The efficiency of water projects is also significantly influenced by the cost of managing NRW. According to Wilson et al. (2021), utilities' inability to integrate energy and performance monitoring systems led to increased NRW-related operating costs, necessitating system upgrades and focused employee training. In his study of donor-funded projects in DAWASA-Ubungo, Mafuru (2022) discovered a direct correlation between better project oversight and service delivery and sufficient funding for monitoring and evaluation (M&E). Nzilano (2017) highlighted that, particularly in operational departments like civil works, competent staff and performance-based budgeting were critical to effective NRW management. In several regional utilities, NRW-related expenses, such as leak repairs and illegal connection monitoring, accounted for up to 35% of the operating budget. Mwambene and Nyagawa (2023) suggested fixed budget allocations and the implementation of digital asset management systems. Lastly, according to Hassan and Mwakalebela (2024), LUWASA only allotted 10% of its operating budget to loss control initiatives, which resulted in ineffective responses and delays in leak detection. They suggested creating emergency repair funds and incorporating NRW planning into strategic budgets. 
Therefore, this study proposes that: 
H3: NRW management costs have positive effects on the efficiency of water projects in Tanzania
2.3 Conceptual Framework
The conceptual framework describes the scholars view on the relationship of the variables and how they influence each other. Therefore, the relationship between variables is shown in Figure 2.1 below;


Independent Variables                                                    Dependent Variable
NRW Physical Loss
· Leakage
· Wastage
· Theft
· Lack of active leakage control

   

Efficiency of Water Projects
· Coverage of water supply connections
· Continuity of water supply
· Quality of water supplied
· Cost recovery in water supply services






NRW Commercial Loss
· Inaccurate metering
· Data handling errors
· Unknown connections
· Theft






NRW Management Cost
· Operations Cost
· Maintenance Cost
· Water meter management Cost
· Repairs Cost


[bookmark: _Toc174113755]Figure 2.1 Conceptual Framework



Source: Researchers' Own Construction (2024)


3.0 METHODOLOGY
[bookmark: _Toc174113387]3.1 Research Design
The study adopted a convergent parallel mixed methods design, suitable for exploring a phenomenon in both breadth and depth. This approach allowed simultaneous collection and analysis of quantitative and qualitative data, enhancing the reliability of results through method triangulation (Creswell & Plano Clark, 2011). Quantitative methods examined the causal relationship between NRW dimensions and project efficiency, while qualitative methods explored contextual and institutional factors influencing these relationships. This design enabled hypothesis testing alongside capturing stakeholder perspectives, offering a comprehensive understanding of how NRW affects MUWSA’s performance.
[bookmark: _Toc174113388]3.2 Study Area
The study was carried out at the Moshi Urban Water Supply and Sanitation Authority (MUWSA) in the Kilimanjaro region of Tanzania. MUWSA is a fully autonomous but government-owned organization that provides clean and safe water to the people of Moshi, the town of Mount Kilimanjaro, and some parts of Moshi Rural and Hai Districts. As part of its efforts to improve the sustainability of its services, the Authority recently started to develop and implement a water safety plan. Currently, MUWSA is one of the 19 autonomous water supply and sewerage utilities in the category, which means that it must cover all operating costs plus small investments. MUWSA has been certified by the Tanzania Bureau of Standards (TBS) as a drinking water supplier, and as of February 2007, it has received certification from the Tanzania Bureau of Standards (TBS) certificate no. TZS 789: 2003.
[bookmark: _Toc174113389]3.3 Target Population
The study targeted 352 individuals from MUWSA, including clients and key staff from departments such as the Technical Team, Commercial Department, PMU, and Inspection Team. These groups were selected for their direct involvement in NRW management and their relevance to the study’s objectives. The unit of inquiry comprised water management officials and consumers who provided insights into NRW’s impact on project efficiency. The unit of analysis was MUWSA as an organization, with data aggregated across departments to assess the broader effect of NRW on project performance. Clearly defining these units ensured consistency in data collection, analysis, and interpretation.
[bookmark: _Toc174113390]3.4 Sample size
Solvin (2017) states that sample size determination formulae were utilized to determine the sample size from the 352-target population. The sample was calculated as
n=N÷ (1+Ne2)
Whereby,
n = Sample size, N = Population size = Margin of error 
n =	352

1+352 (0.052)
= 187.234; By approximation, n = 187 
Therefore, the sample size was 187 respondents.
[bookmark: _Toc174113392]3.5 Data Collection Method
3.5.1 Questionnaire
187 chosen respondents participated in the survey method used in the study. A structured questionnaire consisting of 5-point Likert scale questions was part of the survey. The Likert scale items were used to gauge respondents' perceptions of NRW. Each item was weighed against five Likert scale values based on how much they agreed or disagreed with different parameters. Strongly agree, agree, disagree, undecided, and agree were the descriptors used for the questions.
3.5.2 Interview
For triangulation purposes, the study adopted another data collection technique to collect qualitative data from the selected 11 members of the inspection team. These were key informants for the study. Therefore, interviews were employed in collecting qualitative data from them. 
[bookmark: _Toc174113393]3.6 Data Processing and Analysis
Data were processed and analyzed using SPSS Version 26, following procedures outlined by Kothari (2004), where responses from questionnaires and interviews were coded, entered, and organized based on the research questions. Descriptive statistics such as means, frequencies, and percentages were used to summarize quantitative data. In contrast, qualitative data were examined using thematic analysis, where key themes and sub-themes were identified to interpret stakeholder perspectives (Braun & Clarke, 2006). 
To explore the causal relationship between NRW dimensions and water project efficiency at MUWSA, the study employed an Ordinary Least Squares regression model specified as: 
 Y = β₀ + β₁X₁ + β₂X₂ + β₃X₃ + ε
Where, Y = water project efficiency, 
X₁ = NRW Physical Loss
X₂ = Commercial Loss, and 
X₃ = Management Cost
The model was chosen for its suitability in estimating relationships between continuous variables and testing hypotheses (Gujarati & Porter, 2009). Diagnostic tests were conducted to validate the OLS assumptions. The fitness of the model was assessed using ANOVA, where a statistically significant F-statistic (p < 0.05) indicated overall model reliability. Normality of residuals was tested using the Kolmogorov-Smirnov and Shapiro-Wilk tests (Ghasemi & Zahediasl, 2012), while heteroskedasticity was examined through scatter plots of standardized residuals against predicted values. Multicollinearity was assessed using the Variance Inflation Factor (VIF) and tolerance values, with results below 10 and above 0.1, respectively, indicating no serious multicollinearity (Hair et al., 2010). This integration of quantitative and qualitative methods, framed under a convergent parallel mixed-methods design, strengthened the study’s depth and validity by enabling triangulation and comprehensive insight into NRW’s impact on MUWSA’s project performance (Creswell & Plano Clark, 2011).
4.0 FINDINGS AND DISCUSSION 
[bookmark: _Toc174113402]4.1 The Profile of Respondents
The profile of the respondents in terms of sex, age, education level and professional experience were examined. Their results are presented below;
[bookmark: _Toc174113403]4.1.1 Sex of Respondents
In relation to the gender of the study participants, this research encompassed individuals of both male and female sexes. The data was obtained from a sample of 123 males and 64 females, representing proportions of 65.8% and 34.2% respectively. However, the sample was representative since there are more male employees than females at MUWSA. Table 4.1 below indicates the findings;
[bookmark: _Toc174113448]Table 4.1 Sex of Respondents
	Sex
	Frequency
	Percentage 

	Male
	123
	65.8

	Female
	64
	34.2

	Total
	187
	100.0


Source: Research Findings (2024)
[bookmark: _Toc174113404]4.1.2 Age of Respondents
After analysing the participants' age distribution, it was found that 48.7% of the sample, or the majority of respondents, were between the ages of 28 and 37. The age group of 38–47 years old, which made up 23.0% of the participants, came next. 18.7% of the respondents were between the ages of 18 and 27, and 9.6% of the sample was made up of people 48 years of age and older. Thus, a wide range of age groups are represented in the respondents' age distribution, which adds to the diversity and depth of viewpoints presented. 
Findings are displayed in Table 4.2 hereunder;
[bookmark: _Toc174113449]Table 4.2 Age of Respondents
	Age
	Frequency
	Percentage

	18 – 27 Years
	35
	18.7

	28 – 37 Years
	91
	48.7

	38 – 47 Years
	43
	23.0

	48 Years and Above
	18
	9.6

	Total
	187
	100.0


Source: Research Findings (2024)
[bookmark: _Toc174113405]4.1.3 Education Level of Respondents
An evaluation was conducted to determine the educational attainment of the participants in order to analyze the distribution of respondents across different levels of education. The findings of the study indicate that the participants are distributed among various educational levels, with a significant majority possessing higher levels of education. The results of the study indicated that a majority of the participants possessed a bachelor`s degree (42.8%), with a diploma being the next most prevalent (29.4%). A significant proportion of respondents reported having a master`s degree and above (17.6%), while the remaining had a certificate level of education (10.2%). Table 4.3 displays the education level of respondents;
[bookmark: _Toc174113450]Table 4.3 Respondents` Education Level
	Education Level
	Frequency
	Percentage 

	Certificate                  
	19
	10.2

	Diploma                     
	55
	29.4

	Bachelor`s Degree                 
	80
	42.8

	Master`s Degree and Above                     
	33
	17.6

	Total
	187
	100.0


Source: Research Findings (2024)
[bookmark: _Toc174113406]4.1.4 Respondents` Work Experience
The study evaluated the respondents' work experience. The results revealed that a significant proportion of the participants (41.2%) possessed an experience of 4 – 6 years, with the next highest group having an experience of more than 6 years (31.6%). A smaller percentage reported having 1 – 3 years of experience (23.5%), while a minority indicated a professional experience of less than a year (3.7%). Therefore, the majority of them had enough experience to experience the effect of NRW on the efficiency of water projects. Findings regarding the respondents` experience are presented in Table 4.4.
[bookmark: _Toc174113451]Table 4.4 Respondents` Professional Experience 
	Experience
	Frequency
	Percentage 

	Less than a year                       
	7
	3.7

	1 – 3 Years                               
	44
	23.5

	4 – 6 Years  
	77
	41.2

	More than 6 Years 
	59
	31.6

	Total 
	187
	100.0


Source: Research Findings (2024)
[bookmark: _Toc174113411]4.2 Multiple Regressions Analysis
Multiple regression analysis was used in the study to determine how Tanzanian water projects' efficiency was impacted by NRW management, NRW physical loss, and NRW commercial loss. However, as multiple regression assumptions, the normality, multicollinearity, and heteroscedasticity tests were performed prior to the execution of the multiple regression analysis. Below is a discussion and presentation of each diagnostic test;
4.2.1 Model Fitness Test
The model fitness was evaluated using the ANOVA test. In order to determine whether the model is suitable for explaining the fluctuations of the dependent variable—the effectiveness of water projects—an evaluation was conducted. Consequently, the results showed that the model could account for 52.0% of the variation in water project efficiency (101.253 sums of squares out of 194.796). Additionally, the results showed a p-value of 0.000, which at 5% is significant. Consequently, this indicates that the model plays a significant role in explaining the differences in water project efficiency. The findings are indicated in Table 4.5.
[bookmark: _Toc174113455]Table 4.5 ANOVA 
	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Regressions
	101.253
	3
	33.751
	66.028
	0.000b

	Residual
	93.543
	183
	0.511
	
	

	Total
	194.796
	186
	
	
	


Source: Research Findings (2024)
[bookmark: _Toc174113412]4.2.2 Normality Test
The study employed a Kolmogorov-Smirnov test to ascertain whether the data were normally distributed prior to performing multiple regression. The results demonstrated that all independent and dependent variables had a significant level below 0.05 (P-value=0.000), suggesting that the data are normally distributed. The test was conducted at a 5% level of significance (Table 4.6).
[bookmark: _Toc174113456]Table 4.6 Kolmogorov-Smirnov
	Variables
	Kolmogorov-Smirnov

	
	Statistic
	df.
	Sig.

	NRW`s Physical Loss
	0.310
	187
	0.000

	NRW`s Commercial Loss
	0.283
	187
	0.000

	NRW`s Management
	0.219
	187
	0.000

	Efficiency of Water Projects
	0.293
	187
	0.000


Source: Research Findings (2024)
[bookmark: _Toc174113413]4.2.3 Multicollinearity Diagnostic Test
When there is no multicollinearity in the data, multiple regressions can be performed. In essence, this is the presumption that there is little correlation between the independent variables. Thus, in accordance with Gujarati (2004), a multicollinearity test was performed using a Variance Inflation Factor (VIF), with a threshold of a VIF value of 10. Thus, according to the results of the multicollinearity test, the VIF values for NRW management, NRW commercial loss, and NRW physical loss were 1.809, 4.928, and 5.558, respectively. As a result, none of the independent variables were highly correlated, with each having a VIF value below 10. The findings are shown in Table 4.7.
[bookmark: _Toc174113457]

Table 4.7 Multicollinearity Test Results
	
Variable
	Collinearity Statistics

	
	Tolerance
	VIF

	NRW`s Physical Loss
	0.203
	4.928

	NRW`s Commercial Loss
	0.180
	5.558

	NRW`s Management
	0.553
	1.809


Source: Research Findings (2024)
[bookmark: _Toc174113414]4.2.4 Heteroscedasticity Test
To ascertain whether there was a heteroscedasticity problem, a heteroscedasticity test was conducted using scattered plots prior to conducting a multiple regression. The dispersed plots lack any pattern, according to the heteroscedasticity results. This implies that heteroscedasticity is not a problem, allowing multiple regression analysis to continue. Figure 4.1 below indicates the heteroscedasticity test results;
[image: ]
[bookmark: _Toc174113756]Figure 4.1 Heteroscedasticity Test
Source: Research Findings (2024)

4.2.5 Multiple Regression Model Summary
The three independent variables (NRW Physical Loss, NRW Commercial Loss, and NRW Management) and the dependent variable (Efficiency of Water Projects) showed a 72.1% (R = 0.721) correlation, according to the multiple regression results. Additionally, 52.0% of the variation in water project efficiency was explained by the three predictors (R2= 0.520). Findings are presented in Table 4.8.
[bookmark: _Toc174113458]

Table 4.8 Multiple Regression Model Summary 
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	0.721a
	0.520
	0.512
	0.71496


Source: Research Findings (2024)
4.2.6 Multiple Regression Coefficients 
Furthermore, the multiple regressions analysis produced the multiple regressions coefficients. The findings noted that NRW physical loss has a negative and significant effect on the efficiency of water projects (B=-0.293, p-value=0.017). Moreover, the findings revealed that NRW commercial loss has a negative and significant effect on the Efficiency of water projects (B=-0.570, p-value=0.000). On the other hand, findings revealed that NRW management has a regression coefficient of 0.073 and a p-value of 0.539, indicating that it has a positive but insignificant effect on the Efficiency of water projects. 
The findings are presented in Table 4.9.
[bookmark: _Toc174113459]Table 4.9 Regression Coefficients
	
	Unstandardized Coefficients
	Standardized Coefficients
	
t
	
Sig.

	
	β
	Std. Error
	Beta
	
	

	(Constant)
	5.514
	0.388
	
	14.226
	0.000

	NRW`s Physical Loss
	-0.293
	0.122
	-0.273
	-2.404
	0.017

	NRW`s Commercial Loss
	-0.570
	0.139
	-0.494
	-4.093
	0.000

	NRW`s Management
	0.073
	0.118
	0.042
	0.615
	0.539


Source: Research Findings (2024)
[bookmark: _Toc174113415]4.3 Discussion of Findings
[bookmark: _Toc174113416]4.3.1 The Effect of NRW Physical Loss on the Efficiency of Water Projects in Tanzania
The study found that NRW physical loss significantly reduces water project efficiency. A regression coefficient of -0.293 indicates that water project efficiency decreases by 0.293 units per unit of NRW physical loss. Since 0.017 is less than 0.05, the effect is significant. This suggests that water project efficiency decreases as physical losses in water distribution systems increase. Physical losses like leaks, pipe breaks, and other water waste reduce water use and income. Thus, increased physical loss of water resources raises operating costs and reduces water supply project success. This inefficiency is especially noticeable in outdated infrastructure or poor maintenance. The significant impact emphasizes the importance of closely monitoring and maintaining water distribution systems to reduce physical losses and improve water project effectiveness. The findings were similar to those obtained from the interviews, revealing that there has some physical losses of NRW at MUWSA. Interviews with MUWSA officials and field observations indicate that aging infrastructure, including old and corroded pipelines, significantly contributes to physical water losses. Frequent pipe bursts and leakages are common, particularly in areas with outdated water distribution networks, leading to substantial water wastage before it reaches consumers. Additionally, the lack of regular maintenance and timely repairs exacerbates the problem, as minor leaks often go unnoticed until they become significant issues. One of the MUWSA engineers remarked,
"The pipelines are old and prone to leaks, which leads to a considerable amount of water being lost before it even reaches consumers. The engineer added that regular maintenance is crucial, but the resources and time required to address all the issues are often insufficient……” (MUWSA Officials Interviews, July, 2024). 
Moreover, staff members have pointed out that limited financial resources and technical expertise hinder efforts to upgrade the water infrastructure, making it challenging to address the root causes of physical water losses effectively. It was noted from one of the field officers that;
"Leaks can go unnoticed for long periods, especially in areas with difficult access or where the infrastructure is buried underground due to limited expertise and financial resources" This delay in identifying and repairing leaks exacerbates the problem of physical losses.” (MUWSA Officials Interviews, July, 2024).
Therefore, the qualitative insights emphasize the complexity of managing NRW physical losses at MUWSA and highlight the need for comprehensive strategies that address both technical and resource-related challenges. Recent empirical studies have shown that non-revenue water (NRW) physical loss significantly impacts water project efficiency. Water utilities worldwide, especially in developing nations, struggle with NRW physical loss from leaks, bursts, and unauthorised consumption. NRW physical loss can cause significant inefficiencies that cost money and reduce the ability to provide safe and reliable water services. Mutikanga et al. (2022) found that physical water losses made up over half of NRW in Uganda, reducing water supply system efficiency. The study found that these losses increased operating costs and decreased water availability, reducing water project effectiveness. In their study on Yemeni water utilities, Al-Washali et al. (2021) found that physical losses were the biggest component of NRW, causing significant inefficiencies. In regions with aging infrastructure, where leaks were common and repair times were long due to resource constraints, inefficiencies were especially noticeable. Another Brazilian empirical study by Santos and Baptista (2020) examined water utility performance and physical water losses. Operational efficiency was inversely related to physical water losses, suggesting that water project performance decreased as losses increased. The study also showed how proactive maintenance and infrastructure upgrades could reduce physical losses and boost water project efficiency. All of these results show how NRW physical loss reduces water project effectiveness. The studies suggest reducing these losses through planned infrastructure investments, routine maintenance, and better management to improve water supply system performance and sustainability.
[bookmark: _Toc174113417]4.3.2 The effects of NRW commercial loss on the efficiency of water projects in Tanzania
The research shows that NRW commercial loss significantly reduces water project efficiency. The regression coefficient was -0.570, meaning water project efficiency decreases by 0.570 units per unit of NRW commercial loss. A 0.000 p-value, less than 0.05, indicates a significant effect. Water utilities' revenue is directly affected by NRW commercial losses. Revenue loss reduces funds for maintenance, infrastructure development, and service expansion, affecting water project performance and sustainability. Recent empirical research has shown that Non-Revenue Water (NRW) commercial losses reduce water project efficiency. According to a Tanzanian study by Mwamaso et al. (2022), high NRW commercial losses deplete funds needed for water supply network reinvestment, lowering water utility operational efficiency. This inefficiency hinders long-term planning, capacity building, and water demand meeting for utilities. In Brazil, da Silva et al. (2021) found that commercial losses caused underinvestment in vital infrastructure, which increased water losses and efficiency. The study recommended better monitoring, metering, and billing procedure enforcement to reduce losses and increase project efficiency. According to a 2023 World Bank analysis of several developing nations, lowering NRW commercial losses improves water project effectiveness and financial sustainability. The findings suggest that resolving these losses could improve project outcomes by improving water utility service delivery and financial stability. These studies demonstrate how important it is to reduce NRW commercial losses to ensure water project viability and efficiency. These losses significantly reduce project efficiency in various contexts, emphasizing the need for targeted interventions.
[bookmark: _Toc174113418]4.3.3 The effects of NRW Management on the efficiency of water projects in Tanzania
The study found that NRW management slightly improves water project efficiency with a regression coefficient of 0.073. This shows that water project efficiency increases by 0.073 units per unit of NRW management, but the effect is not significant (p=0.539). This implies that while controlling and lowering NRW may increase productivity, it does not guarantee project results. The effect's insignificance may be due to the size and scope of the NRW interventions, infrastructure issues, or water project inefficiencies. To improve efficiency, NRW management may need to be combined with other water resource management methods and infrastructure investments. The findings were parallel to those obtained through interviews; interviewees consistently pointed out the issue of inaccurate metering as a significant contributor to commercial losses. Many meters were reported to be outdated or malfunctioning, leading to under-recording of water consumption. This problem was particularly prevalent in older parts of the distribution network, where meter replacement and maintenance have been delayed due to budget constraints. As a result, a substantial amount of water consumed by customers is not accurately billed, exacerbating the commercial losses for MUWSA. One of the interviewees said;
“We often face discrepancies between the actual water consumption and the amounts billed to customers, leading to significant revenue losses." This issue was attributed to outdated metering systems and occasional human errors in meter reading, which result in underreporting of water usage….” (MUWSA Officials Interviews, July, 2024).
Another prominent theme was the challenge of illegal connections and water theft. Several respondents, including MUWSA staff and community leaders, highlighted that unauthorised connections persist in certain areas, particularly in informal settlements and peri-urban regions. These illegal connections are often difficult to detect and control due to these areas' complex and unregulated nature. Moreover, some interviewees suggested that there might be collusion between specific customers and lower-level MUWSA employees, who facilitate these illegal connections in exchange for bribes. It was noted from one of the interviewees that;
“Unauthorized connections are a major concern. We have found instances where individuals or even businesses bypass the official water supply systems, drawing water without being billed" (MUWSA Official Interviews, July 2024).
Moreover, the interviews revealed concerns about billing inefficiencies and customer database management contributing to commercial losses. Respondents noted that delays in billing, errors in customer records, and the inability to track and reconcile water usage data have led to discrepancies in revenue collection. One of the officials remarked;
“We struggle with maintaining up-to-date customer records, which complicates the billing process and contributes to revenue losses….” (MUWSA Officials Interviews, July, 2024).

The findings suggest that while efforts have been made to address these issues, ongoing challenges in infrastructure, technology, and enforcement continue to impact the effectiveness of NRW management at MUWSA. This finding highlights the complexity of water management systems, where many factors affect project performance, emphasizing the need for a more comprehensive strategy to address NRW and improve water project efficiency. Recent empirical research suggests that NRW management initiatives may not significantly improve water project efficiency. For instance, Ncube et al. (2023) examined water utility efficiency and NRW management in sub-Saharan Africa. The study found that utilities with strong NRW management procedures were more efficient, but not statistically. The authors attribute this to water distribution systems' complexity and the many factors that affect effectiveness, such as infrastructure age, financial investment, and governance. In Latin America and the Caribbean, Fregoso et al. (2022) found a positive but statistically insignificant correlation between water utility efficiency and NRW management. The study found that while NRW management reduces losses and increases water availability, operational costs, institutional frameworks, and customer service quality more heavily affect efficiency. Thus, NRW management may not be enough to boost water project efficiency. These findings highlight the need for a comprehensive approach to water project management that integrates NRW management with other efficiency-enhancing strategies like financial management, infrastructure development, and governance reforms to improve water utility performance. This comprehensive strategy ensures that NRW management advances the overall goal and is reinforced by other crucial elements, producing significant and statistically significant results in water project efficiency.
5.0 CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion
Non-Revenue Water (NRW) physical loss significantly reduces water project efficiency, highlighting the critical challenge water utilities face in optimizing their operations. Physical losses like leaks and bursts in the water distribution network reduce consumer water availability and raise operational costs by requiring more water production and maintenance. High physical losses in NRW waste resources, reduce service reliability, and strain water utilities, according to empirical studies. Non-Revenue Water (NRW) commercial loss significantly reduces water project efficiency, highlighting a major water sector issue. High commercial losses reduce water infrastructure maintenance and improvement funds. Financial inefficiency reduces water project effectiveness and sustainability, limiting service delivery and future investment capacity. Non-Revenue Water (NRW) management improves water project efficiency, but the effect is statistically insignificant. This suggests that while effective NRW management practices may improve operational performance and resource utilization in water projects, they alone may not increase project efficiency. The findings suggest that water project efficiency can be improved by incorporating technological advances, policy changes, and stakeholder engagement.
5.2 Recommendations
Water utilities must prioritize infrastructure management and maintenance to reduce the significant impact of Non-Revenue Water (NRW) physical losses on water project efficiency. Contemporary leak detection and pipeline inspections can greatly reduce physical losses. Repairing and upgrading old infrastructure reduces leaks. Water utilities should use real-time monitoring and data analytics for NRW management to quickly identify and resolve issues. Collaboration with stakeholders, including local communities and regulatory bodies, is needed to sustain these initiatives. These measures improve project efficiency and water supply reliability and sustainability for water utilities. According to empirical findings, Non-Revenue Water (NRW) commercial loss reduces water project efficiency, so water utilities should implement comprehensive strategies to mitigate it. Metering and billing must be accurate to reduce commercial losses. AMI and audits can help utilities resolve billing discrepancies. Enhanced customer service and engagement can reduce disputes and unpaid bills. Data analytics and robust monitoring systems can detect and fix billing errors and fraud. Finally, encouraging accurate metering and timely payments with local communities reduces commercial losses and improves water project efficiency. Given the positive but insignificant effect of Non-Revenue Water (NRW) management on water project efficiency, stakeholders and policymakers should take a multifaceted approach to improve NRW management. Better NRW management may boost efficiency, but the lack of statistical significance suggests other factors matter more. Therefore, NRW management must be integrated with water project management frameworks that address infrastructure quality, operational practices, and stakeholder engagement.
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