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Foreword

n  The NRW Sourcebook for trainers is produced in the 

context of the WAVE capacity building programme. Although 

examples and cases refer to conditions in southern and eas-

tern Africa, it will be of general value to InWEnt water pro-

grammes worldwide. WAVE aims to enhance the capacity of 

senior management and professional staff in water utilities and 

other actors in the water sector for better urban water supply 

services and is implemented with national organisations in 

Kenya, Uganda, Tanzania and Zambia. 

  WAVE was developed in 2006 with strategic and opera-

tional advice and support from many professionals working 

in the water sector and colleagues from the German develop-

ment organisations GTZ, DED, KfW in Africa and the Near 

East. Special thanks goes to Fred Lerise and Nathaniel Mjema 

from Tanzania for their continuous efforts to help to design 

and implement a capacity building programme that is demand-

driven, aligned with ongoing water reform processes and capa-

city development initiatives, and last not least a programme 

that is owned and managed by our partners in Africa.

WAVE is a comprehensive capacity building programme. It 

consists of a sequence of training courses, training-of-trainers 

courses, awareness seminars, regional workshops, conferences, 

exchange visits, e-learning courses, shared (web)workspaces, 

tutoring, the formation of regional and national training 

teams, and the development of training manuals. This NRW 

Sourcebook amends the national NRW training manuals. The 

WAVE Pool, a network of water professionals and delegates from 

key partner organisations in the region, guides and manages 

the WAVE programme. The key areas of capacity building inter-

ventions to improve efficiency and effectiveness of water service 

providers were identified by the WAVE Pool: customer services, 

commercial orientation, organisational development, and - with 

high priority - reducing water losses.

Non-Revenue Water (NRW) – a major challenge. In Africa, it 

is rare to find solid water infrastructure and established operati-

onal practices for managing and controlling the distribution of 

water to customers. Often the pipe network is inadequate, with 

poor information systems and billing practices and a low level 

of technical skills and technology. Tariff systems and revenue 

collection often do not reflect the real value of water supplied, 

which limits the cost recovery of utilities and encourages custo-

mers to undervalue the service. The major challenges towards 

efficient and effective water delivery to all urban people are 

usually poor governance, financial constraints, poor network 

design, poor customer services, and inadequate infrastructure.

It is obvious that high levels of NRW result from volumes of 

water lost through physical leaks or administrative losses from 

poor customer accounting and billing. This seriously affects 

the financial sustainability of water service providers. Reducing 

water losses in bulk water networks and reducing administra-

InWEnt is pleased to present the Management of Non-Revenue Water (NRW) Sourcebook for Trainers. It 

complements training manuals, case studies, learning material and textbooks on NRW which are used by 

InWEnt Capacity Building Programmes for water utilities, regulators, water boards and other water pro-

fessionals to manage water losses. The sourcebook draws on handbooks and training material provided by 

members of the International Water Association - IWA Water Loss Task Force. It assists InWEnt trainers 

in their preparations and provides participants with an overview to understand the concept of NRW and to 

design interventions to manage water losses in urban water supply systems.
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tive losses have manifold direct benefits to utilities: for exam-

ple, increased cash income, reduced energy consumption and 

water production costs (and water allocation permits) and poten-

tially smaller networks. Direct benefits to customers are less 

“intermittent supply” which leads to reduced costs for storage 

tanks; and reduced health risks due to poor water quality that 

is often characteristic of intermittent systems. Indirect benefits 

are associated with better use of scarce water resources at the 

basin level - to the benefit of other potential water users. With 

respect to global climate change, water loss reduction creates 

carbon credits. As we can see, the level of NRW is a key perfor-

mance indicator of utility‘s operating efficiency.

Reducing NRW and maintaining it at (site-specific!) tar-

get levels is a task for any utility aiming at improving its qua-

lity of service and financial soundness. This Sourcebook pro-

vides practical actions for utilities to take to optimize water 

supply through improved operations, maintenance, and sound 

design and management practices for distribution networks. 

It also provides specific operational and commercial strategies 

for the governance and management reforms that are essential 

for sustainability – along with enhancements to human resour-

ces capacities. Hence, NRW reduction also allows for improved 

transparency and accountability, and it provides opportunities 

to serve the urban poor. 

The key message for utility managers and decision makers 

in the water sector is to understand and quantify the non-reve-

nue water and then to develop a strategy to address it. A motiva-

ted and industrious staff can implement site specific solutions 

once the water loss reduction challenge is identified. Therefore, 

this NRW Sourcebook for Trainers provides utility managers, 

regulators, board members, water professionals and trainers/

lecturers in training institutions with a learning tool to improve 

water use efficiency, preserve financial resources, and enhance 

willingness to invest, promote stronger customer satisfaction 

and willingness to pay.

n  The idea to produce the NRW Sourcebook for Trainers 

was developed during a sequence of WAVE training courses 

on NRW-Management for African water utilities, organised by 

the African Water Association (AfWA) in cooperation with the 

World Bank Institute (WBI) and InWEnt in 2007 and 2008. 

The course instructor Roland Liemberger, a WBI trainer and 

member of the International Water Association (IWA), shared 

with us his knowledge and worldwide experience to understand 

operational practices for managing NRW. Only by quantifying 

NRW and its components, and by turning volumes of water 

losses into costs, can the NRW situation be understood as a 

basis for effective actions. In this context, the concept of the 

standard international water balance structure, developed by 

IWA plays a key role. 

The international workshop „Drinking Water Loss Reduction - 

Developing Capacity for Applying Solutions“, organised by the 

UN Water Decade Programme on Capacity Building (UNW-

DCP) in September 2008 in Bonn, was the first opportunity 

for WAVE partners to present their experiences, challenges 

and NRW plans.

The global conference “Water Loss 2009”, organised by 

the International Water Association (IWA) in April 2009 in 

Cape Town provided further opportunities for WAVE partners 

to learn from international best practices and to develop pro-

fessional linkages with the IWA Specialist Group “Efficient 

Operation and Management - Water Loss Task Force” to assist 

WAVE in developing NRW plans in Zambia.

The „Best-practice Conference on Non-Revenue Water 

Management“, organised by the Association of Arab Coun-

tries Water Utilities (ACWUA) in January 2010 in Rabat, gave 

WAVE Pool members from Zambia another opportunity to 

share their practical lessons learnt. They presented NRW-Plans 

to reduce unbilled, apparent and real losses in two pilot utili-

ties in Zambia and reported on immediate, significant success 

stories. These NRW-Plans (see case studies, pages 73-79) were 

part of the WAVE programme in order to link training directly 

with the management of utilities.

Finally, our special thanks go to Ison Simbeye from Zam-

bia who edited the NRW Sourcebook for Trainers. He received 

continuous support from members of the IWA Water Loss Task 

Force. They ensured that international standards are reflected 

towards a better understanding of water losses and an increa-

sed knowledge of the tools to undertake appropriate decisions 

for efficient and effective utility management. 

Dr. Thomas Petermann

Theme Manager Natural Resources, Water and Biodiversity

InWEnt - Capacity Building International, Germany

Dr. Beate Wilhelm

Director, Department Environment, Natural Resources and Food

InWEnt - Capacity Building International, Germany

WAVE = German abbreviation for “water and wastewater services”
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Executive Summary

n  In Zambia, on average the NRW is approximately 45% 

of the system input volume, ranging between 30% and 58%.

There are various challenges that have resulted in these high 

NRW figures and these relate to:

•  Inadequate metering management and low metering 

ratios

•  Poor quality infrastructure with high leakage levels

•  Illegal connections/ high unauthorised water use

• Limited skills in NRW management

•  Governance.

In compiling this Non-Revenue Water Sourcebook for Trainers 

(NRW Sourcebook), various material from the InWEnt, WBI, 

IWA, WRP and Ranhill/USAID has been used. The main sour-

ces are the IWA, WBI (see References).

The NRW Sourcebook has undergone several stages of deve-

lopment; first based on work and exchange of experiences bet-

ween WAVE Pools in Uganda, Kenya, Tanzania and Zambia. 

The best practices and lessons learnt in capacity building ini-

tiative, including training have been used in developing this 

manual. The WAVE Pool Team in Zambia compiled the first 

draft which was reviewed by the Peer reviewers. 

The NRW Sourcebook leads the reader or utility manager through 

the stages of addressing NRW—first, understanding and quan-

tifying NRW, and then developing a strategy to address it.

Unit.1: introduces Water Demand Management and integrated 

water resources management, outlines the urgency for Action 

in Water Management, presents the basis of Water Manage-

ment (The Dublin Principle), and explains why reducing water 

losses is an important component of integrated water resources 

management. This unit is aimed at making the reader appre-

ciate that water supply and sewerage management is connected 

to managing water resources and that efficient utilisation of 

water resources demands that water losses in the water and 

sanitation sector should be minimised.

Unit.2: outlines challenges faced by commercial utilities world 

wide and provides the Zambian example.

It depicts the vicious cycle of Non-revenue water that Water 

Utilities experience when they are not able to meet increasing 

water demand as NRW increases. It presents the desired vir-

tuous cycle of Non Revenue water in which the Water Utility 

has increased revenue and financial capacity to meet increa-

sing water demand as it invests in NRW reduction. Utilities 

The global volume of non-revenue water (NRW) or water losses is staggering. Each year 

more than 32 billion m3 of treated water is lost through leakages from the distribu-

tion networks. An additional 16 billion m3 per year is delivered to consumers but not 

invoiced because of theft, poor metering, inadequate billing systems, or illegal use. A 

conservative estimate of the total annual cost to water utilities world wide is US$14 bil-

lion. In some low-income countries this loss represents 50 -60% of water produced, with 

a global average estimated at 35%. Saving just this amount would supply water to an 

additional 100 million people without further investment in water prodcution and distri-

bution systems (World Bank Discussion Paper No.8, December 2006).  
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must stop the vicious cycle and start the virtuous cycle. Further 

benefits of reducing NRW are outlined and prominent is that:

•  Reducing commercial/ apparent  losses results in impro-

ved billing which is a significant source of new revenue

•  Physical/ real Loss reduction allows utilities to postpone 

capital investments required in water source development 

schemes.

The unit also explains why water utilities fail to reduce NRW, 

pointing out some contributing factors such as denial, Ille-

gal consumption, Network Age, Political interference, New 

Installations easier, Skills competence, Intermittent versus 

sustained supply, etc.

The unit further presents issues influencing implemen-

tation of water demand management consisting of lack pro-

per base - lining and planning, governance, stakeholder the-

ory, corruption, ethics, professionalism, national values, inte-

grity, accountability, transparency, honesty/ conflict of interest, 

gifts and benefits, leadership, determination of values, human, 

dignity, social justice and gender:

Unit.3: highlights the need to understand and accurately quan-

tify NRW as an indicator of a water utility’s operating effici-

ency. The International Water Association (IWA) water balance 

is an excellent method for utility managers to break down and 

identify the key components of NRW. The unit outlines steps 

for conducting a water balance and provides as an example of 

software that can used to calculate the water balance called 

WB-EasyCalc, a spreadsheet-based software, developed by 

Liemberger and partners and supported by the World Bank 

Institute (WBI). Ensuring the accuracy of data used to calcu-

late the level of NRW is also essential in understanding the 

full problem. Collecting accurate data from production meters 

and customer meters helps to measure the true NRW level. 

In addition, the customer billing cycle must be factored into 

NRW calculations to ensure that the time period used for the 

consumption volume measurement matches the production 

meter volume measurement.

Unit.4:.explains the requirements to develop an NRW reduc-

tion strategy. Utilities need to consider establishing an NRW 

management team to develop a strategy, ensure that all com-

ponents of NRW are covered and that the proposed strategy is 

feasible in terms of physical application and financial require-

ments. Choosing the right members promotes ownership by 

the various utility departments involved in the strategy’s imple-

mentation, and also ensure consensus by senior management. 

Identifying the economic level of NRW should be the basis for 

setting the initial utility wide target for NRW reduction. Using 

the water balance to prioritise components for NRW reduction 

helps balance the financial and water supply objectives of the 

NRW strategy.

The NRW reduction strategy should aim to shorten the 

awareness, location, and repair (ALR) times in order to mini-

mise water losses. NRW reduction is a long-term process and 

the strategy may cover a period of four to seven years. Pilot 

projects can help water managers understand the full budget 

required to implement the entire strategy.

Unit.5: emphasises the level of awareness required at all levels. 

Awareness at all levels, from top decision-makers to the end 

consumer, is critical to improving NRW. Building the under-

standing of top-level management on NRW and the budget 

required to reduce it supports the financial sustainability of the 

strategy. Middle management and staff must understand their 

roles and responsibilities in reducing NRW, since it requires a 

long-term, combined effort from all departments in the utility. 

Reaching out to customers helps to increase their awareness 

of NRW and how reducing water losses will result in improved 

water supply and quality.

Unit.6: addresses in detail commercial losses. Commercial 

losses represent lost revenue, and even a small volume will 

have a large financial impact. Commercial losses occur mostly 

through faulty or tampered meters and through errors commit-

ted during meter reading or processing in the billing system. 

Meters are essential tools for measuring water consumption 

and should be as accurate as possible. Coordination from the 

public and relevant local authorities is required to overcome 

illegal uses of water. Training meter readers, staff, and crews 

is a continuous process to ensure competent customer service. 

Investing in high quality meters and a robust billing system 

can result in higher returns.

Unit.7: explains in detail physical losses. Physical losses include 

leakage on transmission and distribution mains; leakage and 

overflows from storage tanks; and leakage on service connec-

tions up to the customer meter. Leakages from transmission 

and distribution mains are usually large events so they are 

reported quickly by the public. They can cause serious damage 

unless they are repaired quickly. Less conspicuous types of lea-

kage are more difficult to detect and repair. A successful lea-

kage management strategy requires pressure management; 

active leakage control, pipeline and asset management, and 

speedy and quality repairs.

Unit.8: deals with zoning or sectorisation in District Meter 

Areas (DMAs) are created. Dividing an open water supply net-

work into smaller, more manageable zones or DMAs is now 
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internationally accepted best practice. Dividing the open net-

work into smaller, more manageable DMAs enables utility 

managers to manage the system more effectively in terms of 

pressure control, water quality, and NRW. DMAs enable the uti-

lity to better understand the network, and to more easily ana-

lyse pressure and flows in problem areas. The criteria in esta-

blishing DMAs include the size (or number of connections); 

number of valves that must be closed; number of flow meters; 

ground-level variations; and visible topographic features that 

can serve as DMA boundaries. Utility managers use the mini-

mum night flow (MNF) and legitimate night flow (LNF) to cal-

culate the net night flow (NNF), along with commercial losses, 

to determine NRW in a DMA. Establishing DMAs helps to 

manage pressure, improve water quality, and enable continu-

ous water supply. 

Unit.9:.gives an indication of the range of performance indica-

tors (PIs) available to utility managers. PIs are an aid to measu-

ring progress in reducing NRW, developing standards, and pri-

oritising investments. The IWA recommends the Infrastruc-

ture Leakage Index (ILI) as the best performance indicator for 

physical losses. Currently, the best PI for commercial losses is 

to express them as a percentage of authorised consumption. 

Utility managers must establish an independent NRW audit 

team to monitor progress in the NRW strategy implementa-

tion. Performance targets should be set on a yearly basis with 

progress monitored and reported monthly. Thus utility mana-

gers should develop and implement monitoring programs to 

ensure their NRW targets are being met.

Case.Studies:.The Case studies represent actual work done by 

water utilities working with the IWA International Experts in 

developing and implementing NRW Plans. Using the water 

balance and site visits, review of policies and practices issues 

are identified and interventions categorised into technical, 

financial, social and institutional. These interventions are then 

prioritised into high, medium and low. Activity plans are then 

developed to cover a period of one year for immediate imple-

mentation of interventions and others scheduled for procee-

ding years. The Kafubu Water case study show that it is possi-

ble to identify a pilot area in which all or most of the interven-

tions can be applied and impact monitored. The results of this 

particular area can then be scaled up to cover the whole city or 

all operational areas of the water utility.

We believe that the philosophies, concepts, and recommen-

dations contained in this NRW Sourcebook for trainers closely 

reflect international best practice, particularly those recom-

mended by the IWA and the World Bank Institute. If African 

utilities apply the approach recommended in the sourcebook, 

they will rapidly benefit from a greater understanding of their 

networks’ performance, and will have an increased knowledge 

of the tools available to identify and reduce their levels of NRW. 

Further, training providers can use this sourcebook to develop 

specific training manuals that can be used to carry out NRW 

training courses.

Author
Ison Simbeye; Lead Trainer in NRW - Water and Sanitation 

Consultant; WAVE Pool member, Zambia

Peer.reviewers
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Introduction
a)  Background to the Sourcebook

This NRW Sourcebook is the result of the initiative by InWEnt 

to develop the capacity of water services providers in the four 

countries of Uganda, Kenya, Tanzania and Zambia. A Trai-

ning Needs Assessment (TNA) exercise conducted by InWEnt 

amongst the water sector institutions, in the countries menti-

oned, during the period August to December 2006 identified 

the area of Non-Revenue Water (NRW) as a key priority area.

In February 2007, InWEnt organized a two-day regional 

WAVE Pool planning workshop in Nairobi for selected stake-

holders in the Water and Sanitation Sector from Uganda, Kenya, 

Tanzania and Zambia. Participants from all four WAVE coun-

tries confirmed the area of Non-Revenue Water (NRW) as a pri-

ority area for capacity building in their respective countries.

This Sourcebook covers the subject of NRW and in compi-

ling it; various material from the InWEnt, WBI, IWA and WRP 

has been used. The main sources are IWA and the WBI.

The NRW Sourcebook has undergone several stages of deve-

lopment since 2008; first based on work and exchange of expe-

riences between WAVE Pools in Uganda, Kenya, Tanzania and 

Zambia. The best practices and lessons learnt in capacity buil-

ding initiative, including InWEnt organised training course 

under WAVE have been used in producing some chapters. Com-

pilation started with a draft of the NRW Training manual for 

Zambia by the WAVE Pool team, which was then reviewed by 

experts. In mid 2009, the NRW Sourcebook materialized and 

underwent another peer review cycle.

The Non-Revenue Water Sourcebook for Trainers leads the 

reader, trainer or utility manager through the stages of addres-

sing NRW - first, understanding and quantifying NRW, and then 

developing a strategy to address it.

b) Purpose and Focus

The main purpose of this Sourcebook is to serve as a reference 

to WAVE Pools in Kenya, Uganda, Tanzania and Zambia for 

them to develop NRW Training manuals meeting IWA Water 

Loss Task Force standards. These IWA standards are being pro-

moted as best practices for addressing challenges that Water 

Utilities face in water loss reduction.

It provides a logical sequence of developing and imple-

menting sustainable NRW management measures in a utility.

The primary focus of the module is on the improvement of 

performance of water service providers through the applica-

tion of practical management skills aimed at reducing water 

losses and maximising revenue.

The capacity building focus of this Sourcebook is primarily 

NRW, a key utility performance gap identified during the trai-

ning needs assessment in February 2007 in Nairobi, Kenya.

c) The Water Sector

Using Zambia as an example, the National Water and Sanita-

tion Council of Zambia (NWASCO) has since the year 2000, 

when most Commercial Utilities were formed, been monito-

ring and reporting the leakage levels using the terminology 

of “Unaccounted for Water” (UFW) which was renamed early 

in 2000 to NRW by the IWA Water Loss Task Force (WLTF). 

The NRW figures have not improved to meet the set bench-

mark requirement of 25% but remains at an average of 45%, 

range from 31% to 52% (NWASCO Annual report, 2008/09).

Thus, high levels of water losses has remained one of the 

major challenges facing Commercial Utilities in Zambia, eit-

her through physical/real losses (leakage), from commercial/ 

apparent losses through theft from the system or water users 

not being properly billed. 

NRW is increasingly being understood as the key indicator 

for utility performance as a high NRW level normally indicates 

a poorly run water utility that lacks the governance, autonomy, 

accountability, and the technical and managerial skills neces-

sary to provide reliable service.

NRW management has for too long been a major challenge 

for Commercial Utilities.

This training course shall therefore not be a stand alone 

event, but the beginning of a long term NRW management capa-

city building programme in Zambia. 

d) Limitations of the Sourcebook 

The design of the Sourcebook on NRW tailored to Southern 

Africa capacity building situations. Therefore limitations may 

exist in the applicability of the NRW Sourcebook to other regi-

ons. However, the principles herein are applicable to any NRW 

situation of any water supply system and can be adaptated.
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e) Overview of the Sourcebook

The Sourcebook is divided into ten (10) main units as descri-

bed in Table 1.  Each unit is broken down into sessions based 

on topics relevant to the achievement of the unit’s objectives. 

A list of references materials and literature consulted during 

the preparations is included at the end.

The Sourcebook provides a practical model for the disse-

mination of knowledge on NRW using experiences derived 

from the local environment and situations. Although the desi-

gners of the NRW Sourcebook put emphasis on the applicabi-

lity of the contents to Southern Africa, the module can easily 

be adopted for use in other Regions experiencing problems 

with NRW.

The primary training methodology recommended by 

the NRW Sourcebook is a participatory and learner centred 

approach aimed at achieving a greater involvement of the par-

ticipants in the learning process.

f) Training Methodology and Approaches

This sourecebook provides guidance to the facilitators on the 

training methodology to be used in each session. It mainly 

adopts the Participatory Adult Learning Approach (PALA) 

which aims at greater involvement of the participants in the 

learning process and is intended to equip the participants with 

skills that can be adapted to their work environments.

Through group work, exercises and case studies, partici-

pants are presented with practical cases based on real life situ-

ations in their areas of operations, and guided to come up with 

tangible solutions that can easily be replicated to the working 

environment. 

g) Expected Outcomes

Participants in Water Utilities understand and are able to apply 

NRW concepts, are able to establish water balances for their 

respective areas. Further participants are able to interpret the 

water balance and develop/ or participate in the development 

and implementation of NRW Plans.

h) Expected Impact 

Water Utilities in the region have in place NRW Plans, integrate 

NRW management into the strategic plans and budgets resul-

ting in reduced NRW level. These reduced NRW levels in turn 

result improved service delivery to the community and thereby 

improving their living conditions on a sustainable basis. Fur-

ther, most importantly result in efficient utilization of water 

resources which has become scarce in some parts of this world.

PALA is as follows:

What it stands for:  Participatory adult learning

Meaning:    We learn together.

Trainer’s role:    To facilitate learning

We believe that:   Learning is a conscious process. You get as much as you allow yourself.

Multiple realities:  Disagreements allow more space to learn. Let us exchange our realities.

So:      Bring yourself in and learn more.
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Unit 1 

Introduction to Water Demand 
Management

The Water governance crisis 

Sectoral approaches to water resources management have 

dominated in the past and are still prevailing. This leads to 

fragmented and uncoordinated development and manage-

ment of the resource. Moreover, water management is usu-

ally in the hands of top-down institutions, the legitimacy and 

effectiveness of which have increasingly been questioned. 

Thus, inefficient governance aggravates increased competi-

tion for the finite resource. IWRM brings coordination and 

collaboration among the individual sectors, and  fosters sta-

keholder participation, transparency and cost-effective local 

management.

Securing water for people 

Although most countries give first priority to satisfying basic 

human needs for water, one fifth of the world’s population is 

without access to safe drinking water and half of the population 

is without access to adequate sanitation. These service deficien-

cies primarily affect the poorest segments of the population in 

developing countries. In these countries, meeting water sup-

ply and sanitation needs for urban and rural areas represents 

one of the most serious challenges in the years ahead. Halving 

the proportion of the population lacking water and sanitation 

services by 2015 is one of the Millennium Development Goals. 

Doing so will require a substantial re-orientation of investment 

priorities, which will be very much more readily achieved in 

those countries that are also implementing IWRM. 

a) Introduction to Water Use and Management

Why Integreated Water Management (IWRM) and Water Demand 
Management (WDM)? 

Key issues in water management

Facts

  Global water: 97% seawater, 3% freshwater. Of the freshwater 87% not 

accessible, 13% accessible (0.4% of total).

  Today more than 2 billion people are affected by water shortages in over 40 

countries.

  263 river basins are shared by two or more nations;

  2 million tonnes per day of human waste are deposited in water courses

  Half the population of the developing world are exposed to polluted sources 

of water that increase disease incidence.

  90% of natural disasters in the 1990s were water related.

  The increase in numbers of people from 6 billion to 9 billion will be the 

main driver of water resources management for the next 50 years.
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Securing water for food production 

Population projections indicate that over the next 25 years 

food will be required for another 2-3 billion people. Water 

is increasingly seen as a key constraint on food production, 

equivalent to if not more crucial than land scarcity. Irrigated 

agriculture is already responsible for more than 70% of all 

water withdrawals (more than 90% of all consumptive use 

of water). With an estimated need for an additional 15-20% 

of irrigation water over the next 25 years, serious conflicts 

are likely to arise between water for irrigated agriculture and 

water for other human and ecosystem uses. IWRM offers 

the prospect of greater efficiencies, water conservation and 

demand management equitably shared among water users, 

and of increased recycling and reuse of wastewater to supple-

ment new resource development

Protecting vital ecosystems 

Terrestrial ecosystems in the upstream areas of a basin are 

important for rainwater infiltration, groundwater recharge and 

river flow regimes. Aquatic ecosystems produce a range of eco-

nomic benefits, including such products as timber, fuel wood 

and medicinal plants, and they also provide wildlife habitats 

and spawning grounds. The ecosystems depend on water flows, 

seasonality and water-table fluctuations and are threatened by 

poor water quality. Land and water resources management 

must ensure that vital ecosystems are maintained and that 

adverse effects on other natural resources are considered, and 

where possible, reduced when development and management 

decisions are made. IWRM can help to safeguard an “environ-

mental reserve” of water commensurate with the value of eco-

systems to human development.

b) Urgency for Action in Water Management

Water is vital for human survival, health and dignity and a 

fundamental resource for human development. The world’s 

freshwater resources are under increasing pressure. Growth 

in population, increased economic activity and improved stan-

dards of living lead to increased competition for, and conflicts 

over, the limited freshwater resource. 

•  Water resources are increasingly under pressure from 

population growth, economic activity and intensifying 

competition for the water among users;

•  Water withdrawals have increased more than twice as 

fast as population growth and currently one third of 

the world‘s population live in countries that experience 

medium to high water stress; 

•  Pollution is further enhancing water scarcity by reducing 

water usability downstream; 

•  Shortcomings in the management of water, a focus on 

developing new sources rather than managing existing 

ones, and top-down sector approaches to water manage-

ment result in uncoordinated development and manage-

ment of the resource.

•  More and more development means greater impacts on 

the environment.

•  Current concerns about climate variability and climate 

change demand improved management of water resour-

ces to cope with more intense floods and droughts.
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c) Basis of Water Management Principles: The Dublin Principle

The water management principles, such as water demand 

management and integrated water resources management 

are based on the Dublin Principle cast in 1992 in Dublin.

The Dublin Principle

A meeting in Dublin in 1992 gave rise to four water management principles that have been the basis for much of the 

subsequent water sector reform. 

  Fresh water is a finite and vulnerable resource, essential to sustain life, development and the environment. Since 

water sustains life, effective management of water resources demands a holistic approach, linking social and 

economic development with the protection of natural ecosystems. Effective management links land and water 

uses across all the catchment areas or groundwater aquifers.

  Water development and management should be based on a participatory approach involving users, planners and 

policymakers at all levels. The participatory approach involves raising awareness of the importance of water 

among policy-makers and the general public. It means that decisions are taken at the lowest appropriate level, with 

full public consultation and involvement of users in the planning and implementation of water projects.

  Women play a central part in the provision, management and safeguarding of water. This pivotal role of women as 

providers and users of water and guardians of the living environment has seldom been reflected in institutional 

arrangements for the development and management of water resources. Acceptance and implementation of this 

principle requires positive policies to address women’s specific needs and to equip and empower women to 

participate at all levels in water resources programmes, including decision-making and implementation, in ways 

defined by them.

  Water has an economic value in all its competing uses and should be recognised as an economic good. Within this 

principle, it is vital to recognise first the basic right of all human beings to have access to clean water and sanita-

tion at an affordable price. Past failure to recognise the economic value of water has led to wasteful and environ-

mentally damaging uses of the resource. Managing water as an economic good is an important way of achieving 

efficient and equitable use, and of encouraging conservation and protection of water resources.

Source The International Conference on Water and Environment, Dublin, Ireland, January 1992

d) What is Water Demand Management (WDM)?

There are various definitions for Water Demand Manage-

ment. In this manual, the following definitions have been 

adopted:

WDM is the development and implementation of strategies 

aimed at influencing water demand in order to achieve water 

consumption levels that are consistent with equitable, effici-

ent and sustainable use of the finite water resources. (IUCN-

WaterNet Postgraduate Training Module on Water Demand 

Management, 2003)

WDM is a management approach that has conservation of 

both the quality and quantity of water as its primary aim. This 

conservation is achieved by the control of demand through 

the use of specific incentives that promote the following 

aspects of water:

•  Efficient and equitable use

•  Efficient and equitable allocation
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e) What is Integrated Water Resources Management (IWRM)?

IWRM is a process which promotes the co-ordinated develop-

ment and management of water, land, and related resources in 

order to maximise the resultant economic and social welfare 

in an equitable manner, without compromising the sustaina-

bility of vital ecosystems (GWP-TAC4, 2000).

This brief introduction to IWRM is aimed at the various 

stakeholders who are targeted to be equipped with a basic 

understanding of IWRM principles. It highlights the need for 

IWRM approaches in water supply and sanitation especially in 

the context of NRW.  The content covered and the approaches 

used for this unit do not make the course participants experts 

on IWRM. If you look at IWRM from a sector perspective, the 

introductory lecture provides the opportunity to look at the 

specific implications of IWRM in your own field, or, equally 

importantly, to recognise and link the key issues in water asso-

ciated sectors (environment, agriculture, domestic/municipal 

water supply and wastewater treatment).

f) Integrated Water Resources Management Concept

Management is used in its broadest sense. It emphasises that 

we must not only focus on development of water resources but 

that we must consciously manage water development in a way 

that ensures long term sustainable use for future generations. 

Integrated water resources management is therefore a syste-

matic process for the sustainable development, allocation and 

monitoring of water resource use in the context of social, eco-

nomic and environmental objectives. 

When responsibility for drinking water rests with one agency, 

for irrigation water with another and for the environment with 

yet another; lack of cross-sector linkages leads to uncoordina-

ted water resource development and management, resulting 

in conflict, waste and unsustainable systems.  Figure 1 shows 

linkages in Integrated Water Resources Management.

The basis of IWRM is that the many different uses of water 

resources are interdependent. For instance, high irrigation 

demands and polluted drainage flows from agriculture mean 

less freshwater for drinking or industrial use; contaminated 

municipal and industrial wastewater pollutes rivers and thre-

atens ecosystems; if water has to be left in a river to protect 

fisheries and ecosystems, less can be diverted to grow crops. 

There are plenty more examples of the basic theme that unre-

gulated and other inefficient uses and practices such as high 

NRW are wasteful and inherently unsustainable.

Thus, all the different uses of water resources are considered 

together. Water allocations and management decisions con-

sider the effects of each use on the others. They are able to 
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take account of overall social and economic goals, including 

the achievement of sustainable development. The basic IWRM 

concept has been extended to incorporate participatory deci-

sion-making. Different stakeholders (water service providers, 

farmers, communities, environmentalists) can influence stra-

tegies for water resource utilisation and management. This 

brings additional benefits, as informed users apply local self-

regulation in relation to issues such as water conservation and 

catchment protection far more effectively than central regula-

tion and surveillance can achieve. 

g) Why is Reducing Water Losses an Important Component of IWRM

The importance of reducing water losses as a component of 

IWRM is evident in the water governance crisis, the need to 

secure water for people, the need to secure water for food pro-

duction, the need to protect the ecosystem and other uses such 

as hydropower plants.

All these competing users have an obligation to use water 

resources efficiently in order not to negatively affect other users 

and ensure sustainability of water resources.

Reducing water losses in water supply schemes encourages 

efficient use of water resources by implementing water demand 

management measures and as such becomes part of Integrated 

Water Resources Management. Water demand management 

measures are part of Integrated Water Resources Management.

Policy and legal framework

Bringing some of the principles of IWRM into a water sector 

policy and achieving political support may be challenging, as 

hard decisions have to be made. It is therefore not surprising 

that major legal and institutional reforms are unlikely to take 

place until serious water management problems have been 

experienced.

In some cases, IWRM may be seen as a threat to donor-

supported capital investment programmes. Some developing 

countries tend to be more concerned with increasing supplies 

through new infrastructure rather than with water efficiency 

or managing water demand. Indeed they fear that the new 

agenda of IWRM will lead to a reduction in capital investment 

for such projects. Attitudes are changing though. Officials are 

becoming more aware of the need to manage resources effici-

ently. They see too, that the construction of new infrastructure 

has to take into account environmental and social impacts and 

the fundamental need for systems to be economically viable for 

maintenance purposes. However, they may still be inhibited 

by the political implications of such a change. The process of 

revising water policy is therefore a key step, requiring extensive 

consultation and demanding political commitment.

Water legislation converts policy into law and should:

•  Clarify the entitlement and responsibilities of users and 

water providers;

•  Clarify the roles of the state in relation to other stakehol-

ders;

•  Formalise the transfer of water allocations;

•  Provide legal status for water management institutions of 

government and water user groups;

•  Ensure sustainable use of the resource.

Institutional Framework

In order to bring IWRM into effect, institutional arrangements 

are needed to enable:

•  The functioning of a consortium of stakeholders involved 

in decision making, with representation from all sections 

of society, and a good gender balance;

•  Water resources management based on hydrological 

boundaries;

•  Organisational structures at basin and sub-basin levels to 

enable decision making at the lowest appropriate level;

•  Government to co-ordinate the national management of 

water resources across water use sectors.
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Taking an integrated approach to improving water efficiency

Improving water efficiency allows countries to reduce water 

scarcity and maximize the benefits provided by existing water 

infrastructure. It also frees up water for other uses and redu-

ces environmental degradation. Efforts to improve water effi-

ciency can therefore contribute directly to the development 

goals of many countries, especially those that are chronically 

short of water or the capital to invest in water development. 

In 2002, the need to improve water efficiency was recognized 

and given new impetus by the World Summit on Sustainable 

Development (WSSD). Article 26 of the WSSD Plan of Imple-

mentation, which sets an action target for the preparation of 

“IWRM and water efficiency plans” by 2005, makes reference 

to water efficiency in two different ways:

Art. 26 (a): “… introduce measures to improve the effici-

ency of water infrastructure to reduce losses and increase 

recycling of water”

Art. 26 (c): “Improve the efficient use of water resources 

and promote their allocation among competing uses in a 

way that gives priority to the satisfaction of basic human 

needs and balances the requirements of preserving or 

restoring ecosystems and their functions, in particular in 

fragile environments, with human domestic, industrial 

and agriculture needs, including safeguarding drinking 

water quality.” 

As Article 26 highlights, improving efficiency has multiple 

aspects. It entails finding ways to maximize the value of water 

use and allocation decisions within and between sectors for 

sustainable social and economic development. It involves get-

ting the most not only out of scarce water resources but also 

out of other natural, human and financial resources.

Article 26 does not only relate to the efficiency with which 

water is used, but the efficiency with which it is “produced”, 

i.e. the efficiency of the processes that go into providing water 

when, where and in the appropriate quantity and quality nee-

ded for a particular use. All this emphasizes the need for a 

multi-faceted approach that considers wider social issues and 

values as well as physical and technical concerns. 

Practical solutions and approaches to improve water effi-

ciency

In practice, water efficiency can be improved using many 

approaches, including investing in physical improvements 

in infrastructure and technology, fostering changes in user 

behaviour, and developing integrated improvements in water 

management.

Improving infrastructure

One way of improving water efficiency is by investing in and 

improving infrastructure. However, any investment made must 

take into account a variety of factors, including a country’s land, 

labour and capital endowments, and its ability to maintain the 

infrastructure it is investing in. Importantly, investment costs 

should never outweigh the benefits obtained in reducing lea-

kage, as it is only cost-effective up to a point. Furthermore, it 

should be remembered that physical improvements are only 

part of the answer. Maximum gains in efficiency are only made 

when they are combined with better management practices. 

Options include investing in water loss reduction systems, 

strengthening regular maintenance programs, matching water 

supply to demand, encouraging recycling and reuse, and intro-

ducing better land-management practices.

Regular maintenance of infrastructure also helps to 

maintain water efficiency levels and is more cost-effective than 

rehabilitation. The best ways of ensuring that structures don’t 

fall into disrepair (which results in plummeting water effici-

ency levels) is to get the users involved in their management 

and to set water user fees which are high enough to cover the 

cost of operation and maintenance. It does no good to develop 

new water infrastructure if it is not going to be maintained.
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Unit 2 

Water Loss Challenges faced by 
Commercial Utilities

a) Introduction

The global volume of non-revenue water (NRW) or water losses 

is staggering. Each year more than 32 billion m3 of treated water 

is lost through leakages from the distribution networks. An 

additional 16 billion m3 per year is delivered to consumers but 

not invoiced because of theft, poor metering or illegal use. A 

conservative estimate of the total annual cost to water utilities 

world wide is US$14 billion. In some low-income countries this 

loss represents 50 -60% of water supplied, with a global average 

estimated at 35%. Saving just this amount would supply water 

to an additional 100 million people without further invest-

ment (World Bank Discussion Paper No.8, December 2006). 

In Zambia, on average the NRW is approximately 45% of the 

system input volume, ranging between 30% and 58%.

There are various challenges that have resulted in these 

high NRW figures and these relate to:

•  Inadequate metering management and low metering 

ratios

•  Poor quality infrastructure with high leakage levels

•  Illegal connections/ high unauthorised water use.

•  Limited skills in NRW management

•  Governance
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b) Vicious cycle of Non Revenue water

The vicious cycle of NRW is shown in Figure 2.  This vicious 

cycle cannot be sustained and often results in the total collapse 

of the water utility.  The challenge is to turn this cycle around 

into a virtuous cycle as shown in Figure 3

Figure 3 : Virtuous cycle of 

Non Revenue water

Figure 2: Vicious cycle of 

Non Revenue water
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c) Benefits of Implementing WDM

Reducing NRW 

Reducing NRW is a source of New Water and Money: In many 

places, reduction of excessive losses is the cheapest water 

source available and the reasons are as follows:

•  Reducing commercial/Apparent  losses results in impro-

ved billing which is a significant source of new revenue

•  Physical/Real Loss reduction allows utilities to postpone 

capital investments required in water source development 

schemes

Added benefits 

Reducing excessive losses results in:

•  More water being available for consumption that can be 

sold

•  Delaying the need for capital investments

•  Lower operating costs

•  Reducing commercial losses will generate more revenue

Reasons given for failure to reduce NRW

It seems obvious what utilities have to do yet many Utilities 

do not do it, why? The following are some of the reasons given 

by various Utilities;

•  Denial: The water utility denies the effects of NRW, rea-

sons like, “we meet the norm or standard NRW figures, so 

there is no problem”

•  Illegal consumption: Utilities claim that it’s mostly illegal 

connections resulting in unknown consumption.

•  Network Age: The water network and associated systems 

need total replacement as they are very old.

•  Political interference: Politicians don’t allow disconnection.

•  New Installations easier: Network Capacity/expansion is 

politically more important than rehabilitation – new deve-

lopment areas etc easier to install than carry out repairs.

•  Skills competence: Our company does not have the right 

kind of staff.

•  Intermittent versus sustained supply: Intermittent or rati-

oned supply keeps water losses low.

NRW Reduction Efforts 

Many funding organisations, including the World Bank and 

Africa Development Bank, have made efforts to reduce non-

revenue water in their projects which have included the fol-

lowing:

•  Prioritizing water loss reduction 

•  Inclusion of NRW reduction components

•  Setting targets for reduced NRW as a condition for funding

However, many projects have not been as effective despite the 

above measures. Some of the reasons for the failure in redu-

cing NRW include:

•  Little understanding of the nature of water losses by the 

people tasked with this responsibility; 

•  Little or no appreciation of the impact of water losses;

•  Poor project design;

•  Grossly under estimated costs of water loss reduction resul-

ting in this task being abandoned; 

•  “Lip service“ to obtain international funding – “NRW red-

uction” used as a politically correct term that is included 

in project proposals when sourcing for international finan-

cing.

•  Failure to realize that NRW reduction is:

•  not just an isolated technical problem

•   tied to overall asset management and operation

•   not a once-off activity, but one requiring long term com-

mitment

NRW Reduction Dependant Factors

The following are some of the factors on which NRW reduc-

tion depends:

•  Proper Operation and Maintenance of infrastructure

•  Customer support of the efforts made by the Utility

•  Financial allocation to support NRW strategy or efforts

•  Management support of staff and efforts to reduce NRW

•  Capacity know how (NRW + Network) 

•  Commercial operations 

•  Asset management 
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d) Issues Influencing the Implementation of WDM

Lack of proper base - lining and planning

Quote from some consultant’s report:

„We estimate that NRW is around 28% ...... we assume that it will 

be reduced to 15% by 2010”

Most Utilities and other service providers do not have proper 

data on NRW or losses in their network from upon which plan-

ning and corrective measures can be based. The above quote 

gives a clear indication of the state of the baseline from utilities. 

Governance

Governance, which is the transparent management of the nati-

onal economy within a democratic, pluralist and free environ-

ment, is now recognized as imperative to development. Gover-

nance is based on a number of cardinal ethical values that 

include transparency, accountability, probity and entails a 

sound and disciplined management. 

Corporate governance on the other hand is the relation-

ship among share holders, management and the board as it 

determines the direction and performance of corporations. 

It refers to efforts to make top executives more accountable 

and responsive to shareholders’ rights, and enhance value in 

the investment process of the company they manage. It invol-

ves accountability towards not only shareholders, but also the 

company’s relevant stakeholders. 

Stakeholder Theory

Stakeholder is any group or individual who can affect or is 

affected by the achievement of the organization’s objectives. 

The central claim of the stakeholder approach is that corpora-

tions are operated for the benefit of all those who have a stake 

in the enterprise, including customers, suppliers and the local 

community.

Corruption

Corruption is a worldwide phenomenon, and events all over 

the world attest to this assertion.

Corruption is the misuse of public power for private and per-

sonal benefit. It is distinguishable from other crimes by the 

fact that it is usually carried out in utmost secrecy and the act 

itself may not be immediately perceptible. More significantly, 

there is no direct obvious victim to complain of corruption and 

to help provide evidence. The victim is more often than not, 

the public at large. In effect successful prosecution is usually 

problematic. Factors contributing to Corruption and unethi-

cal conduct.

•  Political instability

•  Inadequate laws

•  Weak sanctions

•  Weak administrative controls.

•  Poor salaries.

•  Lack of adequate facilities.

•  Insecure and precarious tenure of office.

•  Personal greed and ambition.

•  Case backlog

•  Weak procurement system

•  Inadequate Civil society contribution

Effects of Corruption

•  Raises the costs of goods and services

•  Leads to compromises in quality standards

•  Main causes of under development and poverty

•  Reduces confidence in government/local government pro-

curement procedures

•  Injures competition

Ethics

Ethics refers to a set of accepted norms and standards of con-

duct that establishes the guiding principles of the public and 

private conduct of those who serve the public. It is a statement 

of values that promote decisions, actions, and behaviour for 

the common good, and by which those actions should hold 

public trust and may be judged good or bad or right or wrong.

Principles include selflessness, integrity, objectivity, accounta-

bility, openness, honesty and leadership. 

Professionalism

Professional ethics and standards must be adhered to in the 

exercise of professional duty.
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The players in the particular professional field (Engineering) 

must therefore be are aware of the ethics and standards that 

govern their professional service.

National Values

National values are a set of accepted principles of life and ser-

vice, which promote the common good of all society, thus pro-

viding a basis for determining the ethical and moral obligation 

of the people to themselves and their society.

Integrity

Integrity refers to the quality of an individual or institution in 

respect to its completeness.

•  When you have integrity your words and deeds match up. 

•  A person of integrity does not have divided loyalties.

•  S/He does not have something to fear or hide.

•  A person of integrity is one who has established a system 

of values against which all life is judged.

Accountability

Since all public officers are held in trust for the people, it is an 

incumbent upon those persons placed in positions of leader-

ship or responsibility, in their work, to be answerable to the 

people. Public servants must regularly account for how they 

are discharging their responsibility through legally established 

mechanisms, audits, internal controls and reporting arrange-

ments to demonstrate and account for performance and ascer-

tain compliance.

Transparency

All public servants must communicate intentions, activities, their 

costs and benefits and the results to stakeholders and the public.

The public is entitled to know how public institutions apply 

the power and resources entrusted to them and therefore have 

the right to access information that relates to service delivery 

and governance.

Honesty/Conflict of Interest

Public Officers must be honest and selfless in the exercise of 

their responsibilities. They have the duty to declare any private 

interest relating to their public duties and take steps to resolve 

any conflict arising in a way that protects the public interest.

Gifts and benefits

A public officer must not solicit or accept any gifts, gratuity 

or benefits, in cash or kind, from persons or bodies with who 

he/she is offering a service or transacting business in his offi-

cial capacity.

Leadership

Holders of public office should promote and support those 

principles of leadership by example.

Determination of values

Values are determined from various sources these include:-

•  Tradition and custom;

•  Religious beliefs and practices;

•  Governance;

•  Professional services

•  Business practices

•  Fear of God

Human dignity

The constitution enshrines the value of human dignity as a 

basis for recognition, protection, exercise and enjoyment of 

human rights and freedoms of all people irrespective of their 

gender, race, social standing and disability.

Social Justice

Gender, racial and ethnic equity is a hall mark of society that 

prides itself in values of the fear of God and the dignity of the 

human person.  
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Gender:

•  Gender is a much broader term that refers to the cultural 

and social distinctions between women and men. 

•  These include the different attributes, status, roles, respon-

sibilities, opportunities and privileges accorded to women 

and men as well as their access to, and control over, resour-

ces and benefits.

•  All these distinctions differ and change according to time 

and place.

•  Gender is a concept that refers to the social and cultural 

constructs that each society assigns to behaviours, cha-

racteristics and values attributed to men and women.

•  Reinforced by symbols, laws, and regulations and institu-

tions.

•  These constructs are shaped by ideological, historical, eth-

nic, economic and cultural determinants.  

•  The concept of gender is used to understand the social and 

personal relations between men and women.

•  It is also used in analyzing roles, responsibilities, cons-

traints, opportunities and needs of men and women in a 

given context.

At this stage participants may share experiences on corrup-

tion and un ethical practices, either in plenary or group dis-

cussions, specific cases of corrupt/unethical practices in their 

areas, and how they impact directly on their businesses and 

propose remedies to mitigate against the problem.
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Unit 3 

The Concept of NRW and its 
Application

a) The IWA International Standard Water Balance and Terminology

Because of the wide diversity of formats and definitions used 

for water balance calculations (often within the same country), 

there has been an urgent need for common international ter-

minology. Drawing on the best practice from many countries, 

the IWA WLTF produced an international ‘best practice’ stan-

dard approach for water balance calculations with definitions 

of all terms involved. Figure 4 shows the IWA standard inter-

national water balance and terminology.

The concept of NRW and its application is based on the work of the IWA Water Loss 

Task Force (WLTF) and using the correct Performance Indicators (PI’s) is best under-

stood by first understanding the water balance.
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System

Input

Volume

(corrected for 

known errors)

Authorized

consumption

Billed  

authorized  

consumption

Billed metered consumption 

(including water exported)

Revenue water
Billed unmetered

consumption

Unbilled

authorized

consumption

Unbilled metered

consumption

Non-Revenue Water

(NRW)

Unbilled unmetered consumption

Water

Losses

Commercial 

(apparent)

Losses

Unauthorized consumption

Customer Metering Inaccura-

cies and Data Handling Errors

Physical (real)

Losses

Leakage on transmission and/or

distribution Mains

Leakage and overflows at util-

ity’s storage tanks

Leakage on service connections up 

to point of customer metering

Figure 4 : IWA standard international water balance and terminology

The definitions of the principal components of the IWA water 

balance are as follows:

•  System input volume is the annual volume input to that 

part of the water supply system

•  Authorised Consumption is the annual volume of metered 

and non-metered water taken by registered customers, the 

water supplier, and others who are implicitly or explicitly 

authorised to do so (e.g. water used in government offices 

or fire hydrants). It includes exported water and the leaks 

and overflows after the point of customer metering.

•  Non-Revenue Water (NRW) is the difference between 

system input volume and billed authorised consumption. 

NRW consists of unbilled authorised consumption (usually 

a minor component of the water balance) and water Losses.

•  Water Losses is the difference between System Input 

Volume and Authorised Consumption, and consists of 

apparent (commercial) losses and real (physical) losses.

•  Commercial Losses, sometimes referred to as ‘apparent 

losses’, consist of unauthorised  consumption and all types 

of metering inaccuracies

•  Physical Losses, sometimes referred to as ‘real losses’, are 

the annual volumes lost through all types of leaks, bursts 

and overflows on mains, service reservoirs and service con-

nections, up to the point of customer metering.

The components of the water balance should always be calculated 

as volumes before any attempt is made to calculate performance 

indicators. The separation of non-revenue water into components 

– unbilled authorised consumption, commercial (apparent) losses 

and physical (real) losses – should always be attempted.

Sometimes even the most basic information, such as 

system input volume, average pressure, supply time, length of 

mains, and the number of service connections, is not initially 

available. The process of calculating each of the water balance 

components and performance indicators will reveal such defi-

ciencies. The utility management should then take corrective 

action to close these data gaps and improve data quality. Using 

incomplete or inaccurate data for the water balance calculation 

will not produce useful result.

When the entire system input is metered, determining the 

annual system input volume is a straightforward task. Utility 

managers must collect meter records regularly and calculate 

the annual quantities of the individual system inputs. This 

includes a utility’s own sources as well as imported water from 

bulk suppliers. Ideally the accuracy of the input meters is veri-

fied using portable flow measuring devices.

Water utility managers need to accurately measure water 

produced from the treatment facility. Total water produced is 

a key input for the water balance.
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Billed metered consumption includes all of the water consump-

tion that is measured and charged to domestic, commercial, 

industrial or institutional customers. It also includes exported 

water that is measured and charged. The billed metered con-

sumption period used in the calculation should be consistent 

with the audit period by processing it for time lags. In addi-

tion, NRW managers should determine the general accuracy 

of various domestic and non-domestic consumption meters 

for a possible 95% confidence limit by taking a sample of exi-

sting working meters from various locations and testing them 

on a standard recognised and calibrated meter test rig. Inde-

pendent companies provide testing services if the water uti-

lity does not own a meter test rig. If several different custo-

mer meter brands are in operation, then the sample selection 

should include meters from each brand.

Determining the annual billed metered consumption goes 

hand in hand with detecting billing and data handling errors, 

information that utilities also require for estimating com-

mercial losses. The volume of unbilled metered consumption 

should be established using a similar approach to that for billed 

metered consumption.

Unbilled unmetered consumption is any kind of authori-

sed consumption that is neither billed nor metered. This com-

ponent typically includes items such as fire fighting, flushing 

of mains and sewers, street cleaning, frost protection, etc. In a 

well-run utility, it is a small component that is very often sub-

stantially overestimated. Unbilled unmetered consumption, tra-

ditionally including water the utility uses for operational purpo-

ses, is often seriously overestimated. This is sometimes caused 

by simplification (e.g. using a percentage of total system input), 

or by deliberate overestimates to ‘reduce’ the amount of NRW.

b) Key steps for conducting a water balance

The utility needs to have certain information about the network 

to conduct a water balance such as:

•  System input volume

•  Billed consumption

•  Unbilled consumption

•  Unauthorised consumption

•  Customer metering inaccuracies and data handling errors

•  Network data

•  Length of transmission mains, distribution mains and ser-

vice connections

•  Number of registered connections

•  Estimated number of illegal connections

•  Average pressure

•  Historic burst data

•  Level of supply service (24-hour, intermittent, etc)

The four basic steps to conduct an IWA water balance are sum-

marised as follows:

•  Step 1. Determine system input volume

•  Step 2. Determine authorised consumption

 -  Billed—total volume of water billed by the water utility

 - Unbilled—total volume of water provided at no charge

•  Step 3. Estimate commercial losses

 -  Theft of water and fraud

 -  Meter under-registration

 -  Data handling errors

•  Step 4. Calculate physical losses

 - Leakage on transmission mains

 - Leakage on distribution mains

 - Leakage from reservoirs and overflows

 - Leakage on customer service connections

Confidence limits of up to 95% should be applied to all water 

balance data. These define the boundaries within which utility 

managers can be 95% sure that the true value for that particu-

lar component lies. Although the water balance is an important 

tool for understanding inflows, consumption, and losses, the 

general lack of data leads to problems. Data gaps make it diffi-

cult to quantify commercial losses and to pinpoint the nature 

and location of physical losses. However, the water balance can 

be improved using two other methodologies:

•  Component analysis of physical losses, using the network 

information.

•  Measurement of leakage, using analyses of night flows into 

District Meter Areas (DMAs)
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Software for water balance calculations

Water balance software as required to undertake a basic water 

audit using the standard IWA methodology is freely available 

from many sources.  

The WB-EasyCalc

WB-EasyCalc, used in the NRW Training workshops in Eas-

tern and Southern Africa, is one example of a tool to support 

water balance calculations in addressing NRW. Utility mana-

gers can use this spreadsheet-based software, developed by 

Liemberger and partners and supported by the World Bank 

Institute (WBI). The picture below shows the homepage of the 

software for ‘getting started’.

One advantage of EasyCalc is that the software not only asks 

for physical data, but also for an assessment of the accuracy of 

that data. For example, when entering the production volume, 

the user must also estimate the accuracy of this data based 

on the type and age of production flow meters, if any, and the 

amount of maintenance carried out on the meter. Using these 

estimates, the software calculates NRW volume and its various 

components, in addition to the accuracy of these volumes. For 

Figure 5.1: Screen dump from WB-EasyCalc
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example, EasyCalc may determine that NRW is 21% with an 

accuracy of +/- 66%— meaning that the actual NRW ranges 

between 7% and 35%.

WB-EasyCalc is available as a free download at 

http://www.liemberger.cc/diverse_uploads/WBEasyCalc.xls.

South African Water Research Commission Softwares

In the African context, the South African Water Research Com-

mission has identified the reduction of non-revenue water as 

one of the key problem issues facing the continent.  To assist 

water suppliers in addressing their losses, the Commission 

has developed a suite of models and associated documenta-

tion which can be downloaded freely from their web site.  The 

models currently available include:

•  The SANFLOW minimum night flow analysis model

•  The PRESMAC pressure management model

•  The ECONOLEAK active leakage control assessment model

•  The AQUALITE water balance model

Other freely available models can be found on the internet and 

they generally perform similar functions to those listed above.  

One of the features of the Water Research Commission models 

is the fact that they all include a detailed user guide which is 

very helpful for any new water supply manager.

One advantage of the latest water balance models is that they 

include the facility to incorporate an error term which was first 

included in the SANFLOW Model and then incorporated into 

the BENCHLEAK water balance model which has recently been 

replaced by the latest AquaLite model.   For example, when 

entering the production volume, the user must also estimate 

the accuracy of this data based on the type and age of produc-

tion flow meters, if any, and the amount of maintenance car-

ried out on the meter. Using these estimates, the software cal-

culates NRW volume and its various components, in addition 

to the accuracy of these volumes. For example, AquaLite may 

determine that NRW is 21% with an accuracy of +/- 66%— 

meaning that the actual NRW ranges between 7% and 35%.

All of the WRC models listed above can be downloaded free of 

charge from www.wrc.org.za or www.wrp.co.za. 

Figure 6.2: Cover Page from AquaLite Water Balance Model
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c) Improving the accuracy of water balance resultss

The accuracy of production meters, customer meter reading, 

and billing are the main factors affecting the NRW volume 

calculation.

Production meter accuracy

The accuracy of production flow meters is critical to calculating 

system NRW. Generally, the number of production flow meters 

is relatively small, meaning that a greater proportion of the 

flow is measured by each meter. This means that an error on 

one of these meters has a great impact on the total production 

measurement. Different meter types have different accuracies.

All meter types must be regularly maintained to ensure their 

continuing accuracy. Over time meters can be affected by a 

number of factors, including water quality, pipe vibration, dirt 

entering the meter, and electronic malfunction. Utility mana-

gers should regularly check the accuracy of both the electro-

nic functionality of the meter if electronic, and the volumetric 

accuracy. The electronic functionality can be checked onsite 

using the meter manufacturer’s test equipment. The volume-

tric accuracy can be checked using a second meter, which is 

generally a portable meter installed just for the test period. 

Some water utilities opt to install a second meter permanently 

as a backup in case the first meter fails.

Customer meter accuracy

The accuracy of customer meters is equally important, with 

the main difference being that there are many more customer 

meters in operation—and each measures a relatively smaller 

flow—than production meters. The accuracy of customer mete-

ring depends on several factors, including meter type, brand, 

and replacement policy, maintenance, and water quality. The 

water utility should establish guidelines for all of these factors 

to ensure accuracy of customer consumption data.

Customer billing cycle

When calculating the NRW , many water utilities simply sub-

tract customer consumption data from the production meter 

volume, and then are satisfied with the low result. However, 

this is often a false measurement of NRW because, unlike with 

the production meters, which are usually read on the same day 

of every month, customer meters are read over the full month. 

Information on the average billing cycle, or the time in days 

between meter reads, is critical. Utility managers should then 

factor the total consumption down to get the true consump-

tion volume for the exact time period as the production meter 

volume measurement. Addressing the above issues greatly 

improves the accuracy of the NRW calculation, which utili-

ties will use as the baseline in developing an NRW reduction 

strategy.

KEY MESSAGES

•  NRW is an indicator of water utilities’ operating effi-

ciency.

•  Ensuring the accuracy of the NRW calculation is 

essential in understanding the full problem.

•  The IWA standard water balance is an excellent 

method of breaking down the components of NRW, 

and tools are available to help utility managers cal-

culate the water balance

•  Accurate production and customer metering ensure 

that the true NRW level is measured

•  The average billing cycle must be factored into NRW 

calculations to ensure that the time period used for 

the consumption volume measurement matches the 

production meter volume measurement.
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Unit 4 

Developing a NRW Strategy and 
Implementation Plans

a) Establishing the strategy development team

The NRW reduction strategy team ensures that all components 

of NRW are covered and that the proposed strategy is feasible 

in terms of physical application and financial requirements. 

The team should comprise of members from each operational 

department, including production, distribution, and customer 

service. It may also include members from the finance, pro-

curement, and human resource departments. Choosing the 

right members promotes ownership by the utility’s various 

departments involved in the strategy’s implementation, and 

also ensure consensus by senior management.

The NRW challenge can only be properly understood after the NRW and its compo-

nents are quantified, the appropriate performance indicators calculated, and the lost 

water volume is translated into its corresponding economic value. Development of the 

water balance reveals the magnitude of each NRW component. This chapter discusses 

how to identify the major NRW components and develop a company-wide strategy to 

reduce targeted components.
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b) Importance of setting appropriate NRW reduction targets

The strategy development team should first set a company-

wide target for NRW reduction, taking into account the 

utility’s other goals or policies that will either complement 

or conflict with NRW reduction. In addition, water utili-

ties may have an active regulator who will set performance 

indicators for NRW and other targets. Often, the NRW tar-

get is chosen arbitrarily, without any real consideration of 

cost implications or whether it is achievable. Identifying 

the economic level of NRW is essential to setting the ini-

tial NRW target, and it requires a comparison of the cost of 

water being lost versus the cost of undertaking NRW red-

uction activities.

c) Prioritising NRW reduction components

Once the utility-wide NRW target is set, utility managers 

should calculate the proposed volume of water saved by com-

paring the NRW baseline with the target level. The various 

components, as detailed in the water balance, are then pri-

oritised according to how the required total reduction can 

be most cost-effectively achieved. That is, some components 

may comprise a significant volume, but would not be targeted 

because of the high cost to achieve reductions in that compo-

nent. On the other hand, focusing on another component may 

cost less while reducing the same volume. The water balance 

table shows the magnitude of NRW components in terms of 

volume, which utility managers can use to determine the cor-

responding financial values.

In general, if a physical loss is detected and repaired then 

the savings will be in terms of a reduction in variable opera-

tional costs. When a commercial loss is detected and resol-

ved, then the saving will be an immediate revenue increase 

and thus is based on the water sales tariff. The water sales 

tariff is higher than the variable production cost for all profi-

table water utilities; in some cases, the sales tariff is as high 

as three or four times the production cost. A smaller volume 

of commercial loss may have a higher financial value, so if 

increasing financial resources is the objective, then commer-

cial losses should be prioritised.

Where a water utility has a shortage of treated water, and 

some customers receive less than a 24-hour supply or the 

supply coverage is less than 100%, then reduction in phy-

sical losses would effectively create additional water supply. 

If increasing water supply is the objective, then prioritising 

physical losses could enable customers to receive water 24 

hours a day, or new customers to be connected to the sup-

ply system.
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d) Basic premise of NRW reduction strategy: awareness, location  
  and repair (ALR)

Once the utility-wide NRW target is set and the different com-

ponents analysed to prioritise areas for achieving the desired 

reduction, then individual activities will be identified. The 

development of the strategy should be based on the concept of 

Awareness, Location, and Repair, or ALR. This concept states 

that any loss occurring from leaks, overflows, faulty customer 

meters, or other sources will have three stages which are as 

follows:

•  Awareness time—time required for the utility to become 

aware of the leak

•  Location time—time required to locate the leak

•  Repair time—time required to repair the leak

The volume of water lost will continue to increase 

until the water utility is aware of the problem, locates and 

finally repairs it. An underground leak could run for seve-

ral months or even years without anyone being aware that 

it exists. Therefore, the NRW strategy must ensure that the 

company improves its awareness, location, and repair times 

for all NRW components.

Many losses occur because of poor or limited maintenance, so 

in addition to reducing ALR, a fourth element of the NRW stra-

tegy should be system maintenance. This is critical to maintai-

ning good asset condition and reducing the incidence of new 

leaks, meter failures, reservoir leaks, and other problems.

When developing a NRW management strategy, remem-

ber that reducing NRW is not a short-term process. The 

timeframe for implementing each strategy component 

should be outlined, with some activities possibly spanning 

years rather than months. NRW strategies spanning bet-

ween four and seven years are reasonable—any less is ambi-

tious, and any more will not be as cost-effective.
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e) Budget considerations for implementing the strategy

The development and implementation of activities to achieve 

the targeted level of NRW incurs a financial cost. With some 

NRW management strategies lasting years, the overall cost 

could be quite substantial. A long term budget that is tho-

roughly discussed with key stakeholders will ensure that all 

parties are aware of the costs required and that the strategy is 

financially viable. Many NRW strategies start off at full speed 

but often fail due to budget cuts over time.

Undertaking pilot projects to demonstrate the effective-

ness of the NRW strategy is useful. The pilot should cover a 

smaller area, be substantial enough to ensure that all com-

ponents of the NRW strategy are tested, and operate under 

financial conditions that can be replicated when activities 

are implemented throughout the entire network. The analy-

sis of the pilot results should be used in the development of 

the economic level of NRW for the entire system.

In preparing a budget, the utility manager needs to iden-

tify but not be limited to the following costs:

•  Staffing — Include staff for both direct NRW works (e.g. 

leakage technicians) and indirect support (e.g. procure-

ment staff).

•  Equipment — Include equipment installed permanently 

(e.g. DMA meters) and those used on a day-to-day basis 

(e.g. leakage detection equipment).

•  Vehicles — Include transportation costs, which can become 

an important issue in maximising the work rate of all staff. 

Small teams generally cover the entire supply system for 

undertaking NRW works.

•  Works — Include the costs for the planning, design, 

construction and commissioning of equipment such as 

meters, pressure reducing valves and detecting and repai-

ring of all leaks.

 KEY MESSAGES

•  The NRW reduction strategy team ensures that all 

components of NRW are covered and that the propo-

sed strategy is feasible in terms of physical applica-

tion and financial requirements. Choosing the right 

members promotes ownership by the various utility 

departments involved in the strategy’s implementa-

tion, and also ensure consensus by senior manage-

ment.

•  Identifying the economic level of NRW should be 

the basis for setting the initial utility wide target for 

NRW reduction.

•  Using the water balance to prioritise components 

for NRW reduction helps balance the financial and 

water supply objectives of the NRW strategy.

•  The NRW reduction strategy should aim to shorten 

the awareness, location, and repair (ALR) times in 

order to minimise water losses.

•  NRW reduction is a long-term process and the stra-

tegy may cover a period of four to seven years. Pilot 

projects can help water managers understand the 

full budget required to implement the entire stra-

tegy.
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Unit 5 

Awareness Creation on the 
Strategy

More specifically, the following groups should understand 

NRW and their role in reducing water losses:

•  Top decision-makers, including the Board of Directors, 

mayors, or political leaders

•  All levels of the utility’s management and staff

•  The general public, or consumers

The public’s perception of NRW is shaped by information 

presented through the media, which often does not include 

full explanations of the complex issues involved. During the 

initial implementation period of the NRW reduction strategy, 

the public will be greatly affected when water supply is stop-

ped to install meters, repair leaks, or undertake other work. 

The utility must ensure that the public is aware of the stra-

tegy and understands that service interruptions will result in 

long-term benefits for all.

This chapter describes the roles and responsibilities of 

each type of stakeholder in implementing the NRW reduc-

tion strategy. Outreach programs will help build awareness 

and consensus regarding the importance of reduction activi-

ties and the benefits of reducing NRW.

Effectively addressing NRW requires a combined effort from management and staff 

throughout the utility. However, the number of staff with a good knowledge of NRW is 

usually limited to engineers or others working at an operational level. Everyone, from 

the Chief Executive Officer to the technicians, should understand the importance of 

NRW and how it affects their daily work and the utility. 
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a) Gaining high-level approval

Top decision-makers, such as the Board of Directors,  mayor 

or other political leaders, are responsible for reviewing and 

approving the strategy. A general presentation and discus-

sion on NRW will help ensure that they understand the 

value of minimising NRW. The decision-makers should be 

informed of the present NRW level, the benefits of reducing 

NRW, operational activities required to achieve reductions, 

and the budget required to carry out activities. Lack of appro-

val at the highest levels or inadequate funding support can 

lead to the failure of NRW strategies.

Securing approval for the NRW reduction strategy from 

top decision-makers underscores its importance among staff. 

At the same time, the senior management will be accountable 

to the decision-makers for achieving results, and will report 

back on improvements to the strategy and any additional bud-

get requirements.

b) Building staff awareness and consensus

The utility’s staff needs to understand NRW and how the NRW 

reduction programme will improve the organisation. In cer-

tain cases, savings from the NRW reduction programme may 

be shared with the staff through bonuses or other incentives.

All staff, from the highest to the lowest position of 

employment, should understand the NRW reduction stra-

tegy and their role in achieving the NRW target. Middle 

managers should participate in briefing sessions to raise 

their NRW awareness and to provide input to strengthen 

the strategies. Managers should then brief their operati-

onal staff on upcoming activities and changes in policies 

and practices. Some examples of how individuals in vari-

ous departments are involved in the strategy’s implemen-

tation include:

•  Meter readers must provide accurate readings as this will 

immediately affect the NRW calculation.

•  Purchasing officers must complete equipment orders as 

quickly as possible, since delays in the purchasing process 

will then hinder these necessary installations and upgrades 

in the system. As a result, district meter areas (DMAs), 

which can play a key role in reducing NRW, will not be 

established in a timely manner.

•  Financial officers must not delay payments to suppliers, as 

this may disrupt future equipment and  supplies.

•  Repair crew must repair burst pipes as quickly as possi-

ble so that water losses and water supply disruptions are 

minimal. Fast repairs increase the utility’s efficiency and 

promote customers’ willingness to pay their water bill.

In certain cases, contractors rather than utility staff 

will undertake repair works. These contractors should also 

understand NRW and any new repair standards or practices 

that are implemented.
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c) Reaching out to customers

One of the goals of reducing NRW is also to provide better 

and more efficient services to the public. To accomplish this, 

the public must also understand how they can help manage 

NRW by reporting burst pipes, faulty valves, leaks, or other 

problems that limited utility crews may not detect. The earlier 

the utility becomes aware of a burst pipe or leak, the faster it 

will be repaired, thus reducing the losses.

Awareness programmes should be organised with a vari-

ety of stakeholders from the public, including politicians, 

community leaders,  household and industrial consumers. 

Programmes generally focus on basic NRW concepts and how 

reducing NRW helps to ensure that communities receive bet-

ter water supply and services.

After awareness programmes are conducted in each com-

munity, all staff should work to ensure that customer confi-

dence in the utility’s services is maintained. A key element in 

this is open communication. For example, the public should 

be able to easily contact the utility to report burst pipes, lea-

kages, or other concerns. The utility should establish a system 

to receive information or complaints from customers, and 

then disseminate it to the relevant operational units so action 

can be taken quickly.
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 KEY MESSAGES

•  Awareness at all levels, from top decision-makers to 

the end consumer, is critical to improving NRW.

•  Building the understanding of top-level manage-

ment on NRW and the budget required to reduce it 

supports the financial sustainability of the strategy.

•  Middle management and staff must understand 

their roles and responsibilities in reducing NRW, 

since it requires a long-term, combined effort from 

all departments in the utility.

•  Reaching out to customers helps to increase their 

awareness of NRW and how reducing water losses 

will result in improved water supply and quality.
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Unit 6 

Understanding Commercial 
Losses

a) Definition of commercial losses

Commercial losses, sometimes called ‘apparent losses’, include 

water that is consumed but not paid for by the user. In most 

cases, water has passed through the meter but is not recorded 

accurately. In contrast to leaks or reservoir overflows, the lost 

water is not visible, which leads many water utilities to overlook 

commercial losses and concentrate instead on physical losses.

Commercial losses can amount to a higher volume of water 

than physical losses and often have a greater value, since red-

ucing commercial losses increases revenue, whereas physical 

losses reduce production costs. For any profitable utility, the 

water tariff will be higher than the variable production cost—

sometimes up to four times higher. Thus, even a small volume 

of commercial loss will have a large financial impact.

An additional benefit in reducing commercial losses is that 

it can be accomplished quickly and effectively. This chapter 

reviews the four main elements of commercial losses and pre-

sents options to address them.
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b) Commercial loss elements and management strategies

Commercial losses can be broken down into four fundamen-

tal elements as shown in Figure 7.

Economic target for 
commercial losses

Meter errors

Water  
theft

Water accounting  
errors

Meter under  
registration

Existing commercial losses

Figure 7 : Four components of commercial losses
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c) How to address customer meter inaccuracy

Inaccurate meters tend to under-register water consumption 

leading to reduced sales and therefore reduced revenue. Only 

very rarely do meters over-register consumption. Utilities 

should focus initially on large customers, such as industrial 

or commercial users, since they consume a larger volume of 

water and often pay a higher tariff. Using data from accu-

rate meters to bill customers, rather than charging them 

based on an assumed per capita basis, ensures that custo-

mers are charged according to their actual consumption and 

encourages them to preserve water. The paragraphs below 

discuss common problems with customer meter accuracies 

and solutions for utilities.

Installing meters properly

Meters should be installed properly according to the 

manufacturer’s specifications. For example, some meters 

require a specific straight length of pipe upstream and down-

stream of the meter. A meter stand should therefore be 

constructed onsite based on the design requirements and 

meter specifications. Utilities should purchase the meters 

on the customers’ behalf, so that only standard, high quality 

meters are used. Meters should also be installed where meter 

readers can easily read them, and where it is easy to identify 

each property’s meter. In addition, the management and staff 

responsible for meter installations should be trained on pro-

per handling of meters. Improper meter installation leads to 

inaccurate data and billing errors.

Monitoring water quality

Poor water quality resulting from poor raw water, inadequate 

treatment processes, or dirt infiltration due to pipe shutdowns, 

may cause sediment to form in the pipes. These sediments can 

also build up on the internal parts of meters, especially mecha-

nical meters. The build up in sediment affects the meter’s 

accuracy by increasing frictional losses, which causes the 

meter to run more slowly and thus under-register consump-

tion. Utilities must regularly monitor water quality and clean 

mechanical meters to minimise sediment levels and promote 

accurate meter measurements. An inline strainer before the 

meter can help prevent this from happening and should be 

considered on the larger high volumetric flow meters

Monitoring intermittent water supply

Where water supply is intermittent, i.e. the customer receives 

water only a few hours a day, customer meters will register a 

certain volume of air when the water supply is first turned on. 

In addition, the sudden large increase in pressure can damage 

the meter’s components. Intermittent supply should be avo-

ided for a number of reasons, including the negative impact 

on customer meter accuracy. There are modern meters that do 

not measure air but there is a cost element involved for such 

technology and this is not a solution to intermittent supplies.

Sizing meters properly

Customer meters work within a defined flow range, with the 

maximum and minimum flows specified by each manufac-

turer. Large meters will not register low flows when the flow 

rate is lower than the specified minimum. Therefore, utilities 

should conduct customer surveys to understand the nature of 

each customer’s water demand and their likely consumption. 

This information helps to determine the correct meter size for 

households and businesses to determine high and low flow 

profiles. Problems with extremely low flows can occur when a 

storage tank controlled by a ball or float valve, is installed on 

the customer’s premises. These valves operate by slowly clo-

sing as the water level in the tank rises, which has the effect 

of reducing the flow through the meter, often below the mini-

mum flow specification. This problem is compounded even 

further if the size of the storage tank is large in comparison to 

the customer’s consumption because the ball or float valve will 

never fully open, and the flow through the meter will continu-

ally be low. New technology is available to allow the measure-

ment of these low flows to take place.

Using the appropriate class and type of meter

Choosing the appropriate meter helps to ensure the accuracy of 

customer consumption data. Class B meters are a good choice 

where water quality is low, as the sediments will not greatly 

affect the meter. Class D meters are more preferable where roof 

tanks are used and water quality is good, since they have a lower 

minimum flow specification and will measure the roof tank 

inflow more accurately. Class C meters are a suitable compro-

mise in most situations, since they can measure low flows better 

than Class B meters and are not as expensive as Class D meters.
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Common types of meters include positive displacement (PD), 

multi-jet, single-jet, turbine, and electromagnetic. The most 

common type of meter for domestic and small commercial 

installations is the 15 mm and 20 mm PD meter. Single-jet and 

multi-jet meters are more accurate for small commercial and 

industrial installations that require 20 mm to 50 mm sizes. 

Electromagnetic meters are the best choice for sizes 100 mm 

and above.

Maintaining and replacing meters properly

All meters where possible should be installed above ground 

and located where they can be easily audited, by the meter 

readers. The utility should replace the meters systematically, 

beginning with the oldest meters and those in the worst con-

dition. Poor maintenance will not only encourage inaccuracy 

but may shorten the life span of the meter. A scheduled main-

tenance and replacement programme should be in place to 

manage this problem.

Meter servicing is essential, especially in areas of poor 

water quality. The accuracy of mechanical meters changes over 

time as the mechanical bearings wear down, causing friction to 

increase and thus the meters to under-register. These changes 

will occur over a number of years, depending on the quality 

of manufacture. The water utility should regularly test a sam-

ple of its customer meters, including a range of meter brands 

and ages, using a calibrated meter test bench. This testing 

will determine the optimum age at which customer meters 

should be replaced.

Addressing meter tampering

Customers where low income is a problem will try numerous 

ways to reduce the consumption and revenue generated 

through the meter and may insert pins or other objects into 

the meter to disturb its moving parts. Some try to affect the 

readings of metal meters by attaching a strong magnet to it. In 

other cases, customers can boil plastic meters in an attempt to 

melt the internal plastic parts. 

Most reputable meter manufacturers now produce meters 

that are extremely tamper resistant, with non-metallic parts, 

strong clear plastic windows, and impenetrable casings. Alt-

hough these meters may be more expensive, reduced tampe-

ring helps to reduce commercial water losses. For properties 

with older meters that are not as tamper-resistant, utility mana-

gers should conduct customer surveys to assess expected water 

usage according to the number of household occupants or the 

nature of businesses in commercial areas. A comparison of 

expected and actual water use will highlight cases of likely 

meter tampering.

d) Unauthorised consumption

Unauthorised consumption includes illegal connections, 

meter bypassing, illegal use of hydrants and poor billing 

collection systems. The following paragraphs describe com-

mon problems and possible solutions.

Finding and reducing illegal connections

Illegal connections involve the physical installation of a con-

nection to water distribution pipelines without the knowledge 

and approval of the water utility. Illegal connections can occur 

during the installation of a new supply connection, or some-

times the customer’s supply is cut off after non-payment and 

the customer cannot afford, or does not want to pay, to be 

reconnected. 

During customer awareness programmes, customers 

should be encouraged to report illegal connections, and regu-

lations should be in place to penalise the water thieves. Meter 

readers should also report cases of direct connections without 

accompanying meters that they see during their rounds.

Tackling meter bypassing

Some customers try to reduce their water bills by using a meter 

bypass, which is an additional pipe installed around the meter. 

This bypass pipe is often buried and very difficult to detect. 

This type of unauthorised consumption is usually committed 

by industrial and commercial premises, where only a small 

volume of the consumption goes through the meter and the 

rest through the bypass pipe.

Because large customers tend to steal large volumes of 

water, the discrepancy will show up when the utility conducts a 

flow balance analysis. The utility should then undertake custo-
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mer surveys and site visit to conduct tests on commercial pre-

mises to determine where the missing flow occurs.

Preventing illegal use of fire hydrants

Although the only legal use of fire hydrants is for fire fighting, 

some use them illegally to fill tankers (normally at night) or 

to provide water supply to construction sites. The utility staff 

can detect these flows, often high volume over a short period of 

time, through appropriate flow measurements at DMA meters. 

Such high flows are not only incidences of water theft, but 

also a detriment to the pipe network and water quality, which 

affects the service to the customer.

Through customer awareness programs, the utility staff 

should encourage customers to report cases of illegal uses of 

fire hydrants. In addition, the utility manager needs to coo-

perate with relevant local agencies or departments to identify 

owners of tankers suspected of drawing water illegally and 

without proper permission. Developing and enforcing regu-

lations to penalise water thieves together with local agencies 

will also deter unauthorised consumption.

Actively checking the customer billing system

Sometimes connections are made legally, but the billing 

department is not notified of the new connection; therefore, 

the customer is never billed. These unregistered customers 

can be detected during the regular meter reading cycle when 

diligent meter readers find meters that are not in their reading 

book. However, this process may not identify all of the errors 

in the billing system.

Conducting a complete customer survey within each 

DMA, whereby utility representatives visit every property in 

the DMA—whether or not they are recorded in the billing 

system—is the best method of comprehensively identifying 

billing system errors. The survey should include the follow-

ing information: property address, name of owner, and meter 

make and number. The representative should also conduct a 

meter test to ensure that the accurate flow is recorded. For 

metered areas, utilities should focus on large users by encoura-

ging good customer relationships through frequent visits. Che-

cking large customers’ accounts monthly will help detect ano-

malies, which may be due to water theft. In areas of suspected 

high commercial losses, temporary DMAs can be established to 

analyse flows through standard monitoring activities, such as 

step testing and flow balancing, to pinpoint problematic areas.

Avoiding corrupt meter readers

Corrupt meter readers can significantly impact a utility’s 

monthly billed consumption. For instance, the same meter 

reader who walks the same route for an extended period of 

time, thus becoming familiar with the customers and their 

monthly billed consumption, may collude with those custo-

mers to record lower meter readings in exchange for a mone-

tary incentive. To reduce this risk, the utility manager needs 

to rotate meter readers to different routes on a regular basis.

Meter reading errors

Errors can be easily introduced through negligence, aging 

meters with difficult to read dials or corruption during the 

process of reading the meters and billing customers. Incompe-

tent or inexperienced meter readers may read the meter incor-

rectly or make simple errors, such as placing a decimal in the 

wrong place. Dirty dials, faulty meters, and jammed meters 

can also contribute to meter reading errors. The meter rea-

ders should immediately report any observed problems, and 

the maintenance team should take action to remedy the pro-

blem immediately. If remedial action is too slow, meter readers 

may become demoralised and less inclined to report problems. 

Because meter readers are the utility’s frontline in liaising with 

customers, their activities have an immediate impact on cash 

flow. Utility managers should therefore invest in training and 

motivating their meter readers to record and report informa-

tion effectively and efficiently. The manager should also esta-

blish systems and procedures to prevent meter reading errors 

by improving meter reading and billing processes through gre-

ater supervision of meter readers, implementing rotating rea-

ding routes and frequent spot checks.

Data handling and accounting errors

The typical method of data handling and billing requires a 

meter reader to visit each property and read the customer 

meter. The data is recorded by hand in the meter reading book 

or form, taken back to the office, given to the billing depart-

ment, and typed into the billing system. A bill is then printed 

and mailed to the customer. In this scenario, a variety of errors 

may occur at the different stages: the meter reader writes down 

incorrect data; the billing department transfers incorrect data 

into the billing system; or the bill is sent to the wrong address.

A robust billing database is one of the key elements of mini-

mising these errors and should be the initial purchase of any 

water utility striving to improve its revenues. The latest bil-
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ling software has built-in analysis functions that can identify 

potential data handling errors and report them for verification. 

In addition, billing software will report monthly estimate rea-

dings and zero reads, both of which may indicate a problem 

with the customer’s meter. Site visits will help identify meters 

needing replacement.

Training of meter readers promotes diligence, good custo-

mer meter maintenance, and decreased meter reading errors. 

If financially viable, utilities should consider electronic meter-

reading devices, which reduce data handling errors to a mini-

mum since all data transfers to the billing system are done 

electronically.

 KEY MESSAGES

•  For any profitable utility, the water tariff will be hig-

her than the variable production cost  – sometimes 

up to four times higher. Thus, even a small volume 

of commercial loss will have a large financial impact.

•  Commercial losses occur mostly through faulty or 

tampered meters and through errors committed 

during meter reading or processing in the billing 

system.

•  Meters are essential tools for measuring water con-

sumption and should be as accurate as possible.

•  Coordination from the public and relevant local aut-

horities is required to overcome illegal uses of water.

•  Training meter readers, staff, and crews is a continu-

ous process to ensure competent customer service.

•  Investing in high quality meters and a robust billing 

system can result in higher returns.
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Unit 7 

Understanding Physical Losses

a) Definition of physical losses

Water losses occur in all distribution networks, even new 

ones. Physical losses, sometimes called ‘real losses’ or ‘lea-

kage’, includes the total volume of water losses minus commer-

cial losses. However, the water balance process, as described 

in Unit 2 indicates that commercial losses are estimated and 

therefore the resulting leakage volume may be incorrect. Uti-

lity managers must therefore verify the results using compo-

nent analysis (the top-down approach) or physical loss assess-

ment (the bottom-up approach, see Unit 7 on aggregating night 

flows in DMAs).

The three main components of physical losses include:

•  Leakage from transmission and distribution mains

•  Leakage and overflows from the utility’s reservoirs and sto-

rage tanks

•  Leakage on service connections up to the customer’s meter

The leakages from the reservoirs or storage tanks are normally 

visual if regular inspections take place so these are easy to 

rectify. The leaks from underground pipes be it either a water 

main or service pipe are not always visual and can leak for a 

considerable period of time before they are located causing a 

significant water losses. This chapter describes these three 

types of losses and solutions for reducing them.
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b) Physical loss elements

Leakage from transmission and distribution mains

Leakages occurring from transmission  mains are usually 

large events, sometimes catastrophic, causing damage to 

highways and surrounding infrastructure. The majority of 

distribution  bursts are usually not as severe although they 

do cause supply disruptions. Because of their size and visi-

bility of some of these  bursts they are reported quickly 

and  shut off soon afterwards so the volume of water lost 

is reduced. It is the non visual leaks that are the real pro-

blem. These can be either underground and and therefore 

not visible on the surface or running above ground but in 

regions where there is little or no people present to report 

such incidents.

By using data from repair records, utility managers can 

calculate the number of leaks on mains repaired during 

the reporting period (usually 12 months) and estimate an 

average flow rate of the leaks. This gives the total annual 

volume of leakage from mains as follows:

Total annual volume of leakage from mains = Number of 

reported bursts x Average leak flow rate x Average leak duration

If no detailed data are available, utility managers can use 

approximate flow rates from Table 2.

Location of Burst Flow Rate for Reported Bursts  

[l/hour/m pressure]

Flow Rate for Unreported Bursts  

[l/hour/m pressure]

Mains 240 120

Service connection 32 32

Source: IWA Water Loss Task Force

Table 2: Flow rates for reported and unreported bursts

Utility managers can then add estimates for background losses 

and excess losses (current undetected leaks). Background 

losses are individual events (i.e. small leaks and weeping joints) 

that flow at rates too low for detection by an active leak detec-

tion survey. They are finally detected either by chance or after 

they have worsened to the point that an active leak detection 

survey can discover them. Table 3 shows background losses 

from various components of the network with average infra-

structure condition.

Location of Burst Litres Unit of Measure

Mains 9.6 Litres per km of mains per day per metre of pres-

sure

Service connection: mains to property boundary 0.6 Litres per service connection per day per metre of 

pressure

Service connection: property boundary to custo-

mer meter

16.0 Litres per km of service connection per day per 

metre of pressure

Source: IWA Water Loss Task Force

Table 3: Calculating background losses
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Excess losses include the water lost from leaks that are not 

detected and repaired under the current leakage control policy:

Excess Losses = Physical losses from water balance - known 

physical loss components

If this equation results in a negative value for excess losses, 

the assumptions for the physical loss component analysis (e.g. 

values for leak durations) should be rechecked, and if neces-

sary, corrected. If the value is still negative after rechecking 

the assumptions, this indicates that faulty data was used in the 

water balance calculation. For example, utility managers may 

have underestimated system input or overestimated commer-

cial losses), therefore all the components should be checked.

Leakage and overflows from the utility’s reservoirs and 
storage tanks

Leakage and overflows from reservoirs and storage tanks are 

easily quantified. Utility managers should observe overflows 

then estimate the average duration and flow rate of the events. 

Most overflows occur at night when demands are low and the-

refore it is essential to undertake regular nightly observations 

of each reservoir. These observations can be undertaken either 

physical or by installing a data logger which will then record 

reservoir levels automatically at preset intervals. Leakage from 

tanks is calculated using a drop test where the utility closes 

all inflow and outflow valves, measures the rate of water level 

drop, and then calculates the volume of water lost. However, 

repairing these leaks is a major operation, requiring draining 

down the reservoir and planning an alternative supply.

Leakage on service connections up to the customer’s meter

This type of leakage is usually more difficult to detect as it is 

sometimes not visible and leakage surveys have to be com-

pleted to identify these leaks. Due to the infrequent interven-

tion period of the leakage survey programmes, these leaks 

result in the greatest volume of physical losses. Utility mana-

gers should calculate the approximate volume of leakage from 

service connections by deducting the mains leakage and sto-

rage tank leakage from the total volume of physical losses  

.

c) Characteristics of leakages

Having defined where leakage can occur in the transmission 

and distribution network, utility managers should familia-

rise themselves with the different types of leaks and under-

stand the effect of the leak run time, or ALR, on the total 

volume of physical losses.

The type and location (e.g. main or service connection) of a 

burst influences the total run time:

•  Reported bursts — Visible and usually quickly reported 

by the public or observed by water utility staff. They have 

a short awareness time.

•  Unreported bursts — commonly occur underground and 

are not visible at the surface. They are usually discovered 

during leak detection surveys and often have a long awa-

reness time.

•  Background leakage — an accumulation of very small leaks 

that are difficult and not cost effective to detect and repair 

individually.

General conclusions concerning leakage include:

•  Most leaks are invisible

•  The majority of leaks do not come to the surface

•  Managers need to be aware that most leaks are on service 

connections

•  The absence of an active programme to detect invisible 

leaks is an indication of high levels of leakage
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d) Developing a Leakage Management Strategy

The four pillars of a leak management strategy include pres-

sure management, repairs, active leakage control, and asset 

management Figure 8. These factors influence how leakage 

is managed—and therefore the volume and economic value 

of leakage—in any utility’s distribution network.

The large square represents the Current Annual Volume 

of Physical Losses (CAPL), which tends to increase as the dis-

tribution network ages. But the rate of increase can be cons-

trained by an appropriate combination of the four components 

of a successful leakage management strategy. The black box 

represents the Minimum Achievable Annual Physical Losses 

(MAAPL), or the lowest technically achievable volume of phy-

sical losses at the current operating pressure. Introducing or 

strengthening any of the four components will have an effect 

on the potentially recoverable losses.

Pressure  
management

Pipeline  
and assets 

management: 
Selection, 

installation, 
maintenance, 

renewal, 
replacement

Speed and quality  
of repairs

Active leakage  
control

Existing commercial losses

Figure 8 : The four pillars of a successful leakage management strategy

Unavoidable  
annual real losses

Economic level of  
real losses
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e) Active leakage control (ALC)

Active leakage control (ALC) is vital to cost-effective and effi-

cient leakage management. The concept of monitoring flows 

into zones, or district meter areas (DMAs), where bursts and 

leaks are unreported is now an internationally accepted and 

well-established technique to determine where leak location 

activities should be undertaken. The quicker the operator can 

analyse DMA flow data, the quicker bursts or leaks can be loca-

ted. This, together with speedy repair, limits the total volume 

of water lost. The DMA concept, and the associated technology 

and equipment for leakage monitoring, detection, and location, 

is described in detail in Unit under Sectorisation.

There are many points in a distribution network where 

leakages can occur and where they can best be monitored 

(Figure 8). The DMA concept, and the associated techno-

logy and equipment for leakage monitoring, detection, and 

location, is described in detail in Unit 7. 

Figure 9 : A typical distribution network 

(Source: The Manager’s Non-Revenue Water Hand book, A Guide to Understanding Water Losses by Malcom Farlley, Gary 

Wyeth, Zainuddin Bin Md. Ghazali, Arie Istandar and Sher Singh, 2008 Published by Ranhill)

Modern flow metering and data capture technologies play a 

major part in quickly identifying bursts and in estimating 

the gradual accumulation of smaller leaks. Integrating data 

from DMAs via telemetry into their supervisory control and 

data acquisition (SCADA) systems is particularly effective 

when implemented together with an analysis package as it 

can help a utility manager identify DMAs that requiring leak 

location work.
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f) Leak Detection Techniques

There are a vast number of techniques to detect where leakage 

is occurring in the network. All techniques fall into one of 

the LLP principal categories (Localise, Locate, Pinpoint) listed 

below are some approaches that can be used but certainly not 

limited to those items shown below and also this list changes 

as new technology is developed.

•  Sounding Surveys ( Localise)

•  Use of leak noise loggers (Localiser) 

•  Variations of the traditional step test (Localise)

•  Other techniques e.g. thermal imaging ( Localise & Locate)

•  Correlators (Locate)

•  Internal acoustic device  ( Locate & Pinpoint)

•  Electronic Microphones (Pinpoint)

•  Manual Listening device (Pinpoint)

The noise characteristics of a leak have been used for 

many years to locate leaks – listening on valves, hydrants, 

stop taps, or at the ground surface above the line of the pipe.

Utility managers need to ensure a detailed process is 

undertaken to locate leaks:

• Use flow meter data to identify DMAs that contain unre-

ported bursts or an accumulation of leaks

• Narrow down the area of leakage within the DMA

• Pinpoint the exact (or nearly exact) position of the leak.

This process requires reasonable accuracy at each step 

to avoid high excavation costs and ‘dry holes’ (excavations at 

suspected leak points that reveal no obvious leak). The basic 

method of detecting and locating a leak is to listen for the noise 

of the water being released from the pipe under pressure. The 

effectiveness of this activity is dependent on the system pres-

sure, the distance between listening points, the size and shape 

of the leak, the pipe material and the pipe diameter.

For ensuring accuracy the utility now has available a  

wealth of acoustic equipments to pinpoint leaks and bursts, 

including noise loggers, leak noise correlators, ground 

microphones, and sounding sticks. Although these tools 

are extremely helpful for ALC, utility managers must under-

stand the proper applications, training requirements to use 

each piece of equipment successfully  and maintenance 

requirements of each tool to maximise their use.

Localise

Noise loggers: Noise loggers narrow down areas of a DMA that 

contain suspected bursts or number of leaks. The use of Leak 

Noise Loggers for localising leaks has become a popular tech-

nique over the last few years. It is often used as an alternative 

to Step Testing and used as a method to “sweep” a zone for 

possible leaks.

The essential characteristics comprise a set of six or 

more loggers equipped with microphones. The units are 

magnetised and usually installed on adjacent fittings within 

the network (typically valves or hydrants) and are set to 

switch on at a predetermined time. The loggers “listen” and 

record the constant noise being generated by a leak – nor-

mally over a 2 hour time period. Analysis of the readings is 

completed by comparison of sound level and sound spread. 

If there is a consistent anomaly recorded further investiga-

tion for a leak will be required.

Locate

Leak noise correlators: The most sophisticated (and hence 

expensive) of acoustic location instruments, a correlator is 

regularly used as a tool to locate the position of a burst pipe. 

Instead of relying on the noise level of  leak, it uses the velo-

city of sound made by a leak as it travels along the pipe wall 

towards the correlator microphones. It is important to note that 

its application will be dependent on the pressure and level of 

background noise within the network. 

In the ‘classic’ correlation process, two sensors are deplo-

yed on pipe fittings (‘dry connections’ accelerometers) or con-

nected to hydrants (‘’wet connections’ hydrophones). The sen-

sors are then positioned on either side of the suspect leak posi-

tion. Noise is created by the leak as it escapes from the pipe 

under pressure; this noise then travels in both directions away 

from the leak through the pipe wall as minute vibrations and 

through the water as a pressure wave. 

Essentially, the noise travels at a constant velocity (V), 

which depends on the material and diameter of the pipe, and 

arrives first at the sensor nearest to the leak. The arrival time 

at each sensor is then registered. The time difference / time 

delay (Td) between the two arrival times, combined with the 

knowledge of the pipe length and material allows the leak posi-

tion to be calculated by the correlator.
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Correlation Formula

L = D - (V x Td) / 2

L = Leak position (m) (meters)

V = Velocity of sound along pipe (m/ms) (meters per 

millisecond)

D = Length of pipe (m) (meters)

Td = time delay (ms) (milliseconds)

Time delay occurs for the distance D3

Figure 10 : Principle of correlation

Pinpoint

Ground microphones: The ground microphone electronically 

amplifies the sound of a leak. It can be assembled for use in eit-

her contact or survey mode. Contact mode is for sounding on 

fittings, similar to an electronic listening stick. Survey mode is 

for searching for leaks on lengths of pipeline between fittings. 

The technique involves placing the microphone on the ground at 

intervals along the line of the pipe and noting changes in sound 

amplification as the microphone nears the leak position. When 

a leak is detected by the leak noise loggers or leak noise correla-

tor, the utility manager may use either mode to locate the leak.

Sounding Sticks: The sounding stick, or ‘stethoscope’, is an 

inexpensive, simple rod made of wood or metal with an ear 

piece attached to amplify sounds. The leakage engineers use 

it to listen to leak sounds on the surface of the highway or on 

directly exposed pipes and fittings. 

All of the equipments above will not only detect the noise that 

a leak makes but also any other noise in the system, such as a 

pump, tap, air valve, etc. It is therefore important to have a team 

of experienced leakage detection staff who not only can use the 

equipment correctly but have the skills to identify leaks effectively.
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g) Pressure management

Pressure management is one of the fundamental elements of 

a well-developed leakage management strategy. The rate of lea-

kage in water distribution networks is a function of the pres-

sure applied by pumps or by gravity. There is a physical rela-

tionship between leakage flow rate and pressure (Figure 10), 

and the frequency of new bursts is also a function of pressure:

•  The higher or lower the pressure, the higher or lower the 

leakage

•  The relationship is complex, but utility managers should 

initially assume a linear relationship (10% less pressure = 

10% less leakage)

•  Pressure level and pressure cycling strongly influence burst 

frequency

To assess the suitability of pressure management in a parti-

cular system, utilities should first carry out a series of tasks, 

including:

•  Identify potential zones, installation points, and customer 

issues through a desktop study

•  Identify customer types and control limitations through 

demand analysis

•  Gather field measurements of flow and pressure (the lat-

ter usually at inlet, average zone point, and critical node 

points)

•  Model potential benefit using specialized models

•  Identify correct control valves and control devices

•  Model correct control regimes to provide desired results

•  Analyse the costs and benefits

There are a number of methods for reducing pressure in the 

system, including variable speed pump controllers and break 

pressure tanks. However the most common and cost effective 

is the automatic pressure reducing valve or PRV.

PRVs are valves that are installed at strategic points in the 

network to control the water pressure. Under normal circum-

stances a PRV is used to maintain a fixed downstream pressure 

regardless of the upstream pressure or flow-rate fluctuations. 

PRVs are usually sited within a DMA, next to the flow meter. 

The PRV should be positioned downstream of the meter so that 

turbulence from the valve does not affect the meter’s accuracy. 

Speed and quality of repairs

The length of time a leak is allowed to run affects the volume 

of physical losses, so repairs should be completed as soon as 

possible once a leak is detected. Repair quality also has an 

Figure 11 : Pressure/leakage relationship 
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effect on whether the repair is sustained. Key issues to consi-

der when formulating a repair policy include:

•  Efficient organisation and procedures from the initial alert 

through to the repair itself

•  Availability of equipment and materials

•  Sufficient funding

•  Appropriate standards for materials and workmanship

•  Committed management and staff

•  Good quality of service connections—service connections 

are often the ‘weakest link’

Asset management

Asset management is good engineering and business practice, 

and it includes all aspects of utility management and opera-

tions. Good asset management is a necessity for long-term 

economic leakage management, and the objective is to tackle 

leaks in the most cost-effective way. This requires priority set-

ting and decisions on whether to repair, replace, rehabilitate, 

or leave the assets as they are, while simultaneously imple-

menting pressure management and improving the operation 

and maintenance programme. The critical factors of asset 

management are:

•  Understanding how assets are currently performing

•  Collecting data and turning it into useful information for 

planning

•  Good information systems

Particularly relevant to developing an NRW reduction stra-

tegy is the aging of the pipe network and making decisions 

on when to replace or renew the network infrastructure. This 

requires an understanding of the assets’ conditions and dete-

rioration rates. Burst frequency modelling, using data from 

burst records, helps prioritise pipe rehabilitation, renewal, or 

replacement. In addition, active leakage control will identify 

clusters of pipes in the network where bursts and repairs are 

a continuous occurrence.

When these activities do not lead to reduced leakages, uti-

lity managers should undertake a condition assessment pro-

gramme to decide whether to replace pipes or conduct further 

repairs. During the decision process, utility managers should 

ask the following questions:

•  If repairing, replacing, or rehabilitating assets, what mate-

rials should be used?

•  Should pipes be replaced now or later during network 

extensions to address future demand increases?

 KEY MESSAGES

•  Physical losses include leakage on transmission and 

distribution mains; leakage and overflows from sto-

rage tanks; and leakage on service connections up 

to the customer meter.

•  Leakages from transmission and distribution mains 

are usually large events so they are reported quickly 

by the public. They can cause serious damage unless 

they are repaired quickly. Less conspicuous types of 

leakage are more difficult to detect and repair.

•  A successful leakage management strategy requires 

pressure management, active leakage control, pipe-

line and asset management, and speedy and quality 

repairs.
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Unit 8 

Sectorisation - Understanding 
District Meter Areas

Generally NRW management in an open system is undertaken 

in a passive manner where NRW reduction activities are initi-

ated only when the loss becomes visible or is reported. A more 

effective approach is to move towards Active NRW Manage-

ment where dedicated teams are established and sent out to 

look for water losses or other causes of NRW such as reservoir 

overflows and illegal connections.

Active NRW Management is more cost effective when 

using zones to measure the NRW , where the system as a whole 

is divided into a series of smaller sub-systems for which NRW 

can be calculated individually. These smaller sub-systems, 

often referred to as District Meter Areas (DMAs) should be 

hydraulically isolated so that utility managers are able to cal-

culate the volume of water lost within the DMA. When a sup-

ply system is divided into smaller more manageable areas, the 

utility can better target NRW reduction activities, isolate water 

quality problems, and better manage overall system pressure 

to allow for 24/7 water supply throughout the network.

Many water utilities operate their pipe networks as an open system where water is fed from 

more than one Water Treatment Plant (WTP) into an inter-connected pipe network. Water 

from each WTP will mix within the network, which continually affects system pressure 

and water quality. In an open system, NRW can only be calculated for the entire network, 

which is effectively an average level for the entire system. Determining the exact locations 

of NRW occurrence, and where NRW reduction activities should take place, can thus be 

quite a challenge, especially for large networks.
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Dividing the open network into smaller, more manageable 

areas called District Meter Areas (DMAs) enables network ope-

rators to manage the system more effectively in terms of pres-

sure control, water quality, and NRW. This chapter describes 

how utilities should establish DMAs and then use information 

on flow and pressure to better manage NRW. It also discusses 

the benefits of using DMAs to improve water quality and sup-

ply for customers. The creation of DMAs is called Sectorisation.

a) DMA establishment criteria and process

The design of a series of DMAs is very subjective, and it is unli-

kely that two utility engineers working on the same network 

would come up with the same design. The engineer typically 

uses a set of criteria to create a preliminary DMA design that 

must be tested either in the field or using a network model.

These criteria includes:

•  Size of DMA (e.g. number of connections—generally bet-

ween 1,000 and 2,500);

•  Number of valves that must be closed to isolate the DMA – 

should be kept to a minimum – natural boundaries should 

be used where ever possible;

•  Number of flow meters to measure inflows and outflows 

(the fewer meters required, the lower the establishment 

costs and more accurate flow measurement );

•  Ground-level variations and thus pressures within the 

DMA (the flatter the area the more stable the pressures 

and the easier to establish pressure controls);

•  Easily visible topographic features that can serve as bounda-

ries for the DMA, such as rivers, drainage channels, rail-

roads, highways, etc.

To divide a large open system into a series of DMAs, it is essen-

tial to close valves to isolate a certain area and install flow 

meters. This process can affect the system’s pressures, both 

within that particular DMA as well as its surrounding areas. 

The water utility therefore must ensure that the water supply 

to all customers is not compromised in terms of quality, pres-

sure and supply hours.

Using a calibrated hydraulic network model of the supply 

system to simulate possible DMA designs will enable analy-

ses of system pressures and flows without affecting supply 

to customers. However, many water utilities do not have exi-

sting calibrated hydraulic network models. Rather than wait 

for a model to be developed, which can take up to one year or 

more, a water utility should begin establishing DMAs in net-

work areas that can be easily isolated, i.e. areas with a sepa-

rate supply zone.

In establishing a DMA, the water utility should limit the 

number of inflows, which if kept to one meter enables the accu-

rate measurement of water metering into the DMA which also 

helps to reduce the cost of design, setup and installation. To 

achieve this, it is necessary to close one or more boundary val-

ves, which must remain shut permanently to ensure that any 

flow data accurately represents the total inflow for the DMA.

Utility managers will ensure that all pipes into and out of the 

DMA are either closed or metered by performing an isolation 

test or zero pressure test (ZPT)as follows:

•  1. Close all metered inlets.

•  2. Check whether the water pressure within the DMA drops 

to zero, since no water should now be able to enter the area.

If the pressure does not drop to zero, then it is likely that ano-

ther pipe is allowing water into the area and therefore needs 

to be addressed.

If the budget is limited, the water utility should initially esta-

blish larger zones of 5,000 or more connections. It can subse-

quently subdivide them into DMAs and sub-DMAs of 1,000 or 

fewer connections for those DMAs with high NRW and long 

lengths of pipework, as detailed in Figure 12.

For each DMA, utility managers should develop a detailed 

operations manual to assist future teams in managing the 

water supply. The operations manual includes a schematic of 

the pipe network; location drawings of the flow meters, pres-

sure control valves, boundary valves, and a copy of the billing 

database for the DMA. The manual is a working document 

and operational data should be continually updated, including 

information on the following:

•  Flow and pressure graphs

•  Leakage step tests data

•  Leak locations

•  Illegal connection locations

•  Legitimate night flow (LNF) test data

•  Pressure T Factor test data
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Regions, district and zones

Figure 12 : Typical DMA layout 

b) Using DMA results to reduce NRW levels

Once the DMA has been established, it becomes an operational 

tool for monitoring and managing both of the major compon-

ents of NRW, physical and commercial losses. The calculation 

for NRW within a DMA is defined as follows:

DMA NRW = Total DMA Inflow - Total DMA Consumption

After flow meters are installed on all inlets to the DMA, 

the Total DMA Inflow can be measured using the increase in 

the totaliser, or the meter counter measuring the volume of 

water passing through the meter, for the calculation period.

The total DMA Consumption will depend on the custo-

mer meter coverage. If the DMA has a 100% domestic meter 

coverage, meaning all customers within the DMA have a 

meter, then the Total DMA Consumption can be calculated 

through a simple summation of all meter measurements for 

the calculation period.

If 100% domestic meter coverage does not exist within 

the DMA, then the Total DMA Consumption can be esti-

mated by using per capita consumption figures. Initially, a 

survey of all properties within the DMA should be under-

taken; this survey may be limited to counting the number 

of properties and estimating the average number of occu-

pants per property. For a more detailed estimate, surveyors 

will interview all households and ask how many occupants 

live within each property.
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Estimating physical losses

Most DMAs will not contain any reservoirs or trunk mains, 

so these components are not usually considered when analy-

sing physical losses within a DMA. Physical losses within a 

DMA are effectively pipe leaks on the main pipes and customer 

connections. Leakage in the main distribution pipes and ser-

vice connections will leak water over a 24-hour period and the 

volume lost will fluctuate as the pressure increases or decre-

ases during the 24 hours and so, to compensate  for this, the 

losses are calculated over a longer or shorter period of 24hrs 

which is  called the hour/day correction factor.

Because leakage from the main pipes is continuous, 

while customer demand is minimal at night, water opera-

tors should monitor leakage during the night period. Figure 

13 shows the flow pattern into a typical DMA with mainly 

domestic customers.

To estimate the level of leakage in the DMA the opera-

tor needs to calculate the system’s Net Night Flow (NNF) or 

bursts, which is determined by subtracting the Legitimate 

Night Flow (LNF) from the Minimum Night Flow (MNF).

The MNF is the lowest flow into the DMA over a 24-hour 

period, which generally occurs at night when most consu-

mers are inactive. This MNF can be measured directly from 

the data logging device or the flow graph. Although custo-

mer demand is minimal at night, water operators still have 

to account for the small amount of legitimate night flow, i.e. 

the night-time customer demand, such as toilet flushing, 

washing machines, etc.

In a system with 100% metering, LNF is calculated 

by measuring the hourly night flow for all non-domestic 

demand and a portion (e.g. 10%) of domestic meters within 

the DMA. The utility will then estimate the total LNF in 

terms of litres per hour and litres per second.

For systems without 100% customer metering, water 

operators can approximate LNF based on estimated per 

capita night consumption. Utility managers should conduct 

a customer survey of all the properties, both domestic and 

non-domestic, within the DMA, and then determine the 

total number of connections per demand group (domestic, 

industrial, commercial, or others). Based on data from other 

areas with 100% customer metering, the utility can estimate 

a night-time flow rate for each demand group and multiply 

that by the number of connections within the demand group 

to get the total LNF.

To determine the level of Net Night Flow (NNF) or the 

portion of night flow directly attributed to leakage, subtract 

the LNF from the recorded MNF.

NNF = MNF – LNF

Figure 13 : Typical 24-hour DMA flow profile 

(source: SANFLOW user Guide, WRC 1999)

Leakage is proportional to the pressure in the system. Similar 

to water flows into the DMA, the DMA average pressure will 

change over a 24-hour period. Pressure is directly proportio-

nal to flow due to frictional head losses within the system, and 

thus when the DMA has its lowest inflows, the pressure will be 

at its highest (Figure 14). This is because frictional headloss is 

proportional to velocity, so when flows are low, the velocities in 

the pipes are also low and less headloss occurs.

The NNF or leakage calculated for the minimum night 

flow period will therefore not be a true representation of lea-

kage across a 24-hour period. Utility managers must also 

determine a pressure factor, or T Factor, that creates a true 

average 24-hour leakage value when applied to the NNF. 

The T Factor is calculated by using a data logger to record 

pressure over a 24-hour period, and then using those mea-

surements to calculate the average 24-hour pressure. This 

average 24-hour pressure is compared to the system pres-

sure during the minimum night period and a factor applied.
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Figure 14 : DMA flow and pressure relationship over a 

three-day period. 

Source: The Manager’s Non-Revenue Water Hand book, A 

Guide to Understanding Water Losses by Malcom Farlley, 

Gary Wyeth, Zainuddin Bin Md. Ghazali, Arie Istandar and 

Sher Singh, 2008 Published by Ranhill.

Determining commercial losses

The level of NRW within a DMA can be calculated by subtrac-

ting the recorded consumption from the inflow. The previ-

ous section shows how to determine the leakage level or NNF 

within each DMA using the minimum night flow. This section 

discusses how to calculate commercial losses through a simple 

subtraction of leakage from the NRW, as follows:

Commercial loss = NRW – NNF

Once utility managers identify the DMAs with significantly 

high commercial losses, they should investigation for faulty 

meters, tampered meters, and illegal connections. They 

may also conduct a series of customer surveys of each pro-

perty within the DMA to verify the property’s inclusion in 

the billing database, interview the occupants, and assess 

the water meter.
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c) DMA management approach

When a DMA is first established, water utility managers should 

undertake the initial calculations of NRW, NNF, and commer-

cial losses, and identify the main areas of concern. If the DMA 

has high leakage or high commercial losses, then NRW reduc-

tion activities should be implemented.

Once NRW is reduced to an acceptable level, the ope-

rations staff should set up a monitoring regime for DMA 

inflows. In its simplest form, this consists of a monthly rea-

ding of the flow meter totaliser. The installation of a data 

logger to record flows will however reveal more detailed data, 

including the daily NNF, which enables more precise correc-

tions to the system. Eventually, the NNF effectively becomes 

NRW with minimal levels of commercial loss. The daily NNFs 

can be plotted on a graph against time, to monitor DMA NRW 

levels (Figure 15).

Figure 15 shows that the NRW level within the DMA continues 

to increase, and the rate of increase depends on a number of 

issues, including pipe network age and condition, system pres-

sures, and the number of illegal connections and tampered 

meters. For most water utilities, it is inefficient for leakage 

detection and customer survey teams to work in the DMA con-

tinually. The monitoring team should therefore set an inter-

vention limit, or the level at which NRW becomes unaccepta-

ble. Once the intervention limit is reached, the teams should 

be sent in to detect and resolve losses. Generally, once the uti-

lity manager deploys teams into the DMA, they can reduce the 

NRW level within two to four weeks. Afterwards, the mana-

ger should ensure that the NRW level is monitored until the 

intervention level is reached again. This process is the optimal 

management cycle of an established DMA.

Water utilities should maintain a record of the time taken 

for NRW to return to the intervention level. If this time decre-

ases between detection exercises, it indicates that losses within 

the DMA are occurring more frequently and that the system’s 

assets are deteriorating. For such a case, water utility managers 

should consider asset rehabilitation such as pipe rehabilitation, 

relining, or replacement, rather than continual leak detection 

and repair (Figure 16).

Upon completion of asset rehabilitation activities, the level 

of NRW typically decreases due to fewer leaks, especially 

underground or those previously undetected leaks. Monito-

ring teams should also detect a much slower increase in the 

NRW level over time with the much-improved asset condi-

tion, and the intervention level should be re-set to a lower 

level (Figure 16).

Figure 15 : NNF against time 
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Figure 16 : Moving from leak detection and repairs to pipe 

rehabilitation

d) Additional benefits of the DMA

Establishing a series of DMAs not only targets NRW reduction 

but it also improves asset condition and customer service by:

•  Maintaining asset life through pressure management

•  Safeguarding water quality

•  Enabling continuous water supply

•  Improved pressure management

Establishing a DMA and the subsequent reduction in NRW 

will improve the water pressure within the DMA. As leaks are 

repaired, the flows within the DMA will decrease and thus the 

friction headlosses are reduced, which has the effect of incre-

asing DMA system pressures. These increases in pressure 

will become even more pronounced at night when demands 

are low and friction head losses are even lower.

Improved pressure control presents dual benefits of redu-

cing leakages and stabilising system pressures, which incre-

ase asset life. Most pipe bursts occur not because of high 

pressure but rather due to ongoing pressure fluctuations that 

force the pipe to continually expand and contract, resulting 

in stress fractures. Installing a pressure control device, such 

as a pressure reducing valve (PRV), helps to reduce pressure 

throughout the day, stabilise fluctuations, and reduce stress 

on pipes.

By design, PRVs reduce pressure to a set level during 

the day and night-time. A pressure of 30 m is sufficient for 

most customer demand. The pressure in a gravity system 

can however be much higher at night when there is little 

customer demand. To activate a lower pressure at night and 

during periods of low demand, and to further reduce leakage 

levels, water utilities should install a timer device with two set 

levels—one for daytime when customers need water, and the 

second for night-time when demand is low. The night-time 

setting, generally adjusted between 15 m and 20 m pressure, 

is typically lower than the daytime setting.

Safeguarding water quality

Establishing DMAs helps water utilities to prevent water 

quality deterioration in the distribution network. Closing 

a number of boundary valves to isolate each DMA, as per 

standard DMA establishment protocol, reduces the ebb and 
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varying flow of water within the pipe network. As a result, 

sediments accumulated in the bottom of the pipe will be 

disturbed less, thereby reducing water discolouration.

Water utilities benefit from decreased pipe leaks and 

repairs as a result of a more stable system pressure. Utilities 

can better locate pipe leakages that commonly cause infiltra-

tion of dirt and potentially contaminated groundwater into 

the pipes. The need for fewer repairs results in fewer system 

shutdowns, which in turn keeps sediments undisturbed.

Each DMA should include a water sampling point. Regu-

lar sampling and testing will help to identify water quality 

issues and assist asset rehabilitation teams in identifying 

pipes that need replacement or repair.

Providing continuous (24/7) water supply

In some systems, the water supply is not continuously availa-

ble to customers 24 hours a day, so they tend to hoard water 

whenever it is available in case of delays in getting recon-

nected. As a result, they often store more water than is 

required for the period of non-supply. When the water sup-

ply is reconnected, they then discard the old water and hoard 

fresh water once again. Water consumption per capita per day 

is therefore often much higher in intermittent supply systems 

compared to continuous supply systems.

Converting to a 24-hour supply will result in lower 

water consumption and lower demand from the water pro-

duction plant. However, turning the entire network into 

24-hour supply remains a challenge since the process nor-

mally requires five to seven days for the water consumption 

to decrease to normal (or actual use) levels. During this 

period, the demand would be so high that the system pres-

sure would be greatly reduced, causing people to continue 

hoarding water.

DMA principles can be applied to convert from an inter-

mittent to continuous water supply system. First, the water 

utility should consider installing a small number of DMAs 

that gradually feed continuous water supply, leading users 

in those DMAs to adjust to the new system and reduce exces-

sive collection of water. Once consumption stabilises, the 

inflow volume into the DMAs should decrease within the 

five to seven day period. The water utility should then under-

take leak detection activities and customer surveys to reduce 

water losses to an acceptable level, creating spare capacity at 

the production plant. This spare capacity represents additi-

onal water that can be supplied to other areas. Once these 

first DMAs have successfully supplied water continuously 

and effectively reduced water losses, then the next set of 

DMAs can be established for conversion to 24-hour supply.

The additional benefit of having 24-hour supply is that the 

pipe will be constantly pressurised, meaning that infiltration 

from outside the pipe is minimal. This will ensure that the 

quality of the water is kept to a premium and that the custo-

mer receives water of an acceptable quality.

 KEY MESSAGES

•  Dividing the open network into smaller, more mana-

geable DMAs enables utility managers to manage 

the system more effectively in terms of pressure con-

trol, water quality, and NRW.

•  Criteria in establishing DMAs include the size (or 

number of connections); number of valves that must 

be closed; number of flow meters; ground-level vari-

ations; and visible topographic features that can 

serve as DMA boundaries.

•  Utility managers use the minimum night flow 

(MNF) and legitimate night flow (LNF) to calculate 

the net night flow (NNF), along with commercial 

losses, to determine NRW in a DMA

•  Establishing DMAs helps to manage pressure, 

improve water quality, and enable continuous water 

supply.
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Unit 9 

Monitoring Performance of 
NRW Management

NRW is a measure of a utility’s efficiency in terms of both operational performance and 

financial performance. Managers, policymakers, regulatory agencies, and financing institu-

tions use NRW performance indicators (PIs) to rank the utility’s performance against indus-

try standards and other water utilities. This chapter reviews common performance indica-

tors for physical and commercial losses and briefly describes monitoring programmes.

a) Characteristics of performance indicators

Performance indicators help a utility:

•   Better understand water losses

•   Define and set targets for improvement

•   Measure and compare performance

•   Develop standards

•   Monitor compliance

•   Prioritise investments

A good NRW PI should be clear and easy to understand and have 

a rational basis. It should also be easy to calculate using data 

that the utility gathers regularly. Finally, utilities should include 

standard performance indicators to measure performance to 

facilitate comparisons with other utilities. Tools such as deci-

sion trees are available for managers to select appropriate perfor-

mance indicators for their utility’s needs and operating context.
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Figure 17 : Decision tree to select performance indicators 

Utility managers can use Figure 17 to help choose PIs for 

their network. For example, in an urban network, where the 

housing density is usually greater than 20 connections per 

kilometre of mains, the most appropriate PI would be litres/

service connection/day and if the density of connections is 

less than 20 the m3 per km of mains per day should be used. 

To take account of networks with varying pressures, the utility 

can enhance the PI by expressing losses in litres per connec-

tion per day per metre of pressure (l/conn/day/m).

b) Performance indicators for physical losses

Expressing NRW as a percentage

NRW has traditionally been expressed as a percentage of input 

volume. Although this is preferable to setting no targets at all, it 

is misleading as a PI because it favours utilities with high con-

sumption, low pressure, and intermittent supply. In addition, it 

does not differentiate between physical losses and commercial 

losses. Nevertheless, NRW as a percentage of input is some-

times useful for its ‘shock value’—a high result can be a spur 

a utility to initiate a study of the network’s operational perfor-

mance and to conduct a water balance calculation. It is also use-

ful as a measure of the utility’s year-on-year financial perfor-

mance, as long as the measurement principles are consistent.

In that case, it should be expressed as the value, not the volume, 

of water lost.

Appropriate indicators of physical losses include:

•  Litres per service connection per day (l/c/d)

•  Litres per service connection per day per metre of pressure 

(l/c/d/m pressure)

•  Litres per kilometre of pipeline per day (l/km/d)
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Recommended Performance Indicators for Physical Loss 
and NRW

Table 4 shows the Infrastructure Leakage Index (ILI) and other 

recommended NRW and physical loss performance indicators 

based on the IWA’s Performance Indicators for Water Supply 

Services: IWA Manual of Best Practice.  L/c/d gives a more 

accurate picture than NRW as a percentage of input volume, 

but taking system pressure into account (l/c/d/m pressure) is 

an even better indicator. The PIs categorized by function and 

level, are defined as follows:

• Level 1 (basic): Is a first layer of indicators that provides a 

general management overview of the efficiency and effec-

tiveness of the water undertaking.

• Level 2 (intermediate): Additional indicators that provide 

a better insight than the Level 1 indicators; for users who 

need to go further in depth.

• Level 3 (detailed): Indicators that provide the greatest 

amount of specific detail, but are still relevant at the top 

management level.

Table 4: Recommended indicators for physical losses and NRW

Function Level Performance Indicator Comments

Financial:

NRW by Volume

1

(Basic)

Volume of NRW

[% of System Input Volume]

Can be calculated from simple water balance 

not too meaningful

Operational:

Physical Losses

1

(Basic)

[Litres/service connection/day

or

Best of the simple ‘traditional’ performance 

indicators, useful for target

setting, limited use for comparisons between 

systems
[Litres/km of mains/day]

(only if service connection

density is < 20/km)

Operational:

Physical Losses

2

(Intermed.)

[Litres/service connection/day/m

pressure]

or

Easy to calculate indicator if the ILI is not 

known yet, useful for comparisons between 

systems

[Litres/km of mains/day/m pressure]

[only if service connection density

is < 20/km)

Financial:

NRW by cost

3

(Detailed)

Value of NRW

[% of annual cost of running system]

Allows different unit costs for NRW compo-

nent, good financial indicator

Operational:

Physical Losses

3

(Detailed)

Infrastructure Leakage Index (ILI) Ratio of current annual Physical losses to 

unavoidable annual real losses, most power-

ful indictor for comparisons between systems

Source : Alegre H., Hirner W., Baptista J.M. and Parena R. (2000) Performance Indicators for Water Supply Services: IWA 

Manual of Best Practice. ISBN 900222272
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The Infrastructure Leakage Index (ILI)

The Infrastructure Leakage Index (ILI) is an excellent indica-

tor of physical losses, one that takes into account how the net-

work is managed. The IWA, which developed the index, and 

the American Water Works Association (AWWA) Water Loss 

Control Committee both recommend this indicator.

The ILI is particularly useful in networks where NRW is 

relatively low, for example below 20%, as the ILI can help to 

identify which areas can be reduced further.

The ILI is a measure of how well a distribution network is 

managed (i.e. maintained, repaired, and rehabilitated) for the 

control of physical losses, at the current operating pressure. It is 

the ratio of Current Annual Volume of Physical Losses (CAPL) 

to Minimum Achievable Annual Physical Losses (MAPL).

ILI = CAPL/MAAPL

Being a ratio, the ILI has no units and thus facilitates com-

parisons between utilities and countries that use different 

measurement units. The complex initial components of the 

MAAPL formula have been converted to a format using a pre-

defined pressure for practical use:

MAAPL (litres/day) = (18 x Lm + 0.8 x Nc + 25 x Lp) x P

Where Lm = mains length (km); Nc = number of service con-

nections; Lp = total length of private pipe, property boundary 

to customer meter (km); and P = average pressure (m).

Figure 18 illustrates the ILI concept with the factors that influ-

ence leakage management. The large square represents the 

CAPL, which tends to increase as the distribution networks 

grow older. This increase, however, can be constrained by a 

successful leakage management policy. The black box repre-

sents the MAAPL, or the lowest technically achievable volume 

of physical losses at the current operating pressure.

The ratio of the CAPL to MAAPL, or the ILI, is a mea-

sure of how well the utility implements the three infrastruc-

ture management functions—repairs, pipelines and asset 

management, and active leakage control. Although a well-

managed system can have an ILI of 1.0 (CAPL = MAAPL), 

the utility may not necessarily aim for this target, since the 

ILI is a purely technical performance indicator and does not 

take economic considerations into account.

Calculating the ILI

•  Step 1. Calculate the MAAPL

•  Step 2. Calculate the CAPL (e.g. from the Water Balance)

•  Step 3. Calculate the ILI (CAPL/MAAPL)

•  Step 4. Adjust for intermittent supply (divide MAAPL by 

the average number of supply hours per day)

•  Step 5. Compare ILI with physical loss target matrix 

Table 5: The physical loss target matrix shows the expected 

level of ILI and physical losses in l/c/day from utilities in coun-

tries at differing levels of network pressure.  It should be noted 

Pipeline  
and assets 

management: 
Selection, 

installation, 
maintenance, 

renewal, 
replacement

Speed and quality  
of repairs

Active leakage  
control

Current volume of 
physical losses

Figure 18 : The ILI Concept 

Minimum achievable 
physical losses

Economic level of  
physical losses
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that this is a very subjective assessment and the indicators are 

provided as a rough guide and should not be taken as strict 

limits.  In many parts of Africa and Asia , very high ILI values 

are often experienced and the limits given in Table 5 tend to 

become meaningless.  The main purpose of the ILI indicator 

is to help identify areas where leakage/losses are abnormally 

high to ensure that action is taken in the most appropriate 

areas.  Once the ILI value is above 10 or 20 for example, it is 

clear that the area being investigated requires attention.  In 

some cases, values in excess of 100 are experienced and once 

again this simply highlights that there is a severe problem that 

should be addressed.

Utility managers can use the matrix to guide further network 

development and improvement:

•  Category A — Good. Further loss reduction may be uneco-

nomic and careful analysis needed to identify cost-effective 

improvements.

•  Category B — Potential for marked improvements. Con-

sider pressure management, better active leakage control, 

and better maintenance.

•  Category C — Poor. Tolerable only if water is plentiful and 

cheap, and even then intensify NRW reduction efforts.

•  Category D — Bad. The utility is using resources ineffici-

ently and NRW reduction programmes are imperative.

Table 5: Physical loss target matrix

Technical

Performance

Category

ILI Physical Losses [litres/connection/day]

(when the system is pressured) at an average pressure of:

10m 20 30 40 50

D
ev

el
op

ed
 

C
ou

n
tr

ie
s

A 1 – 2 < 50 < 75 < 100 < 125

B 2 – 4 50 – 100 75 - 150 100 - 200 125 – 250

C 4 – 8 100 – 200 150 - 300 200 - 400 250 – 500

D > 8 > 200 > 300 > 400 > 500

D
ev

el
op

in
g 

C
ou

n
tr

ie
s

A 1 – 2 < 50 < 100 < 150 < 200 < 250

B 2 – 4 50 – 100 100 – 200 150 – 300 200 – 400 250 – 500

C 4 – 8 100 – 200 200 – 400 300 – 600 400 – 800 500 – 1000

D > 8 > 200 > 400 > 600 > 800 > 1000

Source: World Bank Institute

c) Performance indicators for commercial losses

The IWA Water Loss Task Force is also developing a performance 

indicator for commercial losses similar to the ILI. The indica-

tor uses a base value of 5% of water sales as a reference, and the 

actual commercial loss value is calculated against this bench-

mark. This is the Apparent (Commercial) Loss Index (ALI).

Apparent Loss Index (ALI) = Apparent loss value ÷ 5% of water sales

A commonly used indicator that expresses commercial losses 

as a percentage of water supplied is misleading because it does 

not reflect the true value of lost revenue. Currently, the best 

indicator is to measure commercial losses as a percentage of 

authorised consumption.
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d) Implementing a monitoring programme

A water utility embarking on the implementation of an NRW 

strategy needs to monitor its progress using some or all of 

the indicators detailed above. Since it is a utility-wide under-

taking, an independent team should be established to audit 

progress. This NRW audit team should not be responsible 

for any physical activities to reduce NRW, but should be 

dedicated to auditing all of the departments involved with 

NRW strategy activities.

The implementation of the NRW strategy is a long-term 

process, often requiring four to seven years to complete. 

During this time, staff changes will occur, and the NRW 

audit team should train all incoming staff on the NRW stra-

tegy and its importance to the company.

The NRW audit team should also establish yearly targets for each 

department using one or more of the indicators, and monitor 

progress on a monthly progress. The number and type of indi-

cators depends on the department and its activities. For exam-

ple, the Network Department may be responsible for leakage 

detection and repair; in this case, the physical loss indicators of 

litres/connections/day and litres/connections/km can be used.

A monthly NRW strategy progress meeting should 

include representatives from all departments, with discus-

sions on progress and hindrances. A senior member of the 

management team should chair the meeting, to stress the 

importance of the NRW strategy implementation. The head 

of the NRW audit team will support the chair by providing 

technical details and progress reports.

 KEY MESSAGES

•  Utility managers use performance indicators to 

measure progress in reducing NRW, develop stan-

dards, and prioritise investments.

•  The best performance indicator for physical losses 

is the Infrastructure Leakage Index (ILI).

•  Currently, the best commercial loss indicator is to 

measure it as a percentage of authorised consump-

tion.

•  Utility managers must establish an independent 

NRW audit team to monitor progress in the NRW 

strategy implementation.

•  Performance targets should be set on a yearly basis 

with progress monitored and reported monthly.
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Case Studies: Developing and 
Implementing NRW Plans, Zambia

a) Strategy of Implementation at the National Scale

Summary of steps followed for Implementing IWA 
standards for NRW Reduction

•  Sensitization through Africa-wide regional work-

shops and International Water Loss Conferences.

•  Staged Country level of implementation starting 

with a National Awareness workshop for Senior 

Decision makers in Utilities, the Regulator and 

Government and then proceeding to implement at 

Utility level.

•  IWA methods of establishing NRW Teams at utility 

level to develop and implement NRW Plans

•  Integration of NRW Plans into Strategic Plans and 

Budgets and approval by respective Boards.

•  Follow up support to Utilities in adoption and 

implementation of planned interventions in the 

NRW Plans

•  Partnership approach made the results a reality:

–  InWEnt/ WAVE Pool (WASAZA as partner) sup-

ported development of NRW Plans and Imple-

mentation

–  GTZ supported the Regulation By Incentive 

Scheme for motivation of staff and

–  The Devolution Trust Fund (DTF) provided 

funds to install meters made the results a reality.
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Sensitization

Sensitization was done through the Africa-wide workshops on 

NRW with senior staff organised by the World Bank Institute, 

AfWA and InWEnt and the 2009 IWA Global Conference on 

Water Loss in Cape Town.

First stage for NRW Plans

National NRW awareness workshops were held in 2009 

with Senior decision makers from utilities, the regulator and 

Government to introduce and gain understanding of the NRW 

Concepts and its application. This was important as it facili-

tated acceptance and support of the next stage of developing 

and implementing NRW Plans at Utility level. This process 

was guided by IWA Water Loss Task Force specialists from 

the region.

National Workshop for Managing Directors and their 

Directors are shown in picture below. All senior management 

from the Utilities attended the workshop.

Second stage for NRW Plans

NRW-plans were then to be done for two selected pilot water 

utilities, Kafubu and Northwestern Water and Sewerage Com-

panies. The process of developing and implementing NRW 

Plans was guided by IWA Water Loss Task Force specialists 

from the region.

Kafubu Water was utility that had not received any finan-

cial assistance before this project, whereas Northwestern Water 

had. These two utilities had different challenges as outline in 

the respective case studies that follow.

Project Objectives

•  Evaluate each water supply system in terms of operational 

performance and identify main water loss contributing 

factors based on IWA water balance and key performance 

indicators, 

•  Develop recommendations on possible WC/WDM inter-

ventions for each system with costs implications and poten-

tial benefit to reduce these losses, and 

•  Prioritise interventions with time scales to provide a short, 

medium and long term WC/WDM project implementation 

plan

Project Organisation

•  Each Water Utility established a NRW Team. 

•  The NRW Team with the International Experts of Water 

Loss Task Force prepared the draft plan document for Deve-

loping and Implementing a NRW plan.

The draft NRW Plans were further discussed by the Manage-

ment and incorporated into the Strategic Plans, Budgets and 

approved by their respective Boards.

Follow up

Follow up activities were conducted in two forms consisting of 

field visits and on the InWEnt Shared workspace. During field 

visits, interaction with the NRW Team and top management to 

provide encouragements and support were done. The InWEnt 

Shared workspace is an internet platform on which individuals 

and/ or teams with provided username and password can meet 

on an agreed time. Participants on this platform do not need 

to travel. All that is needed is an internet facility in the regio-

nal or place. On this platform, the NRW teams from Kafubu 

and Northwestern Water about 271km apart in Zambia and the 

IWA Water Loss Task force specialists, one in South Africa and 

the other in the United Kingdom met; the NRW Teams were 

presenting progress updates for discussion and the IWA spe-

cialists provided technical support and guidance whenever it 

was required. This InWEnt Shared work space also provided an 

additional opportunity for NRW Teams to share experiences in 

implementing NRW. Example, Kafubu Water requested to be 

linked with an organization in similar region where metering 

and billing management has been successfully done.

Utilities report their progress update on the InWEnt Shared 

work using Activity Plans developed from prioritized interven-

tions. These prioritized interventions were incorporated into 

business/ strategic plans and budgets. Figure a.2 show activity 

plan developed by Kafubu Water with progress update for the 

first three months. This Activity plan with progress update is 

then sent to all participants on the InWent Shared workspace 

for discussion.
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Figure a.2: Example activity plan and filled in progress update done by Kafubu Water and Sewerage Company from October to 

December 2009 when improvement measures were implemented. % indicated % completion for each month. 

Item 

No Activity

2009 2010

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

             

A

Immediate Interventions 

Integration into Strategic 

Plans, Budgets and RBI

           

Done

1

Seek funding  to imple-

ment short, medium and 

long term interventions;
40% 50%

2

Instal lat ion of Bulk 

Meters on all Water pro-

duction facilities, includ-

ing reservoirs

40% 50% 80%

3

Carry out an inspection  

of all storage infrastruc-

ture to ascertain level of 

losses and scope of repair 

works required

0%

4

Install 4000 meters in 

Lubuto township, low 

cost area in Ndola to 

reduce water wastage

75% 90% 100%

5

Perform proper analy-

sis of distribution net-

work and obtain accurate 

water production & water 

loss data

20% 40% 50%

6

Investigate and imple-

ment an effective meter-

ing and billing manage-

ment system

0% 15% 25%

Outcomes

The outcomes were:

•  Utilities are implementing the NRW interventions

•  NRW Plans are part of Strategic Plans and Budgets, inclu-

ding the “Regulation by Incentive scheme”

•  At national level, the Regulator has taken up the concept of 

NRW as a key strategy to enhance utility operational per-

formance

•  Noticeable immediate improvements have been recorded 

were recored in Kafubu Water, case study 1 below.

•  NRW initiatives is part of the existing National Capacity 

Building
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b) Case Study: Kafubu Water and Sewerage Company Ltd, Zambia 2009

1  Introduction 

Kafubu Water and Sewage Company was established as a Com-

mercial Water Supply and Sanitation Utility Company in July 

2000 as a joint venture by three local authorities, namely: the 

City of Ndola, the Municipality of Luashya and Masaiti District 

in accordance with the Water Supply and Sanitation Act No. 

28 of 1997 of the Laws of Zambia. The company now operates 

the towns of Ndola, Luanshya and Masaiti.

The NWASCO report on Urban and Peri-Urban water sup-

ply and Sanitation Sector Report (2007/2008) shows non-reve-

nue water for Kafubu Water and Sanitation Company (KWSC) 

at 48% and showed an urgent need for the implementation of 

a large scale water conservation and water demand manage-

ment (WC/WDM) programme to ensure continuous supply 

and prevent major network upgrades to supply in the demand. 

Unlike, other established commercial utilities in Zambia, 

Kafubu Water had not had any funding support for impro-

ving service delivery including operations and maintenance, 

repairs and replacements.

2  Project background

 WAVE Zambia, through its partner institutions the Natio-

nal Water Supply and Sanitation Council (NWASCO), the 

Water and Sanitation Association of Zambia (WASAZA) and 

the Zambia Water Supply and Sanitation Utilities Association 

(ZWSUA) agreed in December 2008 to conduct a capacity buil-

ding programme on Non Revenue Water (NRW) reduction in 

Zambia.

The project intended to promote and implement the internati-

onally agreed standards to reduce water losses in urban water 

supply systems by the application of standards that were deve-

loped by the International Water Association (IWA) and its 

Water Loss Task Force (WLTF).  The reference material, pro-

cedures and tools of the WLTF were used and adapted to the 

situation in Zambia.

3  Project objectives 

The project objectives were:

•  Evaluation of each water supply system in terms of operatio-

nal performance and identify main water loss contributing 

factors based on IWA water balance and key performance 

indicators, 

•  Development of  recommendations on possible WC/WDM 

interventions for each system with costs implications and 

potential benefit to reduce these losses, and 

•  Prioritise interventions with time scales to provide a short, 

medium and long term WC/WDM project implementation 

plan

4  Study area and key characteristics

Background information for the three towns are summarized 

in Tables b.1 and b.2.

Key Elements of implementation

•  Establishing NRW Team consisting of staff from the 

technical, commercial and financial departments.

•  Establishing the Water Balance with its components 

to enable knowing what is happening and where 

water is going. 

•  Based on the Water Balance, development of NRW 

strategy through Intervention Planning; this can be 

long, hence prioritization

•  Prioritization of Interventions

•  Activity Planning

•  Results and benefits of implementing NRW 

plans in a pilot area; previously not metered with 

leaking fittings and unsatisfactory service. Here 

it can be seen how 100% metering and fixing 

leaks results in improved service delivery, incre-

ased revenue collection, increased paying custo-

mers and so on.
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Table b.1: summary of key characteristics of Kafubu Water and Sewerage Water Supply situation

Settlement
Number of 
connections

Estimated population @ 
7 people / connection

Input volume 
m3/annum

l/c/d
m3/ connection/

month

Ndola 29 387 205 709 48 801 000 650 138 

Luanshya 18 409 128 863 15 393 000 327 70 

Masaiti 342 2 394 531 000 608 129 

Total / average 48 138 336 966 64 725 000 526 112 

Table b.2: summary of Water Treatment Works (WTW) and Waste Water Treatment Works (WWTW)

Water Treatment Plant Waste Water Treatment Plant

Location Design m3/day Actual m3/day % Design m3/day Actual m3/day %

Ndola 208 000 133 700 64% 54 100 61 000 113%

Luanshya 81 346 42 173 52% 26 627 13 653 51%

Masaiti 1 760 1 456 83%

Total 291 106 177 329 61% 80 727 74 653 92%

Main activities in the area are mining and agriculture and all 

consumers are supplied with potable water with 60% supplied 

with water bourne sanitation.

The area is supplied from nine water treatment works (WTW) 

with a total capacity of 291 106 m3/day and nine waste water 

treatment works (WWTW) with a total capacity of 80 727m3/

day.  The WTW’s are operating at 61% of their design capacity 

whereas the WWTW’s are operating at 92% of total capacity.  

It should be noted that all the WWTW’s in Ndola are opera-

ting at 113% if Old Lubuto is included in the capacity or 192% 

if it is excluded.  Ndola has a serious sewerage problem con-

sidering that only 46% of the input volume returns through 

the sewerage system but the WWTW’s are already operating 

at double their capacity.

Luanshya has sufficient WTW and WWTW capacity but only 

32% of the input volume return through the sewerage system.  

In most systems the return flow is 60-70% of the input volume 

which indicates excessive garden watering or the return flow 

never reaches the WWTW and is discharged somewhere else.

5  Challenges Encountered

The main water loss contributing factors have been identified 

and are discussed in the following sections.

5.1 Non-revenue water
A standard IWA water balance developed for the whole area is 

shown in Figure b.1.

Based on the standard IWA water balance conducted, the 

non-revenue water in the system is 33.75million m3/annum 

or 53% of the system input volume.  The high physical losses 

are because of the uncontrolled water use in the low cost areas 

and visible leaks.
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Figure b.1: KWSC Standard IWA water balance

5.2 Uncontrolled water usage
Excessive water usage is experienced in the low income areas 

are mainly due to the uncontrolled (continuous) water use.  

This is as a result of vandalized / stolen taps.

5.3 Visible leakage
There were several visible leaks observed.  Some of these leaks 

are at the water treatment works and due to lack of general 

maintenance.

Figure b.2: Examples of uncontrolled leakage (no taps from old dilapidated fittings

5.4 Unmetered connections
Only 30% of the consumers are metered. Mainly the non-

domestic and high income consumers are metered.  The remai-

ning consumers are billed on flat rate consumption.
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5.5 Concrete Pipe supply mains
The concrete pipe supply main from Nakaputa reservoirs is a 

major source of leakage.  The joints on this line are leaking 

severely and are difficult and costly to repair.

The pictures show in clockwise from to left; residents getting 

water from the leaking concrete pipe, an old leak with dirty 

thrown in risking contamination of water supplies, unused 

concrete pipes that cannot be laid due to technical issues rela-

ted to weight and jointing and a recently temporarily repaired 

concrete pipe by applying jointing material.

5.6 Lack of accurate information
There is limited accurate information available on the sup-

ply system.  The system input volume is based on the perfor-

mance curves of the pumps.  The metered and billed data is 

quite accurate.

Figure b.3: Examples of leaks, repairs and unused concrete pipe

5.7 High average consumption
The average litres / capita / day of 526 l/c/d and 112 m3/connec-

tion/month is very high compared to international standards 

and the level of service provided. A more acceptable consump-

tion would be 30-40 m3/connection/month for high income 

areas and 10-20m3/connection/month for low income areas.  

5.8 Flat rate billing
The current flat rate billing system is not in line with the actual 

consumption.

Inefficient use and wastage

Consumers are not water wise and excessive watering of gar-

dens and subsistence farming is evident.
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Figure b.4: Examples of garden and subsistence farming
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Intervention Planning
Introduction

Based on the previous sections it is clear that Water Conser-

vation and Water Demand Management (WCWDM) must be 

implemented as a priority.  There are various technical, social, 

institutional, managerial, legislative and financial intervention 

required for a successful WCWDM project.  In the following 

section, the various interventions are discussed in terms of 

what is the current status, actions required, priority and bud-

get requirements.

(a) Technical interventions

Bulk metering
Status quo Actions Priority Constraints / Risks

There are no existing bulk 

meters installed or operational.  

Process of installing eight bulk 

meters.

• Install meters at all water treatment works inlets and 

outlets.

• Install meters on all reservoir / tower outlets to mea-

sure quantities of water entering the systems and to 

measure the minimum night flows. 

• Install meters on all inlets of WWTW to measure the 

sewage flows.The relationship between the potable 

and sewage flows provides an indication of the con-

dition of the internal plumbing. 

• Implement a bulk meter repair programme whereby 

broken meters can be repaired within 7 days.

High • Budgets

• Potential tech-

nical difficulties 

with big installa-

tions

Sectorisation
Status quo Actions Priority Constraints / Risks

The area is managed as one 

zone and there are no formal 

district metered areas (DMAs).

• Identify potential zone and district areas

• Perform discreteness test through pressure drop test 

and or logging.

• Identify, service and mark all boundary valves.

• Once a zone is discrete, it could sectorised further into 

smaller districts if required.

• Check zone valves on a monthly basis to ensure zone 

discreteness.

• Boundary valves should only be opened in the case of 

an emergency.

Medium • Pressure 

problems

• Maintai-

ning zone 

boundaries
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Active leakage control
Status quo Actions Priority Constraints / Risks

Very minimal level of active leak 

detection is practiced, except 

walking of lines.  No use of 

equipment/instrumentation is 

involved.

• Inspect for repair all meters, control valves, isolating 

valves, hydrants, air valves and visible leaks.  This 

exercise should be restricted to only visual inspec-

tion and sounding. 

• Leaks have been identified, they should be repaired, 

quickly and effectively.

• Develop an ongoing and strategic programme.

High • Lack of com-

mitment from 

o p e r a t i o n a l 

staff

Equipment
Status quo Actions Priority Constraints / Risks

With the exception of a porta-

ble ultrasonic f low meter, an 

insertion f low meter and two 

pressure clocks and gauges, no 

instruments are available. For 

one or two instruments availa-

ble, they are either not operatio-

nal or there is no capacity to ope-

rate them.

• Procure logging equipment to include approximately 

10 dual channel (pressure and flow) loggers complete 

with pressure transducers, pulsers, heli-coils, soft-

ware and cables.

• Training should be in the use of this equipment and 

logging should be undertaken on a continuous basis.

High • Training and 

maintaining of 

skilled staff

Telemetry
Status quo Actions Priority Constraints / Risks

There is no operational telemetry 

or SCADA system. This result in 

reservoirs overflowing, manual 

operation of pumps, 

• Reinstate / replace telemetry systems at WTW, 

WWTW and reservoir sites.

• Continuously monitor results to ensure optimum 

performance. 

• Data from telemetry system could be used in water 

balance calculations, 

Medium • Communica-

tion network

• Maintaining 

installations

• Va n d a l i s m 

and theft

Retrofit and Removal of wasteful devices
Status quo Actions Priority Constraints / Risks

No retrof itting of wasteful 

devices in customer premises 

from own resources. Premises 

are inspected for all possible 

water waste points and advise 

customer to work on them. 

Where resources are provided 

Government institution are assi-

sted to retrofit wasteful devices. 

• Identify government buildings with excessive 

demand;

• Audit buildings and identify 

• Undertake retrofitting of internal plumbing

• Implement continuous retrofitting programme

Medium • Theft of 

retrofitted 

installations

• Lack of 

ownership
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Mains replacement programme
Status quo Actions Priority Constraints / Risks

There is no formal main replace-

ment programme.

• Obtain specialist input on the possible rehabilitation 

of the problem concrete pipelines. Investigation reli-

ning, slip-lining or replacement.

• Obtain funding to rehabilitate the problem pipelines

• Fix existing leaks as a priority

High • Budget

• Interim sup-

ply while 

refurbishing

Pressure management
Status quo Actions Priority Constraints / Risks

There is no pressure manage-

ment programme in place.

• Pressure logging should be carried out to assess the 

potential for pressure management.

• Pressure management as alternative to providing 

intermittent supply should also be investigated.

• Construct pressure management installations in 

identified areas. The installations should provide for 

a meter, strainer, PRV, isolating valves and bypass all 

housed in a secure chamber.

• Install pressure controllers with integral logger on all 

PRV installations to reduce pressures during off-peak 

periods and continuous logging of the installations 

will provide management and control of all zones on 

a 24-hour basis.

Medium • Maintenance

• Pressure pro-

blems with 

commissio -

ning

Control valve management
Status quo Actions Priority Constraints / Risks

There is no proactive control 

valve management programme 

in place. Malfunctioning control 

valve could result in overflowing 

reservoirs, pressure surges from 

pumps, excessive pressures and 

poor performance of the system.

• All control valves should be identified, serviced and 

set to required specifications.

• Implement a service contract for existing pressure 

reducing, level control, altitude control, pump control 

or any other control valves. 

• Log upstream and downstream pressures on quarterly 

basis to check performance.

• Provide training in the operation and maintenance 

of control valves. 

Medium • Maintenance

• Lack of 

skilled staff
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Consumer metering
Status quo Actions Priority Constraints / Risks

There is an aggressive consu-

mer metering programme cur-

rently going on. The utility has 

increased its metering ratio 

in the last two years from 8 to 

28%.  Metering is critical ito 

reducing losses

• Confirm consumer metering programme complete 

with prioritised areas and budgets

• Identify and install consumer meters on all un-

metered properties.

• Install bulk meters on all fire connections.

• Implement a consumer meter replacement pro-

gramme whereby approximately 5-10% of all the 

meters are replaced annually with an expected life 

time of 10-15years.

Medium • Operations 

and main-

tenance of 

new meters. 

Require 

manage-

ment 

systems

• Consumer 

resistance

Top consumer audits and retrofitting

Status quo Actions Priority
Constraints/ 

Risks

Most top consumer are metered 

and billed.  A list of top consu-

mers is available.

• Identify all consumers using in excess of 500kl/

month

• Audit each consumer for meter accuracy, water theft, 

meter reading and billing.

• Billing quantities should be audited on a monthly 

basis and scrutinised for changes in demand.

Medium • Potentially 

huge cost

• Drop in  

consump-

tion and 

income

(b) Social interventions

Consumer awareness campaigns

Status quo Actions Priority
Constraints/ 

Risks

Consumer awareness campaigns 

are regularly carried out through 

the public relations and customer 

service offices. Consumers are 

usually informed of new develop-

ment through brochures which 

are issued at annual events such 

as the International Trade Fair. 

Campaigns are also conducted 

through news bulletins which 

are produced every six months.  

Other information such as wise 

water use habits is usually com-

municated as part of the bill on 

a monthly basis.

• Education programmes at schools, businesses, uni-

versities and communities.

• Identify needs, concerns and possible remedial actions 

through meetings, workshops, questionnaires, etc.

• Identify possible solutions for needs and concerns as 

part of other water demand management interven-

tions.

Medium
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Customer report and support centre

Status quo Actions Priority
Constraints/ 

Risks

The customer care desk recei-

ves complaints from customers 

and refers them to appropriate 

officers for resolution.  There is 

currently no ‘toll free number’ 

system in place.

• Review existing customer support centre to provide 

single point of contact; available for 24 hours - 365 days 

a year; positive commitment to service from staff; user 

friendly interaction process; comprehensive coverage 

of service area; prompt reaction to complaints; high 

quality of service; and monitor system to track process 

for both Management and Customer 

• Setup after hour support and toll free number

• Promote use of the customer service centre through 

community awareness campaigns and promotions

• Monitor response times, quality control and customer 

satisfaction on an ongoing basis and identify corrective 

measures

Medium • No custo-

mer sup-

port

Efficient use

Status quo Actions Priority
Constraints/ 

Risks

There is no formal promotion 

for alternative use of rain water 

harvesting, grey water use, etc. 

However some level of water 

use efficiency and conservation 

programme is in place through 

customer complaints handling, 

e.g distribution of brochures 

with tips on water wise habits, 

deliberate visit to customer 

premises with high water con-

sumption.

• Encourage practices such as removal of wasteful 

devices, grey water use (if acceptable under local by-

laws), rainwater harvesting and water wise gardening 

through the distribution of literature and displays.

• Design appropriate literature and displays for various 

levels of service and target groups;

• Distribute literature through inclusion with water bill, 

schools programmes, Water Week, competitions, arti-

cles and advertisements, posters, pamphlets, stickers 

and sponsorships.

Long • Drop in 

potential 

income 

due to red-

uced con-

sumption

(c) Institutional and legal interventions

Institutional arrangements

Status quo Actions Priority
Constraints/ 

Risks

There is a dedicated WDM sec-

tion known as Water Audit sec-

tion under the engineering 

department. Its main function 

is to technically handle all issues 

related to water loss management. 

• Promote water demand management and conserva-

tion at all levels in the organisation

Medium • Lack of 

instituti-

onal sup-

port
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Required resources and training 

Status quo Actions Priority
Constraints/ 

Risks

Undertaking water demand 

management requires commit-

ment and technical expertise, 

which can only be developed over 

time. The current staff comple-

ment does not have sufficient capa-

city to address adequately water 

demand management issues.

• Identify and appoint suitable staff members for water 

demand management;

 Identify training needs to perform water demand 

management operations

 Provide training in identified fields.

Medium • Resigna-

tion of 

trained 

staff

Bylaws

Status quo Actions Priority
Constraints/ 

Risks

The company endeavours to 

utilise the national laws and 

instruments to promote and 

enforce WDM issues.

• Review municipal by-laws to ensure Non-payment of 

services; Inefficient use; Wastage;

• Review by-laws on a three year basis and adapt if neces-

sary

Medium • Legal and 

political 

process of 

approval

Asset management and GIS System

Status quo Actions Priority
Constraints / 

Risks

There is no relia-

ble asset register 

nor asset manage-

ment programme 

in place.

• Locate, clean, assess and document existing water and sanitation 

infrastructure;

• Replace, repair or secure critical .

• An advanced GIS system of all the supply networks should be develo-

ped.Such a system should have the following minimum requirements:

• Cadastral information (properties and numbers, suburbs and names, 

roads and names;

• Current land use;

• Contours (5m interval);

• Customer information (Name, address, historical consumption data); 

• Pipeline information (pipes, control valves, zone valves, storage 

structures).

• Once such a system is in place, it can be upgraded to incorporate valve 

and meter management programmes, maintenance programmes, 

other services such as electricity, sewer, stormwater, communica-

tions, etc.

• Capture reticulation network drawings for outstanding areas;

• Include associated infrastructure such as valves, meters, control val-

ves and storage structures;

• Prepare plan books for operations staff;

• Collect plan books on an annual basis and make necessary changes 

on the electronic system; and

• Obtain regular updates of cadastral information and make necessary 

changes to GIS system 

• Reprint plan books. 

Medium • Not sup-

ported 

or used 

by staff

• Not upda-

ted on 

regular 

basis.
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Management information systems
Status quo Actions Priority Constraints / Risks

There are MIS functio-

nal.  There is a need for 

a proper consumer meter 

management system that 

will integrate with GIS

Identify requirements of Management Information System; 

Accurate data on the system is required to make informed 

decisions and reduce non-revenue water. Various management 

information systems are available which should be interlinked 

and updated on a continuous basis. The various management 

information systems include:

Asset inventory: A separate data information system for 

meters, valves, control valves, hydrants, air release valves, 

scour valves. Includes typical information on the position, 

make, type, size, date of installation, last date serviced/tested, 

supplier/service agent, spares inventory, etc. 

Automated mapping and facility management (AM/FM): It is 

a specialised field of GIS that provides operational data against 

which future situations and results can be assessed. Typical 

use is to identify which valves must be closed to repair a burst 

pipe. This information can then be included with the job order.

Consumer database: A system that contains information on all 

the consumers and usually includes a customer service cen-

tre. Typical information includes street address and number, 

position of the connection and meter relative to the property 

boundary, type and size of the connection, make, type, size 

and number of the meter, date installed, consumer’s con-

sumption, billing and complaints history.

Water balance/audit: A system that compares the volume of 

water entering system with the volume of water registered 

by the consumer meters. The purpose is to improve effici-

ency, management, cost recovery, etc. The quality of the water 

balance/audit is reliant on the consumer database and moni-

toring results.

Leak detection and monitoring software: This includes all the 

software to undertake logging, leak-noise correllating, acoustic 

logging, night flow analysis, pressure management, portable 

and electronic flow metering, bulk-meter reading/monitoring.

Decide on implementation approach:

• set-up complete management information system – high 

risk and high cost;

• start with a pilot project – medium risk and lower cost; or

• outsource – low risk and low cost. No capital outlay, time to 

market, low risk, flexible. Customised to individual needs, 

flexible, allows organization to focus on core competen-

cies, no staffing issues.

Long • Systems can-

not inte-

grate or does 

not provide 

solution and 

system fail 

as a result
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(d) Financial interventions

Metering and billing
Status quo Actions Priority Constraints / Risks

The company overall mete-

ring ratio is about 28%. There 

is no fixed meter installation 

programme because of finan-

cial constraints. However, the 

company’s strategic plan is to 

increase its metering to 50% by 

2013. Through the financial sup-

port of cooperating partners such 

as DTF, the company is in the pro-

cess of installing 8000 meters in 

low cost areas.

Meter reading cycle is 1 month, 

while the meter reading period is 

from 18th to 30th of every month.  

Meter reading and meter reading 

capture is done manually. Meter 

reading accuracy is about 98%.

• Develop strategy to address key issues such as discre-

pancies between meter readings and billing quanti-

ties, large number of flat rate consumers, error codes 

and corrections. 

• Implement proper meter management system

Medium • Lack of 

systems 

to support 

manage-

ment of 

new meter 

installations

Tariff structure

Status quo Actions Priority
Budgets require-

ments

The company’s tariff structure 

promotes limited WCWDM. Its 

structured in such a way that 

the lower the consumption the 

lower unit cost.

• Review water tariff on an annual basis to reflect the 

actual cost of water in the area. 

• The water tariffs should encourage water demand 

management through rising block tariffs.  It is recom-

mended that the water tariffs be increased exponen-

tially to encourage water conservation.

• Review water tariffs on an annual basis and increase.

Long • Drop in 

income due 

to increased 

cost of water 

• Increase in 

un-authori-

sed connec-

tions due 

to high cost 

of water
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Water loss monitoring and auditing

Status quo Actions Priority
Constraints/ 

Risks

The operations of the system is 

well understood at the primary 

distribution level, except that 

there are no reliable drawings/

schematic to clearly show a com-

plete lay out of the plants, dis-

tribution tanks, re-pumping 

stations, main lines, etc. for all 

three towns operations. The 

secondary distribution and ser-

vice area networks sufficient 

drawings except that they need 

to be updated.

• Obtain minimum night flow measurements from tele-

metry system or continuous logging programme.

• Prepare SANFLOW analysis for each management 

zone on an as required or annual basis.

• Prepare shortlist of problem zones for investigation 

and remedial action.

• Prepare a water balance for each zone on a quarterly 

basis.

• Identify components of water loss for each manage-

ment zone.

High • No staff 

to support 

WDM 

• Lack of 

understan-

ding and 

knowledge

Prioritization of Interventions

As can be observed the number of interventions identified were 

quite many. These were discussed with the management in 

the NRW Plans developed. The prioritised interventions were 

further refined into Activity Plans and became part of stra-

tegic plans and budgets. The activity plans earlier described 

under a) strategy of implementation, figure a.2, were the fine 

product of planning. 

The following were recommended as key actions:

•  Seek funding the to implement short, medium and long 

term interventions;

•  Short term interventions should focus on fixing visible leaks 

and performing a proper analysis of the supply system;

•  Medium term interventions should focus on metering and 

billing of consumers;

•  Long term interventions should focus on general improve-

ment of the supply system and customer awareness

Results and benefits of implementing NRW Interventions in 
Lubuto Township, A Low Cost (High density) Area

Figure b.5 showed that immediately metering started, revenue 

collection improved steadily. The results and benefits noticed 

were:

•  100% Metering done when it was 0% before.

•  Consumers are now billed for amounts actually consumed. 

Total Lubuto billing marginally dropped during metering 

•  Collections doubled from an average of US$17,000 per 

month before metering July to US$ 36,000 in December 

2009. 

•  Water supply has improved from 60% to almost 100 % 

coverage

•  Metering has enhanced customer compliance (willingness 

to pay) 

•  Extra water saved in Lubuto is now supplied to surrounding 

areas

•  Due to metering programme, there has been an increase 

in the general pressures in the low lying 

•  Cost of metering 4,200 connections was US$309,360.00.  

(US$ 75 per Connection)

•  This intervention was financed by the Devolution Trust 

Fund (DTF) Donor Basket fund supported by GTZ, Danida 

and other Donors. 
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•  The total cost of the intervention in Lubuto of US$309,360 

is equivalent to 16 months of the net increase of collected 

revenues.

Figure b.5: Results and benefits of implementing NRW measures of metering and replacing leaking fittings.



91

Glossary for WBI NRW Reduction 
and Management Course
Compiled by Roland Liemberger. AfWA-WBI-InWEnt training course 2008

I. The IWA Water Balance

System
Input

Volume

(allow for 
known 
errors)

Authorized
Consumption

Billed Authorized 
Consumption

Billed Metered Consumption 
Revenue

Water
Billed Unmetered Consumption

Unbilled
Authorized

Consumption

Unbilled Metered Consumption

Non-Reve-
nue Water

(NRW)

Unbilled Unmetered Consumption

Water
Losses

Commercial  
Losses

Unauthorized Consumption

Customer Metering Inaccura-
cies and Data Handling Errors

Physical
Losses

Leakage on Transmission and/or
Distribution Mains

Leakage and Overflows at 
Utility’s Storage Tanks

Leakage on Service Connections 
up to Point of Customer Use

Water Balance Definitions
In the following, all terms used in Figure above are listed in 

hierarchical order – as one would read the water balance form 

from left to right. Some of the terms are self-explanatory but 

are still listed and briefly explained in order to having a com-

plete list available. 

System Input Volume
The volume of treated water input to that part of the water 

supply system to which the water balance calculation relates. 

Authorized Consumption
The volume of metered and/or unmetered water taken by 

registered customers, the water supplier and others who are 

implicitly or explicitly authorized to do so by the water sup-

plier, for residential, commercial and industrial purposes. It 

also includes water exported across operational boundaries.

Authorized consumption may include items such as fire 

fighting and training, flushing of mains and sewers, street 

cleaning, watering of municipal gardens, public fountains, 

frost protection, building water, etc.  These may be billed or 

unbilled, metered or unmetered.

Water Losses
The difference between System Input and Authorized Con-

sumption. Water losses can be considered as a total volume for 

the whole system, or for partial systems such as transmission 

or distribution schemes, or individual zones. Water Losses con-

sist of Physical Losses and Commercial Losses.
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Billed Authorized Consumption
Those components of Authorized Consumption which are 

billed and produce revenue (also known as Revenue Water). 

Equal to Billed Metered Consumption plus Billed Unmetered 

Consumption.

Unbilled Authorized Consumption
Those components of Authorized Consumption which are 

legitimate but not billed and therefore do not produce reve-

nue. Equal to Unbilled Metered Consumption plus Unbilled 

Unmetered Consumption.

Commercial Losses
Includes all types of inaccuracies associated with customer 

metering as well as data handling errors (meter reading and 

billing), plus unauthorized consumption (theft or illegal use).

Commercial losses are called „Apparent Losses“ by the Inter-

national Water Association and in some countries the mislea-

ding term „Non-Technical Losses“ is used.

Physical Losses
Physical water losses from the pressurized system and the 

utility’s storage tanks, up to the point of customer use. In 

metered systems this is the customer meter, in unmetered 

situations this is the first point of use (stop tap/tap) within 

the property.

Physical losses are called „Real Losses“ by the Internatio-

nal Water Association and in some countries the misleading 

term „Technical Losses“ is used.

Billed Metered Consumption
All metered consumption which is also billed. This includes 

all groups of customers such as domestic, commercial, indus-

trial or institutional and also includes water transferred across 

operational boundaries (water exported) which is metered and 

billed.

Billed Unmetered Consumption
All billed consumption which is calculated based on estimates 

or norms but is not metered. This might be a very small com-

ponent in fully metered systems (for example billing based on 

estimates for the period a customer meter is out of order) but 

can be the key consumption component in systems without 

universal metering. This component might also include water 

transferred across operational boundaries (water exported) 

which is unmetered but billed.

Unbilled Metered Consumption
Metered Consumption which is for any reason unbilled. This 

might for example include metered consumption by the uti-

lity itself or water provided to institutions free of charge, inclu-

ding water transferred across operational boundaries (water 

exported) which is metered but unbilled.

Unbilled Unmetered Consumption
Any kind of Authorized Consumption which is neither billed 

nor metered. This component typically includes items such as 

fire fighting, flushing of mains and sewers, street cleaning, 

frost protection, etc.  In a well run utility it is a small compo-

nent which is very often substantially overestimated. Theore-

tically this might also include water transferred across opera-

tional boundaries (water exported) which is unmetered and 

unbilled – although this is an unlikely case.

Unauthorized Consumption
Any unauthorized use of water. This may include illegal water 

withdrawal from hydrants (for example for construction pur-

poses), illegal connections, bypasses to consumption meters 

or meter tampering. 

Customer Metering Inaccuracies and Data Handling 
Errors
Commercial water losses caused by customer meter inaccu-

racies and data handling errors in the meter reading and bil-

ling system. 

Leakage on Transmission and/or Distribution Mains
Water lost from leaks and breaks on transmission and dis-

tribution pipelines. These might either be small leaks which 

are still unreported (e.g. leaking joints) or large bursts which 

were reported and repaired but did obviously leak for a certain 

period before that.

Leakage and Overflows at Utility’s Storage Tanks
Water lost from leaking storage tank structures or overflows of 

such tanks caused by e.g. operational or technical problems.

Leakage on Service Connections up to point of Customer Metering

Water lost from leaks and breaks of service connections 

from (and including) the tapping point until the point of custo-

mer use. In metered systems this is the customer meter, in 

unmetered situations this is the first point of use (stop tap/tap) 

within the property. Leakage on service connections might be 

reported breaks but will predominately be small leaks which 

do not surface and which run for long periods (often years).

Revenue Water
Those components of Authorized Consumption which are 

billed and produce revenue (also known as Billed Authorized 

Consumption). Equal to Billed Metered Consumption plus 

Billed Unmetered Consumption.
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Non-Revenue Water
Those components of System Input which are not billed and do 

not produce revenue. Equal to Unbilled Authorized Consump-

tion plus Physical and Commercial Water Losses.

(Unaccounted-for Water)
Because of the widely varying interpretations and definitions 

of the term ‘Unaccounted for Water’, it is strongly recommend 

that this term be no longer used.

II. Understanding Leakage

Background Leakage
Background leakage (also called background losses) are indivi-

dual events (small leaks and weeps) that will continue to flow, 

with flow rates too low to be detected by an active leakage con-

trol campaign unless either detected by chance or until they 

gradually worsen to the point that they can be detected. As the 

term is nearly untranslatable, it is often referred to as „unavoi-

dable losses“. The level of background leakage depends on the 

overall infrastructure condition, the pipe material(s) and the 

soil. It is furthermore heavily influenced by pressure (N1=1.5 

or even higher).

Bursts
Events with flow rates grater than those of background losses 

and therefore detectable by standard leak detection techniques. 

Bursts can be visible or hidden.

Reported Bursts
Reported Bursts are visible leaks that are brought to the atten-

tion of the water utility by the general public or the water sup-

ply organization‘s own operatives.

Unreported Bursts
Unreported bursts are those that are located by leak detection 

teams as part of their normal everyday active leakage control 

duties. These breaks go undetected without some form of active 

leakage control.

Active Leakage Control (ALC)
ALC is the policy a water utility implements if it decides to pro-

actively search for hidden leaks. ALC in its most basic form 

consists of regular sounding (e.g. listening to leak noise on 

fire hydrants, valves and accessible parts of service connec-

tions (e.g. stop cock) with listening sticks or electronic devices. 

Leak Duration
The length of time for which a leak runs consists of three sepa-

rate time components - awareness, location and repair time.

Awareness Time
Awareness Time is the average time from the occurrence of a 

leak until the water utility becomes aware of its existence.  The 

awareness time is influenced by the type of applied ALC policy.

Location Time
For reported bursts, this is the time it takes for the water uti-

lity to investigate the report of a leak or break and to correctly 

locate its position so that a repair can be carried out. For Unre-

ported bursts, depending on the ALC method used, the loca-

tion duration may be zero since the burst is detected during 

the leak detection survey and therefore awareness and location 

occur simultaneously. 

Repair Time
The time it takes the water utility to organize and affect the 

repair once a leak has been located.

N1 Factor
The N1 Factor is used to calculate pressure/leakage relation-

ships:

Leakage Rate L (Volume/unit time) varies with 

PressureN1      or   L1/L0 = (P1/P0)N1

The higher the N1 value, the more sensitive existing leakage 

flow rates will be to changes in pressures.  N1 Factors range 

between 0.5 (corrosion holes only in metallic systems) and 1.5 

with occasional values of up to 2.5. In distribution systems 

with a mix of pipe materials, N1 values might be in the order 

of 1 to 1.15. Therefore a linear relationship can be assumed ini-

tially until N1 Step Tests are carried out to derive better data.

N1 Step Test
The N1 Step Test is used to determine the N1 value for areas of 

the distribution network. Inflow to the area as well as pressure 

at the Average Zone Point are recorded. During the test supply 

pressure into the area is reduced in a series of steps. This pres-
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sure reduction together with the corresponding inflow reduc-

tion forms the basis for the calculation of N1.

Pressure Step Test
Equivalent to N1 Step Test.

Average Zone Point (AZP)
The AZP is the point in a certain zone or area of the distribu-

tion network which is representative for the average pressure 

in this particular part of the distribution network.

III. Quantifying Losses

Physical Loss Component Analysis
Determination and quantification of the components of phy-

sical losses in order to calculate the expected level of physical 

losses in a distribution system. The BABE concepts were the 

first component analysis model.

BABE Concepts
The Bursts And Background Estimates (BABE) concepts were 

developed by the UK National Leakage Initiative between 1991 

and 1993. The concepts were the first to model physical losses 

objectively, rather than empirically, thus permitting rational 

planning management and operational control of strategies 

for their reduction.

Leakage Modeling
Leakage modeling is a methodology to analyze 24h inflow and 

pressure data of a hydraulically discreet part of the distribu-

tion system. Using the N1 pressure:leakage relationship prin-

ciples and the results of the N1 Step Test the measured inflow 

can be split into:

•   Consumption; and

•   Leakage; and further into:

–  Background Losses

–  Losses from Bursts (= losses which can be recovered)

Equivalent Service Pipe Bursts (ESPBs)
The number of ESPBs is an indication of how many hidden 

leaks can be expected in a certain part of the distribution net-

work. It is calculated by dividing the volume of excess (or hid-

den) losses by the volume of water lost through an average 

service pipe burst.

Hidden Losses (Excess Losses)
Physical loss component analysis is used to determine the 

part of physical losses which is in „excess“ of all other leakage 

components. The volume of Hidden (Excess) Losses represents 

the quantity of water lost by „hidden“ leaks that are not being 

detected and repaired with the current leakage control policy.

Night Flow Test (NFT)
Zone inflow and pressure measurement carried out during 

night hours, usually between 02:00 and 04:00 hours to mea-

sure Minimum Night Flow and corresponding Average Zone 

night Pressure.

Average Zone Night Pressure (AZNP)
The AZNP is the average pressure during (low consumption) 

night hours measured at the Average Zone Point.

Minimum Night Flow (MNF)
The Minimum Night Flow (MNF) in urban situations nor-

mally occurs during the early morning period, usually bet-

ween around 02:00 and 04:00 hours. The MNF is the most 

meaningful piece of data as far as physical loss levels are con-

cerned. During this period, consumption is at a minimum 

and therefore physical losses are at the maximum percentage 

of the total flow. The estimation of the physical loss compo-

nent at Minimum Night Flow is carried out by subtracting an 

assessed amount of Minimum Night Consumption for each of 

the customers connected in the zone being studied.

Minimum Night Consumption 
Minimum Night Consumption is part of the Minimum Night 

Flow and is normally composed of three elements:

•  Household night use 

•  Non-household night use

•  Exceptional night use

Net Night Flow
Net Night Flow is the difference between Minimum Night 

Flow and Minimum Night Consumption and is equivalent to 

Night Leakage

[Net Night Flow] = [Minimum Night Flow] 

- [Minimum Night Consumption]
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IV. Performance Indicators

Infrastructure Leakage Index (ILI)
The ILI is a measure of how well a distribution network is 

managed (maintained, repaired, rehabilitated) for the control 

of real losses, at the current operating pressure. It is the ratio 

of Current Annual volume of Physical Losses (CAPL) to Mini-

mum Achievable Annual Physical Losses (MAAPL).

ILI = CAPL /  MAAPL

Being a ratio, the ILI has no units and thus it facilitates com-

parisons between countries that use different measurement 

units (metric, U.S., or imperial).

Minimum Achievable Annual Physical Losses (MAAPL)
Physical  Losses cannot be totally eliminated. The volume of 

Minimum Achievable Annual Physical Losses represent the 

lowest technically achievable annual volume of Physical Losses 

for a well-maintained and well-managed system. The standard 

equation for calculating MAAPL for individual systems was 

developed and tested by the IWA Water Losses Task Force. It 

allows for:

•  background leakage – small leaks with flow rates too low 

for sonic detection if non-visible

•  reported leaks and breaks – based on average frequencies, 

typical flow rates, target average durations

•   unreported leaks and breaks – based on average frequen-

cies, typical flow rates, target average durations

•  pressure/leakage rate relationships (a linear relationship 

being assumed)

The MAAPL equation requires data on four key system-spe-

cific factors:

•  Length of mains (all pipelines except service connections)

•  Number of service connections

•  Length of service connection between property boundary 

and customer meter. (Note: this is not the same as the total 

length of the service connection. Losses on the service con-

nection between the tapping point at the main pipeline are 

included in the allowance per service connection. The addi-

tional allowance for length of connections on private land 

was included to take the longer leak run-times in situations 

were visible leaks would not be seen by public into account. 

In most urban situations, if the customer meter is inside 

the building, the length of service connection between pro-

perty boundary and customer meter is obviously nil.)

•  Average operating pressure

Minimum Achievable Annual Physical Losses (MAAPL) is 

called „Unavoidable Annual Real Losses (UARL)“ by the Inter-

national Water Association.
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The WAVE programme was designed and is being imple-

mented by the InWEnt Department 5 “Environment, Natural 

Resources and Food” through its Division “Natural Resources 

and Biodiversity”. Based at the International Training Centre 

Zschortau (near Leipzig), we focus on natural resources policy, 

regional planning, integrated land and water management, 

water resources management, ecosystems management, bio-

diversity conservation and forestry, and climate change adapta-

tion. We are engaged in capacity building programmes through 

dialogue, training, networking and strategic human resources 

development in Africa, the Middle East, Latin America, Asia, 

and Southeast Europe as well as in Germany.

The WAVE capacity building programme (1st phase 2007-

2010) aims at improving the efficiency of water supply and the 

capacity of senior management and professional staff in water 

utilities as well as of other actors in the water sector for better 

urban water supply services. InWEnt implements WAVE in 

close cooperation with national partners in Kenya, Uganda, 

Tanzania and Zambia on behalf of the German Federal Mini-

stry for Economic Cooperation and Development (BMZ). WAVE 

Partners are water service providers, training providers/col-

leges, ministries, regulators, water associations, water boards, 

local government authorities, the private sector, and NGOs.

Strategically, WAVE aims at supporting Water Sector 

Reforms in the partner countries through improved water 

services and thereby contributing to the national development 

plans and Millennium Development Goals. Key elements of 

these reforms are: (1) Separation of policy formulation, regula-

tion, water resources management and service provisions; (2) 

New arrangements of responsibilities and managerial tasks 

between ministries, regulators, asset managers, commer-

cial utilities, water agencies or authorities, and private ope-

rators; (3) Decentralisation of power and responsibilities; and 

(4) Commercialization and business orientation. A new “busi-

ness mindset“ is required at all staff levels to manage water 

service provisions.

The WAVE programme consists of the following compo-

nents:  “WAVE Training” aims at increasing knowledge, awa-

reness, skills and abilities of water service providers related 

to technical as well as managerial aspects through national 

training and regional seminars; coaching; exchange visits and 

twinning amongst partner organisations; short-term training 

and internship in Germany, and other formats on demand. The 

main target groups are managers and mid-management staff. 

“WAVE Learning” aims at strengthening the capacity of 

trainers and training providers in partner countries through 

assisting them in developing demand-oriented curricula, 

update the contents, and apply modern learning methods.

„WAVE Pool“ A key role plays the WAVE Pool. The Pool was 

established in 2007 as a regional network to steer and manage 

the WAVE programme to improve staff competences and water 

utility performance in selected key operational and managerial 

topics. The pool members are representing important stake-

holders of the water sector in the four partner countries. Four 

national WAVE Pools manage all in-country activities while 

the regional WAVE Pool with representatives of national Pools 

meets at regional level to share experiences and plan for regi-

onal initiatives.

The WAVE Pool identified in 2007 the following key areas 

for capacity building interventions to improve efficiency and 

effectiveness of water service providers: water loss reduction, 

customer services, commercial orientation, and organisational 

development. Based on this demand, the WAVE Pool imple-

ments a comprehensive capacity building programme mainly 

with the instruments dialogue, training, networking and spe-

cific advisory services related to HRD. 

The following capacity building formats are applied: inter-

national conferences, regional workshops, training courses, 

coaching services, study tours, internships, twinning, e-lear-

ning courses, shared web spaces, alumni networks. All deci-

sion-making levels are addressed by the programme: executive 

managers and senior staff of utilities, water ministries and 

departments, local authorities, regulatory institutions, senior 

lecturers and water professionals in the private sector. Training 

courses for the middle and senior management in utilities are 

the cornerstone of the WAVE programme. The team of WAVE 

trainers includes experienced staff from utilities or ministries, 

water professionals and management specialists from the pri-

vate sector and NGOs, and last but not least lecturers from nati-

onal training providers. These are encouraged to utilize the 

training material in their lessons and to update their curricula.

Department Environment, Natural Resources and Food
Division Natural Resources and Biodiversity
Dieter Anders, Senior Programme Manager 
Lindenstraße 41 (Zschortau). 04519 Rackwitz, Germany
Phone +49 8157 938 203. Fax +49 8157 938 777
dieter.anders@inwent.org
Programme webpage: www.gc21.inwent.org/nrm-net

InWEnt - WAVE Programme
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InWEnt.–.Qualified.to.Shape.the.Future
InWEnt – Capacity Building International, Germany, is a non-

profit organisation with worldwide operations dedicated to 

human resource development, advanced training, and dialo-

gue. Our capacity building programmes are directed at experts 

and executives from politics, administration, the business com-

munity, and civil society.

Our.Programmes
60 percent of all our programmes are implemented at the 

request of the Federal Ministry for Economic Cooperation and 

Development (BMZ). In addition, we conduct programmes 

for other German federal ministries and international orga-

nisations. We are also working in cooperation with the Ger-

man business sector in public private partnership projects 

that can be designed to incorporate economic, social, and 

environmental goals.

The programmes for people from developing, transition 

and industrialised countries are tailored to meet the specific 

needs of our partners. 

InWEnt.-.Capacity.Building.International,.Germany

We offer practice-oriented advanced education and training, 

dialogue sessions, and e-Learning courses. After the training 

programmes, our participants continue their dialogue with 

each other and with InWEnt via active alumni networks. 

  By offering exchange programmes and arranging scholar-

ship programmes, InWEnt also provides young people from 

Germany with the opportunity to gain professional expe-

rience abroad.

Our.Offices
InWEnt gGmbH is headquartered in Bonn. In addition, 

InWEnt maintains 14 Regional Centres throughout the Ger-

man Länder, providing convenient points of contact for all regi-

ons. Our foreign operations in Beijing, Cairo, Hanoi, Kiev, 

Lima, Managua, Manila, Moscow, New Delhi, Pretoria, São 

Paulo, and Tanzania are usually affiliated with other organi-

sations of German Development Cooperation.

InWEnt
Internationale Weiterbildung und Entwicklung gGmbH
Friedrich-Ebert-Allee 40 
53113 Bonn 
Fon +49 228 4460-0 
Fax +49 228 4460-1766 
www.inwent.org 
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