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Non-Revenue Water (NRW)—the gap between what is produced and what is billed—remains 
one of the most pressing challenges for water utilities worldwide. Globally, up to 30% of all 
treated water is lost through leaks, theft, or metering inaccuracies. In regions with aging 
infrastructure or poorly monitored networks, these losses can soar even higher. Each litre lost 
carries a hidden price tag, representing wasted energy, chemicals, and financial resources, 
while intensifying environmental pressures (Liemberger & Wyatt, 2018).

The stakes extend beyond financial concerns. High NRW levels can compromise water quality, 
with leaks allowing contaminants to infiltrate the system, jeopardising public health and 
eroding trust in utilities. For utilities already under strain, the question isn’t whether to act but 
how to act most effectively.

Effective NRW management starts with leak detection—a field that has evolved significantly 
over the years. Traditional tools like acoustic sensors and pressure monitoring remain valuable 
but are now complemented by advanced innovations such as Satellite Leak Detection (SLD). 
SLD, in particular, offers unique advantages: scanning vast networks quickly, detecting hidden 
leaks, and enabling utilities to optimise resource allocation. However, no single tool is a silver 
bullet. Success depends on a comprehensive strategy that integrates multiple technologies, 
robust Geographic Information Systems (GIS), and skilled boots-on-the-ground (BOTG) teams.

This report advocates a proactive and holistic approach to NRW management,  
focusing on four key pillars:

Data-Driven Decision Making
Leveraging tools such as GIS and District Metered Area (DMA) monitoring enables utilities 
to identify high-priority areas and allocate resources efficiently. High-quality data ensures 
actionable insights that enhance operational planning and response times.

Innovative Technology Integration
Combining SLD with traditional methods offers a layered approach to leak detection, 
maximising coverage and precision. The ability to detect non-surfacing leaks in urban and 
rural settings alike transforms how utilities address hidden losses.

Customer Engagement and Transparency
Informing customers about leaks, even those on private property, fosters trust and improves 
the willingness to pay. Transparent communication enhances customer relationships, making 
them active participants in the journey toward water conservation.

Commitment to Continuous Improvement
NRW reduction is not a one-time initiative but a long-term commitment. Utilities must invest in training, 
develop efficient repair processes, and align their goals with global sustainability targets to ensure consistent 
progress.

Addressing NRW is about more than reducing numbers; it’s about securing the future of water management. 
Utilities that embrace innovation, operational excellence, and collaboration can not only reduce water losses 
but also strengthen resilience, meet growing demand, and contribute to global sustainability efforts.

Water is the lifeblood of communities, underpinning health, development, and economic growth. Yet, despite 
its critical importance, the management of water resources remains a significant challenge. Around the world, 
utilities face the persistent problem of Non-Revenue Water (NRW)—the portion of water produced but not 
billed to customers due to leaks, theft, or metering inaccuracies.

The impact of NRW is far-reaching. It represents not only a financial drain for utilities but also a substantial 
waste of resources, including energy, chemicals, and human effort. For communities already grappling 
with water scarcity, every drop lost exacerbates the crisis. For utilities, these losses translate into higher 
operational costs, diminished revenues, and reduced service reliability, ultimately eroding customer trust.

Addressing NRW is not a mere technical exercise—it is a strategic necessity. Effective management of NRW 
requires a holistic approach that goes beyond fixing leaks. It encompasses proactive planning, investment in 
advanced technologies, and a commitment to operational excellence (Morris-Iveson & Day, 2021). This report 
explores one critical aspect of NRW management: active leak detection (ALD). While ALD is just one part of 
the broader NRW puzzle, it is a cornerstone of any effective strategy to reduce physical water losses.

Modern leak detection technologies have transformed how utilities approach this challenge. From traditional 
acoustic tools to cutting-edge innovations like Satellite Leak Detection (SLD) (Asterra, 2019), the tools 
available today are more powerful and versatile than ever before. However, no single solution fits all. The 
choice of technology and its application must align with the unique characteristics and needs of each utility.

This report delves into the role of leak detection in addressing NRW. It examines the strengths and limitations 
of technologies like SLD while emphasising the importance of integrating them into a broader NRW 
management framework. Through case studies, practical examples, and strategic insights, the report provides 
utilities with the guidance needed to tackle water losses effectively and sustainably.

Executive Summary

Introduction 
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1.1	 What is NRW and Why Does it Matter?
NRW refers to water that is produced but never earns its keep. Whether it’s slipping through 
underground leaks, stolen, or simply unbilled, it represents inefficiency at its worst. Globally, 
NRW rates hover at a staggering 30% of all water produced. In some systems, particularly in 
developing regions, it’s not uncommon for this figure to exceed 50% (Kingdom, Liemberger, & 
Marin, 2006). That’s half of all treated, pressurised, and transported water lost—like pouring 
money, energy, and effort straight down the drain. If the worldwide volume of NRW were 
saved, it could meet the annual drinking water needs of over 2 billion people (Liemberger 
& Wyatt, 2018). That’s enough to make policymakers and utility managers sit up and pay 
attention—or it should be. Instead, NRW often hides in plain sight, overshadowed by the 
pursuit of shiny new supply sources, even when addressing leaks is far more cost-effective 
and sustainable. And it’s not just the water loss that stings. High NRW levels can compromise 
water quality. A hidden leak doesn’t just let water out; it can let contaminants in. Poor water 
quality erodes trust in the utility—turning customer dissatisfaction into a PR nightmare.

NRW is a universal challenge affecting utilities in developed and developing regions alike.  
The implications are profound:

• Financial Impact: Utilities lose significant revenue due to unbilled water,  
making it difficult to invest in infrastructure upgrades and service improvements.

• Environmental Impact: Lost water represents wasted resources, including the  
energy and chemicals used during treatment and distribution.

• Social Impact: In water-scarce regions, every litre lost denies communities  
access to a critical resource.

1.2	 Categories of NRW 

Defined as the difference between the volume of water entering a distribution system (System 
Input Volume – SIV) and the volume billed to customers (Figure 1), NRW encompasses a 
range of issues that impact financial performance, operational efficiency, and environmental 
sustainability (Liemberger & Wyatt, 2018). NRW is divided into three main categories, each with 
distinct characteristics and challenges (IWA Water Loss Specialist Group, 2022):

• Unbilled Authorised Consumption: Legitimate water use that is not billed, such as water 
used for firefighting or municipal services. This typically constitutes 1-5% of NRW, depending 
on utility practices.

• Commercial (Apparent) Losses: Water that is delivered but not billed due to theft, meter 
inaccuracies, or data handling errors. These losses account for 10-30% of NRW, significantly 
impacting revenue.

• Physical (Real) Losses: Water lost through leaks, bursts, and overflows in the distribution 
system. This is the largest component, often representing 65-90 % of NRW in many utilities. 
These losses directly reduce the availability of treated water and strain operational efficiency.

Of these, physical losses are the most pressing, representing water that’s entirely wasted. The 
focus of this report? Plugging these real-world holes with a mix of strategy and technology. 

1.	 The Challenge 
of Non-Revenue 
Water (NRW)

Figure 1: IWA Water Balance

1.3	 NRW’s Global Implications: Water  
Stress, Energy, and Climate Change

NRW isn’t just a local headache—it’s a global crisis.

• Water Stress: As demand outpaces supply, utilities are forced to extract more water, often 
from already strained and more difficult to treat resources. Tackling NRW directly alleviates 
this pressure.

• Energy Use: Treating and distributing water is energy-intensive. Every litre lost is energy 
wasted. Cutting NRW isn’t just about saving water; it’s about slashing energy bills.

• Carbon Footprint: Many water systems still rely on fossil fuels. Addressing leaks reduces 
energy needs and aligns utilities with global climate goals.



The Intelligence to Act

8 9

Consider this: every litre of water saved is a litre that doesn’t need to be pumped, treated, 
or delivered—resulting in tangible reductions in energy consumption and greenhouse 
gas emissions. That’s not just good business; it’s environmental stewardship (Hamilton & 
Charalambous, 2024).

1.4	 Why Utilities Need to Act
Reducing NRW isn’t optional; it’s essential for any utility aiming for financial sustainability and 
environmental responsibility (Maddaus, Maddaus, & Maddaus, 2014). Yet, it often sits low on 
the priority list, overshadowed by more visible projects or political pressures. Here’s why that 
mindset needs to change:

• Operational Efficiency: Less NRW means lower production costs, reduced pressure on 
resources and infrastructure, and longer asset lifespans.

• Improved Customer Trust: High levels of water loss erode confidence. Customers notice 
when leaks are left to fester, but they also appreciate proactive repairs.

• Sustainability Goals: Tackling NRW aligns utilities with global water conservation and carbon 
reduction targets, enhancing their reputation and securing regulatory support.

This isn’t about patching leaks for a quick win; it’s about embedding water loss reduction into 
the very DNA of utility operations. Whether through basic fixes or advanced technologies like 
Satellite Leak Detection (SLD), what matters most is acting.

2. Leak Detection 
—An Evolving 
Discipline
2.1	 Why Leak Detection is Critical
 NRW isn’t just an operational hiccup; it’s complicated and a systemic challenge that therefore 
demands a proactive, sustained, and systemic response. At the heart of this response 
lies active leak detection, the linchpin for reducing physical losses and improving system 
efficiency. Leak detection isn’t just about saving water—it’s about saving money, conserving 
energy, improving service levels, and earning customer trust.

For utilities, leaks don’t just represent a waste of resources—they’re a symptom of inefficiency. 
Tackling leaks head-on demonstrates a commitment to operational excellence and 
environmental responsibility. However, finding, and fixing leaks requires more than a toolbox of 
technologies—it demands strategy, persistence, and management buy-in. Leak detection isn’t 
a one-off activity. It’s an ongoing process requiring dedication, the right tools, and a skilled 
BOTG team ready to verify and localise potential leaks. Effective leak detection transforms 
NRW management from a reactive firefight into a proactive strategy. Here’s why it’s essential:

• Reduces Water Loss: The most obvious benefit. Every litre saved is one that can serve 
customers or reduce production demands.

• Cuts Costs: Lower production needs mean lower energy and chemical expenses.

• Boosts Asset Longevity: Identifying leaks early prevents pipe bursts and extends 
infrastructure life.

• Builds Customer Trust: Utilities that actively combat leaks earn goodwill, translating to higher 
customer satisfaction and a greater willingness to pay.

2.2	 Leak Detection Methods
Leak detection methods have evolved to address diverse challenges in urban and rural 
settings. Each method has its strengths, and no single tool is the answer. More traditional 
methods are reliable but limited in scope, often requiring significant manpower and time. 
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Traditional Leak Detection Methods Advanced Leak Detection Methods

Acoustic Sensors: Devices that listen for 
sound variations caused by escaping water in 
pressurised systems. While cost-effective, they 
often struggle in low-pressure networks or areas 
with high ambient noise.

Pressure Monitoring Systems: Continuous 
pressure sensors identify anomalies indicative of 
leaks. These systems are particularly effective 
in networks with stable pressure and automated 
valve controls, enabling swift detection and 
response.

Step Testing: Isolating sections of a network 
to identify zones with significant water losses. 
Although effective in smaller networks, it is time-
intensive and requires a skilled workforce.

Ground Penetrating Radar (GPR): Utilising radar 
waves, GPR scans sub-surface structures to 
locate voids caused by leaks. However, its 
accuracy can be compromised in certain soil 
conditions, such as clay or saturated sands.

Correlation Technology: Uses acoustic signals at 
multiple points to triangulate leak locations. This 
method is valuable in urban settings but is limited 
by pipe material and size.

Satellite Leak Detection (SLD): Among the latest 
innovations, SLD employs satellite imagery 
to identify potential leaks across extensive 
networks. Unlike ground-based methods, it offers 
coverage over vast areas, including hard-to-
access locations. SLD is particularly effective in 
regions with limited GIS data or where traditional 
methods fail to detect non-surfacing leaks.

(Philip, Pradeep, & Bhallamudi, 2023) (Ingildsen & Olsson, 2016)

2.3	 Integrating Technologies into Holistic 
Strategies

Think of leak detection as a piece of a larger puzzle. It works best when complemented by:

• Pressure Management: Reducing excessive pressure minimises stress on pipes,  
lowering the risk of new leaks.

• Asset Renewal: Replacing ageing infrastructure reduces chronic leak points.

• Customer Engagement: Educating customers about water conservation helps align 
community efforts with utility goals.

Leak detection tools, including SLD, are integral to addressing physical losses, but their 
success depends on a utility’s readiness, including robust GIS data, skilled BOTG teams, and 
seamless integration within a comprehensive NRW management strategy. Selecting the right 
technology and approach requires careful consideration of multiple factors:

•	Network Characteristics: The composition and condition of the network, including pipe 
material, age, and pressure variability, significantly influence the effectiveness of different 
leak detection methods. For example, acoustic technologies may perform better with metallic 
pipes, while satellite-based methods excel in identifying leaks across diverse materials and 
large-scale networks.

•	Team Training: A skilled and well-trained workforce is critical for interpreting data, validating 
potential leaks, and ensuring efficient and accurate repairs. Continuous capacity building 
ensures that technologies are utilised to their full potential.

•	Operational Context: Leak detection strategies must align with the unique characteristics 
of the operational environment. In rural areas, where networks are typically extensive 
and access is limited, technologies like SLD provide significant advantages by enabling 
large-scale scanning and localisation without the need for intensive ground operations. 
Conversely, urban environments with dense pipe networks may benefit from a combination 
of advanced acoustic methods and SLD to address the challenges of overlapping 
connections and complex infrastructure.

Among modern methods, Satellite Leak Detection (SLD) stands out for its scalability and ability to 
cover thousands of kilometres quickly. However, it’s important to recognise that no tool works in 
isolation. SLD serves as a starting point, not the endpoint—it shines brightest when integrated into a 
broader, well-supported leak detection strategy.
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SLD represents a groundbreaking innovation in water management. Using advanced radar 
technology, SLD detects underground leaks that conventional methods might miss. By 
leveraging satellite imagery to identify soil moisture anomalies, SLD provides a critical tool for 
utilities managing complex, large-scale networks. SLD offers distinct advantages, addressing 
gaps left by traditional methods but it is not without its limitations.

3.1	 How SLD works
SLD technology utilises Synthetic Aperture Radar (SAR), specifically L-band radar, to penetrate 
soil and surfaces to identify anomalies associated with underground water leaks (Asterra, 
2019). Here’s how it operates:

1.	Data Collection: L-Band SAR satellites transmit microwave signals that penetrate soil up to 
1–3 meters, even beneath asphalt, vegetation, or loose soil. Reflected signals create detailed 
radar images, identifying subsurface moisture anomalies.

2.	Moisture Analysis: Proprietary algorithms analyse soil moisture variations to identify 
patterns consistent with treated potable water leaks, filtering out irrelevant sources like rain 
or groundwater.

3.Mapping Points of Interest: Using GIS, SLD outputs maps with POIs that highlight areas with 
a high likelihood of leaks.  A single satellite image can cover thousands of square kilometres, 
streamlining initial surveys across expansive networks.

4.	Field Verification: BOTG teams investigate these POIs using traditional leak detection 
methods to localise and repair leaks.

3.2	 Strengths of SLD
1.	Broad Coverage: Ideal for utilities managing extensive or hard-to-access networks, SLD 

identifies leaks across urban, rural, and industrial zones in a single project.

2.Non-Intrusive Technology: Unlike tracer gas systems or acoustic sensors, SLD surveys do 
not require direct access to pipelines, making it effective even in high-traffic or restricted 
areas.

3.Adaptability to Soil and Network Conditions:

•	Urban Areas: Effective in detecting leaks beneath asphalt, multi-layer roads, and densely 
built infrastructure.

•	Pipe material: Adaptable to diverse pipeline materials, including metal, plastic, and concrete.

•	Supply time: Suitable for intermittent and continuous supply systems, not limiting the 
technologies functionality. 

•	Sandy Soils: Performs well where rapid drainage could challenge other detection methods.

•	Clay Soils: May enhance anomaly detection due to its tendency to retain moisture longer 
than sandy soils, although excessive water spreading horizontally can occasionally 
complicate pinpointing.

4.Integration with Other Technologies: SLD complements tools like DMAs (Box 1) and GIS-
based dashboards, creating a layered approach to leak detection. 

3. Satellite Leak 
Detection – Technology 
and Application

District Metered Areas (DMAs) 

DMAs are defined zones within a water distribution 
network, isolated by strategically placed meters. 
These zones allow utilities to monitor water flow and 
pressure, helping to measure usage, detect leaks, and 
prioritise repairs effectively. Key benefits include:

•	 Leak Identification: DMAs help calculate Minimum 
Night Flow (MNF), a critical indicator of leaks.

•	 Targeted Action: Utilities can focus repairs on zones 
with high losses, improving resource efficiency.

•	 Performance Tracking: DMAs enable benchmarking 
and tracking improvements over time, such as 
reductions in water losses per kilometre of pipe.

Box 1: District Metered Area
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3.3	 Challenges and Considerations 
•	Accuracy in Urban Areas: In densely populated regions, the radius of a POI may encompass 

multiple pipes, requiring extensive field verification.

•	Soil and Environmental Factors: 
o Dense Clay Soils: These may spread moisture horizontally, complicating the precise 
   location of leaks during field verification. 
o Groundwater Table: High groundwater levels may obscure anomalies, necessitating   
   advanced interpretation during data analysis.

•	Field Validation Needs: 
o POIs flagged by SLD must be investigated by skilled BOTG teams. 
o Heavy rainfall does not affect scan   accuracy but may complicate BOTG fieldwork.

•	False Positives and Negatives: Like all technologies, SLD is not immune to errors. False 
positives occur when no leak is found within a POI, while false negatives arise if a leak is 
located outside the designated POI.

3.4	 Integrating SLD into Leak Detection Strategies 
SLD isn’t a standalone solution—it’s a tool that excels when integrated into a comprehensive 
NRW strategy. Its strength lies in localising potential leaks, providing a macro-level view that 
allows utilities to allocate resources more efficiently.

•	 District Metered Areas (DMAs): 
o Overlaying POI data with DMA flow monitoring ensures prioritisation of high-risk leaks. 
o DMAs with elevated Minimum Night Flows (MNFs) are prioritised for BOTG 
   investigation, optimising team efficiency.

•	 Continuous Improvement: Regular satellite scans/images provide a consistent overview of 
the network, allowing utilities to address emerging leaks proactively.

3.5	 The Power of Visualisation:  
Turning Data into Action

One of SLD’s most striking features is its ability to generate visual maps highlighting POIs. 
These maps provide utilities with an immediate, powerful tool to understand and address the 
scope of their leakage issues.

A map filled with POIs doesn’t just guide BOTG teams; it also tells a compelling story. For non-
technical stakeholders, such as utility managers, board members, or politicians, these visuals 
bridge the gap between data and decision-making. They make the invisible visible, turning 
abstract concepts like NRW into concrete, actionable insights.

Whether it’s showing a sprawling network riddled with potential leaks or narrowing down areas 
of focus, these maps are invaluable for building urgency and prioritising action. They also help 
management justify investments in leak detection, showcasing the scale of the problem in a 
way that words or numbers alone cannot.

“A map of POIs from SLD is a powerful visual tool. It turns an invisible problem into 
something tangible for decision-makers.”

Role of Dashboards 
Dashboards, such as ASTERRA’s EO Discover (Figure 2) or utility-developed platforms, 
enhance the value of SLD by providing:

•	 Real-Time Tracking: Monitoring POI follow-ups and repairs.

•	 Impact Quantification: Measuring reductions in water loss, energy savings, and CO₂ 
emissions.

•	 Operational Insights: Offering actionable data to optimise workflows and prioritise 
investments.

By integrating SLD with dashboards, utilities can streamline operations, track progress, and 
demonstrate the value of their leak detection efforts to stakeholders.

Figure 2: EO Discover Dashboard
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3.6	 The Role of SLD: A Tool, Not a Silver Bullet•	

SLD has transformed how utilities manage NRW, offering a powerful tool to identify leaks 
across vast and complex networks. Its strength lies in creating visual maps of POIs, turning 
abstract data into actionable insights. For utility managers and non-technical stakeholders, 
these visuals clarify the scale of water losses and drive prioritisation.

However, SLD is not a silver bullet. It works best as part of a holistic approach, complementing 
traditional methods like acoustic detection and tracer gas. While SLD highlights areas of 
interest, skilled teams, and robust systems are essential for localisation, verification, and 
repair. Its integration with GIS, DMAs, and dashboards further amplifies its effectiveness, 
creating a layered and adaptable strategy.

SLD’s value is in its ability to bridge detection with action, reducing blind walking for field 
teams and enhancing operational efficiency. When integrated into a broader NRW strategy, 
it becomes a catalyst for proactive water management, helping utilities save costs, improve 
services, and align with sustainability goals. 

4.	Case Studies – 
Practical Applications 
of Leak Detection 
Real-world applications provide invaluable insights into the strengths and limitations of leak detection 
technologies. This chapter explores case studies across diverse geographical and operational 
contexts, demonstrating the transformative impact of SLD and highlighting lessons learned from 
implementation.

4.1	 Middle East Utility – Efficiency in Arid Regions
Overview 
Operating in an arid climate, this utility faced extreme conditions, including sandy soils, high 
evaporation rates, and intermittent water supplies. The SLD initiative covered 3,500 km², targeting 
pipelines buried up to 3 meters deep.

Results and Challenges 
• Efficiency Gains: The initiative reduced average detection time by 60%, identifying over   
   900 leaks during the first two projects. 
• Limitations: 
o Intermittent Pressure: Low or variable pressure weakened leak signals, complicating 
   pinpointing during verification. 
o Pipeline Depth: Pipes buried up to 3 meters required more extensive and costly excavation 
   for POI validation. 
o Overlapping POIs: Dense zones with multiple buried pipelines created challenges in 
   isolating specific leaks. 
o Inconsistent GIS Data: Outdated maps slowed alignment of satellite-detected POIs with the 
   network layout. 
o Sandy Soils: Rapid drainage reduced water retention, necessitating supplementary tools 
   for precise confirmation.

Takeaway 
In extreme environments like arid regions, SLD remains a powerful tool for identifying leaks across 
extensive networks. However, to maximize its impact, utilities must address limitations such as 
data quality, pipeline depth, and pressure variability through strategic planning and investment in 
complementary resources.
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4.2. East Asian Utility – High-Efficiency Leak 
Detection in a Regulatory Context

Overview 
An East Asian utility managing an 8,000 km network employed SLD to enhance its leak 
detection capabilities. A single project covering 500 km² was completed within 40 days, 
despite the absence of GIS data due to regulatory restrictions.

Results and Challenges 
• Leak Detection: Identified 180 unreported leaks, including 30 leaks on transmission mains 
with diameters of 200 to 600 mm. 
• Efficiency: Improved detection efficiency from 0.91 to 4.5 leaks per team day. 
• Benchmarking: Achieved a detection rate of 2.25 leaks per 100 km of network. 
• Limitations: The lack of GIS data required field teams to rely heavily on local knowledge, 
extending follow-up timelines.

Takeaway 
This case illustrates SLD’s adaptability, providing significant efficiency gains even in data-
constrained environments.

4.3. Rio de Janeiro, Brazil –  
Tackling Urban Water Loss

Overview 
Rio de Janeiro's utility manages a sprawling 18,000 km pipeline network with NRW losses 
exceeding 60%. A pilot SLD project focused on 600 km of pipelines in densely populated urban 
and peri-urban zones, identifying 116 Points of Interest (POIs).

Results and Challenges 
• Success Rate: Verification revealed active leaks in approximately 70% of POIs, with many 
   located in inaccessible or dangerous areas such as favelas1. 
• Savings: Estimated water savings reached 40 million litres annually, mitigating financial 
   losses and conserving resources. 
• Limitations: Field verification faced delays due to security risks and heavy noise interference 
   from overlapping water connections.

Takeaway 
This project underscores the importance of pairing SLD with robust field teams and prioritising 
zones based on DMA flow data. Despite operational challenges, SLD demonstrated its value in 
large-scale, complex networks.

4.4. Northern European Utility – Proactive Management 
in a Developed Context

Overview 
 A Northern European utility serving over 1 million customers, implemented SLD to complement its 
proactive leak detection strategy. One project covered 200 km of pipelines, focusing on areas with 
historical leak issues.

Results and Challenges 
• Findings: Detected 42 leaks, including several on large-diameter mains. 
• Integration: Leveraged GIS systems and DMA monitoring to prioritise repairs efficiently. 
• Limitations: The success of SLD was partly constrained by the utility’s existing backlog of 
   repairs, highlighting the importance of aligning leak detection with repair capacity.

Takeaway 
This Norther European utility exemplifies how SLD integrates with existing strategies, offering 
enhanced detection while requiring utilities to address internal bottlenecks in repairs and maintenance.

4.5. Kline Township, Pennsylvania, USA –  
Small-Scale Implementation

Overview 
A small utility in Pennsylvania employed SLD to address rising NRW levels. A single project focused on 
150 km of pipeline, targeting water loss in a rural setting with older infrastructure.

Results and Challenges 
• Detection: Found 12 active leaks, including 5 major bursts on transmission mains. 
• Savings: Achieved water savings equivalent to 20% of daily production, substantially lowering 
pumping and treatment costs.

Takeaway 
SLD is scalable for small utilities, offering substantial savings even in resource-limited settings

1 Favelas are informal, densely populated urban settlements in Brazil, often lacking formal infrastructure and 
presenting challenges like unregistered connections and complex layouts.
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4.6. Key Takeaways
SLD has demonstrated its scalability and adaptability across diverse settings, from urban centres like 
Rio de Janeiro to smaller utilities such as Kline Township. Utilities with robust GIS and DMA frameworks 
achieved more targeted and timely results, showcasing the importance of integrating SLD with existing 
systems. However, the absence of these complementary systems often delayed follow-up actions, 
highlighting a need for further operational alignment.

The success of leak detection also depends on repair capacity. Rapid detection must be matched by 
efficient repair workflows to maximise impact. Utilities facing significant repair backlogs may benefit 
from a phased implementation of SLD, allowing them to align detection efforts with their ability to act 
on findings.

Challenges such as inconsistent GIS data and operational constraints have emphasised the need 
for ongoing training and infrastructure improvements. By addressing these limitations, utilities can 
enhance detection accuracy and operational efficiency, making SLD a more impactful part of their 
NRW reduction strategies.

5. Strategic 
Considerations 
for Utilities 
Effective NRW management requires more than technological fixes; it calls for strategic integration 
of tools, data, and people. Utilities must foster a culture of operational excellence, embedding leak 
detection technologies like SLD into comprehensive strategies that align with broader sustainability 
and resilience goals. This chapter explores the critical considerations for utilities, from leveraging GIS 
and customer engagement to visualising actionable data and ensuring long-term success.

5.1 Leveraging GIS for Enhanced Outcomes
While SLD does not rely on GIS to function, utilities with robust GIS frameworks benefit greatly. 
Accurate network maps streamline fieldwork, reduce time spent verifying anomalies, and improve 
overall operational efficiency.

•	Improving GIS Through Leak Detection: Data from SLD projects often reveal discrepancies in 
existing GIS records. For example, the northern European utility discovered unregistered pipelines 
during their SLD project, enabling the utility to update network maps and improve future planning.

•	Actionable Integration: Utilities can feed SLD insights directly into GIS platforms, creating 
dynamic network maps that highlight Points of Interest (POIs), prioritise fieldwork, and 
optimise resource allocation.

5.2 Visualisation: Turning Data into Action
Visual tools transform complex datasets into clear, actionable insights, empowering utilities 
to act decisively. Maps, dashboards, and analytics generated by platforms like EO Discover 
simplify technical data, making it accessible to a wide range of stakeholders (Lee & Keck, 
2022).

•	Simplifying Complexity: SLD-generated maps visually represent POIs across large networks, 
guiding BOTG teams with precision.

•	Engaging Stakeholders: Visualisation facilitates communication with utility managers, 
decision-makers, and external stakeholders, enhancing transparency and trust.

•	Case Study Example: A Middle Eastern utility managing a 5,000 km² network effectively 
used SLD visualisations to prioritise repairs, significantly reducing response times and 
improving service reliability.     

5.3 Building Utility Readiness
Implementing SLD successfully requires more than advanced technology; utilities must assess 
and enhance their operational readiness. Key readiness factors include:

•	Technical Capability: Utilities must have access to appropriate leak detection tools and 
training programs for BOTG teams.

•	Budgetary Allocation: Adequate funding ensures that detected leaks are promptly repaired, 
and projects are sustainably executed.

•	Infrastructure Data: While not mandatory, robust GIS and accurate network data amplify the 
efficiency of SLD and other technologies.

•	Management Buy-In: Clear leadership commitment ensures that NRW reduction remains a 
strategic priority.

•	Customer Protocols: Utilities should establish clear policies for addressing customer-side 
leaks, building goodwill while conserving water.
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5.4 Integrating SLD with DMA Monitoring
District Metered Areas (DMAs) offer a granular view of water flows, enabling utilities to monitor NRW 
with precision. Pairing SLD with DMA monitoring creates a robust framework for prioritising leak 
repairs (IWA Water Loss Specialist Group, 2024).

•	High-Risk Zones: POIs in DMAs with a rapidly increasing Minimum Night Flow (MNF) demand 
immediate attention.

•	Medium-Risk Zones: POIs in DMAs with elevated but stable MNF flows indicate emerging issues.

•	Low-Risk Zones: Stable, low-MNF DMAs can be deprioritised, conserving BOTG resources for critical 
repairs.

•	Example from Northern European Utility: By integrating DMA monitoring with SLD insights, the utility 
was able to refine repair prioritisation, reducing water loss and improving repair efficiency.

5.5 Engaging Customers: The Human Element
Utilities must view customers as active participants in NRW reduction efforts. Transparent 
communication fosters trust and demonstrates a commitment to service quality (Maddaus, Maddaus, 
& Maddaus, 2014).

•	Customer-Side Leaks: Identifying and addressing leaks on customer premises benefits utilities by 
reducing water treatment and distribution costs.

•	Willingness to Pay: Visible improvements in service reliability increase customer trust and willingness 
to pay for utility services.

•	Community Trust: Engaging customers about NRW reduction projects, including SLD initiatives, 
builds a sense of community ownership and accountability.

5.6 Sustainability as a Long-Term Goal
Reducing NRW is not a one-off initiative but a continuous, long-term commitment. To achieve 
sustainable water management, utilities must integrate leak detection into their operational frameworks, 
embedding it within ongoing monitoring, proactive maintenance, and strategic planning efforts.

•	Proactive Maintenance: Establishing a culture of regular assessments and repairs prevents minor 
leaks from escalating into significant water losses. This approach not only conserves water 
resources but also extends the lifespan of infrastructure, reducing the need for costly replacements.

•	Training and Knowledge Sharing: Continuous training for BOTG teams is essential to maintain high 
levels of technical proficiency and adaptability to evolving technologies. Facilitating knowledge-
sharing initiatives—both within the utility and across the sector—encourages collaboration, 
innovation, and the dissemination of best practices.

•	Aligning with Global Sustainability Goals: NRW reduction aligns closely with broader global targets, 
such as the UN Sustainable Development Goals (SDGs). By conserving water, reducing energy 
consumption, and cutting associated carbon emissions, utilities contribute to climate resilience, 
water security, and sustainable urban development. These efforts not only enhance operational 
efficiency but also build trust with customers and stakeholders by demonstrating environmental 
stewardship.

Key Takeaway: A Strategic Imperative Integrating SLD and other leak detection technologies into an 
overarching NRW strategy transforms water management into a proactive and sustainable discipline. 
Through visualisation, GIS integration, DMA monitoring, and customer engagement, utilities can reduce 
water losses, enhance operational efficiency, and secure vital resources for future generations.

Conclusion:  
Building a Sustainable 
Water Future 
Meeting Demand: Prioritising  
Efficiency Over Expansion
As global water demand continues to grow, utilities must address a critical reality: investing in new 
water resources—such as reservoirs, desalination plants, or groundwater extraction—should only 
come after reducing losses and optimising existing systems. New resources are expensive, resource-
intensive, and often environmentally challenging. Reducing NRW, on the other hand, is the most 
immediate, cost-effective, and sustainable path to increasing the availability of water.

Every litre of water saved through loss reduction is a litre that does not require extraction, treatment, 
or distribution. Without decisive action to reduce water losses, utilities risk undermining their 
efficiency, escalating operational costs, and depleting finite resources unnecessarily. Reducing losses 
is not a choice; it is a prerequisite to sustainable water management.

Integrating Innovation with Strategy
Addressing NRW requires a comprehensive strategy that integrates advanced technologies, 
operational excellence, and customer engagement. SLD stands out as an innovative tool, enabling 
utilities to identify leaks at scale and in hard-to-access areas. However, no single solution can tackle 
the complexity of water losses on its own. A layered approach is essential, where tools like acoustic 
sensors, DMA monitoring, and GIS complement each other. High-quality data is the cornerstone of 
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effective leak detection. It enables utilities to prioritise repairs, optimise resources, and monitor the 
impact of interventions. Yet technology alone cannot deliver results. Skilled teams, supported by 
streamlined workflows and committed management, ensure that detection translates into action.

Sustaining Momentum: A Long-Term Commitment
Reducing water losses is not a one-time initiative but a continuous commitment. Proactive 
maintenance, regular monitoring, and rapid responses to new leaks must become embedded in daily 
operations. Utilities must view NRW reduction as a core function, supported by sustained funding and 
long-term planning (Morris-Iveson & Day, 2021).

Aligning with Sustainability Goals
Reducing NRW aligns with broader sustainability objectives, such as minimising carbon footprints, 
conserving energy, and ensuring equitable water access. By tackling inefficiencies, utilities enhance 
resilience to climate change and position themselves as leaders in global water stewardship. 
Sustainable NRW management is not only an operational necessity but also a moral obligation to future 
generations (IWA Water Loss Specialist Group, 2022).

A Call to Action
New water sources may only be needed where losses have been reduced, systems optimised, and 
supply still falls short. For most utilities, the immediate imperative is to conserve existing water 
supplies through efficient operations and advanced leak detection.

Utilities must embrace a culture of innovation, leveraging tools like SLD while integrating these 
technologies into broader strategies. Continuous improvement, robust data management, and 
proactive customer engagement are key to achieving lasting impact. By prioritising water loss 
reduction, utilities secure their operational future while contributing to global sustainability goals.

The stakes are clear, and the rewards are undeniable. Utilities that act with vision and determination 
can ensure reliable water services today while safeguarding resources for tomorrow. The future of 
water is in our hands—let us use it wisely.

References
Asterra. (2019). Using Synthetic Aperture Radar for Underground Leak Detection . Asterra.

Hamilton, S., & Charalambous, B. (2024). Unlocking the Potential: Physical Loss Reduction and 
Carbon Credits. 

Ingildsen, P., & Olsson, G. (2016). Smart Water utilities. Complexity made simple. London: IWA 
Publishing.

IWA Water Loss Specialist Group. (2022). Position Statement (March 2022) Use of the 
Infrastructure Leakage Index (ILI) in EU Directives and Regulations. IWA Water Loss Specialist 
Group.

IWA Water Loss Specialist Group, I. W. (2024). District Metered Areas. Guidance Notes for DMA 
Management. IWA Water Loss Specialist Group.

Kingdom, B., Liemberger, R., & Marin, P. (2006, December). The Challenge of Reducing Non-
Revenue Water (NRW) in Developing Countries. WATER SUPPLY AND SANITATION BOARD 
DISCUSSION PAPER SERIES.

Lee, J., & Keck, J. (2022). Embracing Analythics in the Drinking Water Industry. London: IWA 
Publishing.

Liemberger, R., & Wyatt, A. (2018). Quantifying the global non-revenue water problem. Water 
Science & Technology Water Supply.

Maddaus, L., Maddaus, W., & Maddaus, M. (2014). Preparing Urban Water Use Efficiency Plans. 
London: IWA Publishing.

Morris-Iveson, L., & Day, S. (2021). Resilience in Water Supply in Practice. Experience from the 
frontline. London: IWA Publishing.

Philip, L., Pradeep, T., & Bhallamudi, S. (2023). Technological Solution for Water Sustainability: 
Challenges and Prospects. London: IWA Publishing.



inquiry@asterra.io

www.asterra.io


