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Introduction to Good Practices

“It has seemed to me important to examine 
consecutively the lengths of channel of each  

aqueduct in its several parts and in detail. This is 
because the maintenance of the works is the most 
important part of the duties of this office and it is 
necessary that whoever is placed in charge of them 
should know which of them are in need of having 

money spent on them.”[1] 

If you work in the water industry, this quote will sound 
familiar. You may be surprised to know that it was 
written by the manager of the water system of the City 
of Rome in the year 90 C.E. – over 1900 years ago. 

If you visited the manager of the Rome, Italy water 
system today, there is a good chance he would say 
the same things. It is an on-going challenge to keep a 
water system in good working order. Sometimes, the 
more things change, the more they stay the same.  But 
some things do change: the current manager surely 
has computers, laboratories to test water quality and 
machinery to maintain the works. 

There are always new challenges, technologies and op-
portunities. Organizations that face challenges, adopt 
new technologies and take advantage of opportunities 
prosper. Those that maintain the status quo stay the 
same or decline.  

People are never perfect. Neither are organizations.  
And life is a journey – not a destination.  We never 
finish. We can always be better.

This section of the Impact Guidebook covers good 
practices – commonly accepted approaches to accom-
plish a task or function.  Some of them are applicable 
to almost any organization – like those on Human Re-
sources. Others – like Capital Management – may not 
apply to every organization but are definitely impor-
tant to water utilities.  

This introduction also covers the topic of Continu-
ous Improvement – the ways that organizations always 
seek to be better.
 

I. GooD PracTIces     

a. Why are Good Practices Important to 
consider? 

Good practices are those that other organizations have 
applied successfully to their benefit. If you do not do 
these practices now, you may also benefit, if you imple-
ment them later.

Using good practices shows people that you are doing 
the best you can to operate and manage your organi-
zation. These practices will help you improve perfor-
mance and provide better service to your customers. 

B. Good Practice chapters in this  
Guidebook 

The 21 Good Practice chapters cover a wide-ranging set 
of topics – from safety standards to forming a water as-
sociation to service levels to customer service to water 
loss reduction. These chapters are listed below:
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Human Resources
• Human Resources Management
• Training
• HIV/AIDS

Quality Assurance 
• Performance Management
• Quality Management
• Minimum Service Standards

Operations Management
• Health and Safety
• Crisis Management
• Standard Operating Procedures
• Business Process
• Serving the Poor
• Non-revenue Water Management
• Private Sector Participation
• Water Demand Management
• Information and Communications Technology 

Commercial Management  
• Customer Service
• Revenue Generation

Enterprise Sustainability
• Capital Management
• Financial Management

External Relationships
• Water Associations
• Public Involvement

c. chapter summaries
 
The themes of the Good Practice chapters follow:

Human Resources Management: Employees are valu-
able assets to any organization – without them an or-
ganization cannot function. Yet many organizations ne-
glect to nurture and develop their human resources and 
suffer as a result. 

Training: There are always new things to learn and your 
workforce is always changing as older, more experienced 
people retire and younger, inexperienced people join 
you. That is why training is a continuous process – em-

ployees need to know how to do the jobs that you have 
assigned to them and keep up with new technologies.

HIV/AIDS: In many countries in Africa, this health 
crisis affects the ability of organizations to accomplish 
their purposes. There are things that management can 
do to help control the spread of HIV/AIDS and offer 
support to employees who are affected by it.

Performance Management: Some organizations assign 
people to jobs, tell them the basic requirements of the 
job and leave it at that. This is not enough. Since we are 
all learning all the time, we can all benefit from advice 
on how to do better. In addition, people who have goals 
to achieve will normally do more than people who do 
not have these expectations.  

Quality Management: Quality usually does not happen 
by itself – it is usually the result of deliberate manage-
ment actions to ensure that an organization’s products 
meet the needs of its customers and stakeholders. This 
chapter introduces various ways to manage quality.

Minimum Service Standards: to ensure that customers 
receive the best services possible, many organizations 
establish minimum standards and monitor performance 
to ensure that they are met. This is especially true in the 
water industry where water quality is so important to 
public health.  

Health and Safety: When employees are injured, they 
are not able to perform at their top capability – the or-
ganization loses.  Besides, we have moral obligations to 
take care of each other. Creating and maintaining a safe 
working environment is a moral obligation and helps 
sustain an organization.

Crisis Management: When a crisis arrives it is too late 
to do much about it – and the crisis may have severe 
consequences for your organization and your commu-
nity. By preparing ahead of time, your organization will 
be much better prepared to respond effectively.

Standard Operating Procedures:  There are the ways 
that people have always done things and then there are 
the better ways. Many organizations establish stand-
ard operating procedures to ensure that employees are 
working in the best ways possible.
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Business Process:  A business process is a coordinat-
ed set of actions that deliver value to customers. Often 
processes evolve informally and can be the cause of bot-
tlenecks or inefficiencies. This chapter shows how to an-
alyse and improve business processes.

Serving the Poor: The objective of most water systems 
is to satisfy a basic human need. Yet often, the poor 
do not have service – if they had it they would have a 
chance to escape the chains of poverty, malnutrition 
and disease. 

Non-revenue Water Management (NRW): Many coun-
tries have high non-revenue water due to physical water 
losses and the administrative losses that result from 
water theft or inadequate record-keeping. Reducing 
NRW is important to the long-term sustainability of a 
water utility. 

Private Sector Participation: Many organizations focus 
on their core services and employ the private sector to 
provide other services. This may prove cost effective and 
yield better results.

Water Demand Management: This approach means de-
liberately taking steps to control the amount of water 
usage within a utility as well as encouraging customers 
to use water wisely.  

Information and Communications Technology: Tech-
nology advances so fast that it can make you dizzy. But 
technology is responsible for many improvements in the 
ways that we work and communicate and there are ways 
to manage technology to have what you need.

Customer Service: Customers are the life blood of any 
organization – their demand for services and payments 
keep an organization alive. Providing good service to 
customers, then, just makes sense if you want your or-
ganization to survive and thrive.

Revenue Generation: Most organizations survive be-
cause they are able to charge their customers for ser-
vices and cover their costs. Water utilities are the same 
– while many of them are government operated, they 
usually have user-based fees so that people pay their fair 
share for what they use. Without revenues, water utili-
ties are not able to survive.

Capital Management: A well-maintained asset will be 
productive for many years and provide a high return on 
investment. Neglected assets often fail long before their 
expected useful lives expire. And capital assets are nor-
mally expensive – so it makes good sense to manage 
them effectively.

Financial Management: Most organizations survive be-
cause they are able to provide good products to their 
customers at affordable prices. This does not happen by 
accident – financial management is one of the key as-
pects to make this happen.

Water Associations: Many industries have trade associ-
ations and this is also true of the water industry. Asso-
ciations thrive because they bring value to their mem-
bers in terms of sharing experiences, helping each other, 
training and standards to name a few. Most of the 
world’s great associations began with the efforts of a few 
people.

Public Involvement: The actions of many organizations 
affect the public – as well as customers. The public can 
support an organization or it can be its worst enemy.  
There are ways to develop and keep public support by 
involving the public appropriately in decision-making.

D. other Good Practices

The Impact Guidebook chapters do not cover each and 
every good practice or concept that exists in the world.  
The chapters do cover topics that we believe are essen-
tial for water utilities. There are other topics that may 
be useful. This section discusses some additional topics 
that you may want to investigate.  

Social Environment: The ways that people in your or-
ganization work together and form supportive relation-
ships is a factor in your success: if the social environ-
ment is a positive one, you will be more likely to suc-
ceed; if it is negative, you may find it difficult to make 
progress.  

Knowledge Management: Every day, people in your or-
ganization create information and knowledge that is 
vital to its survival and sustainability. There are ways to 
make sure that you capture, store, analyse and use the 
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information to benefit your organization.  One website 
that offers an introduction is www.Knowledge-Man-
agement-Online.com.

II. conTInuous IMProveMenT      

Continuous Improvement is a commitment to be the 
best you can be. It is an approach to sustain an organi-
zation long into the future.  

People who practice Continuous Improvement share 
some fundamental beliefs and practices. They:
• Accept change as a fact of life
• Learn all the time
• Apply what they learn
• Encourage creativity
• Listen to ideas
• Put resources to best use
• Fix the problem – not the symptom
• Believe in being the best they can be

Continuous Improvement includes learning from 
our experiences and finding better ways to do things 
through innovation.

a. continuous Improvement Techniques

Business publications promote many techniques for im-
provement. Here are samples of some popular tech-
niques:

1. european Foundation for Quality Management   
(eFQM) 
“For the past twenty years we have shared what works 
between our member organizations as a way to help 
them implement their strategies: a mission which is as 
important as ever.”[2] “EFQM is the recognized leader in 
promoting and supporting the implementation of Sus-
tainable Excellence.”[3] 

2. Total Quality Management (TQM)
“TQM has focused attention on the creative potential 
of human beings and their ability to improve the work 
that they do”.[4] Dr. W. Edwards Deming developed the 

TQM approach. He gained fame from his work with the 
Japanese after World War II. His famous “14 points” ap-
pear on the Activity sheet at the back of this chapter.  

“Total quality management (TQM) is a management 
philosophy that seeks to integrate all organizational 
functions (marketing, finance, design, engineering, and 
production, customer service, etc.) to focus on meeting 
customer needs and organizational objectives. TQM 
empowers the total organization, from the employee to 
the CEO, with the responsibility of ensuring Quality in 
their respective products and services, and Management 
of their processes through the appropriate process im-
provement channels”.[5] 

3. reengineering
“Reengineering encourages managers and employees to 
rethink what they do and how they do it as a means to 
achieve an advantage.”[6]

In planning, this means that you look at what you do 
now to see if it is right for the future. In budgeting, you 
give people the resources they really need rather than 
spending money on things that will not make a positive 
difference.

In reengineering, you look closely at current procedures 
and workflows. You document them. Then, you look 
closely to find bottlenecks and ways to streamline. If you 
have never done this, you may find a lot of ways to im-
prove. One organization, looking at its procedures found 
this one: “Make a copy before you throw anything away.”

In reengineering, you also look at things from the cus-
tomer’s point of view. You may think that you give good 
customer service but you may be surprised at what you 
find if you “pretend” to be the customer: Call the main 
number and see what happens. Visit your own website 
and see what happens. Follow the steps that a customer 
might take at your offices and see what happens.

4. Benchmarking
In Benchmarking, an organization compares itself to 
other organizations in its industry to find ways that it 
might improve its performance. Sometimes, bench-
marking is not a perfect method because it is very hard 
to find two organizations that are exactly the same in 
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terms of size, functions, challenge, etc. Nevertheless, 
looking at how other organizations perform and how 
they do it can be a source of good ideas for improve-
ment.

5. International organization for standardization 
(Iso)
Many organizations are using the resources of the In-
ternational Organization for Standardization (ISO) 
that promotes standardization and certification of best 
practices.   

“ISO 9000 is primarily concerned with “quality man-
agement of ... all those features of a product (or service) 
which are required by the customer.   

ISO 14000 is primarily concerned with what the organ-
ization does to minimize harmful effects on the envi-
ronment caused by its activities.”[7]  

“ISO 9001:2008 provides a set of standardized require-
ments for a quality management system, regardless of 
what the user organization does, its size, or whether it is 
in the private, or public sector. It is the only standard in 
the family against which organizations can be certified 
– although certification is not a compulsory require-
ment of the standard.”[8] 

These standards as well as the ISO for Utilities Series 
(24510, 24511 and 24512) are discussed more fully in 
the Quality Management chapter.

B. continuous Improvement Benefits

Continuous improvement enlivens an organization and 
puts it on the path to excellence. It can have many ben-
efits:  
• Lower cost and higher productivity
• Improvement projects build and reinforce team-

work. 
• Better service = happier customers = better revenue 

collection
• Happier employees are more productive employees. 

They are less likely to leave for another job. This sta-
bilizes the workforce

c. resources

Be inquisitive. If you face a challenge, go to the Inter-
net and find examples of how other organizations have 
faced this challenge. You will surely find a lot of very 
good information that you can customize to your own 
situation. But like anything in print: use your best judg-
ment when you review information – not everything on 
the internet is accurate.

The Good Practices section of this guidebook includes 
many ideas and approaches to apply for improved per-
formance in any organization.  

Two of the approaches that you can investigate on the 
Internet are Balanced Scorecard and Six Sigma. These 
fairly new techniques are both designed to help organi-
zations find ways to improve.

Organizations use the Balanced Scorecard approach “to 
align business activities to the vision and strategy of the 
organization, improve internal and external communi-
cations, and monitor organization performance against 
strategic goals.”[9] It balances 4 major business areas: fi-
nancial performance, customer needs, employee growth 
and internal business processes. 

“Six Sigma” is a disciplined, data-driven approach and 
methodology for eliminating defects … in any process - 
from manufacturing to transactional and from product 
to service.”[10] 

D. Lessons Learned 

“We are what we repeatedly do. Excellence, then, is not 
an act, but a habit.”[11] Excellence is doing a thousand 
small things well.
 
When you see the benefits of improvement, you may be 
ready to charge ahead. That’s a great attitude! But please 
remember to balance workload: if you try too many 
things at one time, you may never do any of them well. 
In planning, you can allocate time and resources to the 
projects that will do the most good.  
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From year to year, people propose new ideas. Some-
times new ideas come and go – like a fad.  Sometimes, 
they have staying power because they work – they draw 
out ideas for improvement.

If you try every new management fad and abandon it 
soon after, employees will find it hard to take you seri-
ously – even when you find the right one. Pick good ap-
proaches and stay with them. Avoid change for the sake 
of change – this confuses people and has little benefit.

Whatever technique you use, the basic idea is the same: 
to maintain excellence, organizations always look for 
ways to do things better.

e. Taking action

Continuous improvement is a philosophy. The first step 
is to convince your governing body and top manage-
ment to adopt this philosophy. You will need their sup-
port to get the benefits of continuous improvement.

Research Internet websites with information on contin-
uous improvement. You will find a lot of information.  
Check with your industry association.   

Next, talk to your managers. Will they accept Dr. 
Deming’s “14 Points”? Try the activity in this chapter 
on “Dr. Deming’s 14 Points”.

Action Checklist
Continuous Improvement

• adopt the continuous improvement philosophy.

• Get commitment to this philosophy from gov-

erning body and top management.

• research approaches to continuous improve-

ment over the Internet or through your industry 

association.

• review related chapters in this guidebook: 

- strategic analysis

- Planning ahead

- Management-by-results

- Delegation

- Human resources Management

- Training

- compensation and rewards

- The chapters in the Human Behaviour  

section

- The chapters on Good Practices

• Identify ways to improve.

• Implement them.

• celebrate successes!
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Dr. Deming’s 14 Points Activity 

Instructions

Read Choice A and Choice B. Put a check mark in the box that describes the way things are in your organization.

If you check “5”, this means that your organization is very like Choice A.

If you check “1”, this means that your organization is very like Choice B.

Check “4”, “3”, or “2” to show how close your organization is to Choice A or Choice B.

Here is the approach that we take ………………..

# choice a 5 4 3 2 1 choice B

1
We are always looking for ways to 

improve.

We do things the same way we have always 

done them.

2
We are in a new age… we must 

learn.

The things that happen in the world do not 

affect us.

3 Quality is important to all of us. Someone else worries about quality.

4
We look for cost effective alterna-

tives.
It is not my job to worry about cost.

5
We always try to Improve quality 

and productivity. 
We just want to get our work done.

6 We have a good training programme. We do not have a training programme.

7 We have a lot of great leaders. The top man rules.

8 Fear is not a part of our workplace. A lot of us are afraid of making mistakes.

9
We break down barriers when we 

find them.
When we meet a barrier we stop.

10 We focus on what is important. We get confused a lot.

11 We lead by example. Our leaders say one thing and do another.

12 We are proud of our work. We just want to get our pay and go home.

13
We try to improve our organization 

and ourselves all the time.
It doesn’t matter if I improve or not.

14 Everyone here participates. A few people run things here.

scoring

Total Answers in each column

You may use your answers for to find ways 

to improve. If you score less than 50, 

please consider doing this.

Times 5 4 3 2 1

Equals

Sum of numbers in previous row

Perfect Score is 70
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Chapter 46 

Serving the Poor    

I. BASIC CONCEPTS  

Imagine you are a woman living in a city slum in Af-
rica. Your husband is dying of AIDS. You have 5 chil-
dren; the eldest two dropped out of school to work. 
Your nearest water source is a public standpost 1 kilo-
metre away, used by 500 households. The water is not 
clean; the area around the stand post is always flooded, 
full of mosquitoes and flies. 

Often you leave your children at home alone to collect 
water, only to find that the standpost is dry. You walk 
home, buy water from a private water vendor at a very 
high price. You use so much of your meagre income for 
water.  You pay more for water than a rich family who 
gets piped water from the city utility. 

Imagine you have to defecate in a dirty communal la-
trine. Imagine your sister was attacked one night when 
she went to defecate in the communal latrine. You do 
not dare defecate or collect water at night because it’s 
not safe. 

Does this sound unusual? 
Unfortunately, it is not. 894 million people worldwide 
do not have water in their homes. If they have, it is often 
not clean. 2.5 billion people lack on-site sanitation[2]. 

This lack of basic human services contributes to the en-
trapment of the poor in a cycle of poverty partly because 
disease prevents them from taking advantage of eco-
nomic opportunities.  

There are roles that water utilities can play to improve 
service to the poor, working hand-in-hand with govern-
ment. Usually water utilities are not social service agen-
cies so they are not equipped to decide who is poor and 
who is not. That is more the role of government. Once 
these distinctions are made, however, the utility can help 
to provide the services.

A. What is Service to the Poor? 

Every person on the planet needs adequate amounts of 
clean water and sanitation for good health. With good 
health, we can work, we can take care of our families, 
and we can go to school. We can earn money through 
our small businesses such as restaurants, schools, shops 
and local industries. 

Service to the poor means providing access to clean 

water and sanitation for everyone, regardless of in-

come or socio-economic status. 

46

“The best measure of good water supply  
services in a city is 24-hour piped supply  

to the home.”[1] 
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Utilities and governments around the world are im-
plementing a variety of “pro-poor policies and pro-
grammes” to expand services. The challenge is to pro-
vide services to all on an economically sound and sus-
tainable basis. 

In 2010 the UN General Assembly declared that access 
to safe water and sanitation is a human right. Govern-
ments and water utilities have a responsibility to pro-
vide this right.

2010 – UN Human Rights Council

“… the human right to safe drinking water and 

sanitation is derived from the right to an ade-

quate standard of living and inextricably related 

to the right to the highest attainable standard of 

physical and mental health, as well as the right 

to life and human dignity”.

B. The Importance of Service to the Poor 
 

Poor families often pay more for water than rich fam-
ilies. In some countries, there is an increasing block 
tariff, designed to help the poor. These do not always 
work: since many low-income households include more 
people, they use more water and thus pay for water at a 
higher tariff level.  

Many urban poor families pay more than the rich be-
cause their only source of water is from private water 
vendors. When urban services are extended to them, 
they are willing and able to pay because it can actually 
lower their costs. 

Vendors charge high prices for several reasons. Vendors 
need to make a profit – whether they have a small sys-
tem of their own or are re-selling water purchased from 
official suppliers. Or sometimes they are just taking ad-
vantage of the situation – they are the only supplier so 
they can charge high prices.

The poor sometimes also have to buy bottled water 
if they cannot get clean utility-provided water to drink.

Even where the poor can get access, connection fees are 
often a huge part of their family income. A family can-
not get an official connection if they do not own title 
to the land – especially if they are living illegally in 
“squatter areas”. In Zambia, for example, the cost for a 
house connection is often the same as two months in-
come for a poor family.

Women and girls bear a heavy burden where they do 
not get regular piped water at the household. Collecting 
water takes up a good part of their day, and carrying it 
is a heavy physical burden, especially for young girls. 
The time needed keeps women from being able to gen-
erate income, and girls from attending school. Collect-
ing water or using public sanitation facilities at night is 
dangerous; women have been violently attacked. 

Why are there so many people in urban areas still 
without adequate access? 

Is it really impossible to provide clean water and  
adequate sanitation?

Decision makers at utility and government level often 
tell us it is impossible. They say “we need external fund-
ing”; “the poor will not or can not pay for services”; “we 
have to have intermittent supply because there is a water 
shortage”; it is a social welfare problem, not a problem 
of utility management”; “if we reduce leakage to 20% it 
is enough, it is not worth trying to reduce it more”.[3]

In actual fact, it is a challenge, but it is not impossible 
to provide services for the poor. Serving the poor can 
bring more customers, which can in the long run in-
crease revenues. 

There are many examples worldwide where utilities 
have provided water to the urban poor even under con-
ditions of water shortages, lack of external funding, and 
even lack of government support. 

C.  Building Blocks 

Providing service to all is easiest with a supportive ena-
bling environment based on government policies, reg-
ulations and good operational management by water 
utilities.

IV_46_fin_dh.indd   2 14.01.13   20:12
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1. Enabling Environment
Under the enabling environment, government policies, 
regulations and overarching principles provide guide-
lines for utilities and a monitoring framework. 

Social welfare policies identify the poor, determine 
what services they are entitled to, and encourage or 
mandate service providers to provide them with serv-
ices. Utilities do not have the ability or mandate to de-
termine who is poor but they do have the responsibil-
ity to know who is connected and who is not; and for 
those not connected to know their source of water. 

A regulatory body sets and monitors utility perform-
ance targets. This can be a Ministry of Water, or sepa-
rate regulatory commission. If regulators include “serv-
ice to the poor” as a performance target by which they 
measure utilities, it will send a clear message that serv-
ice for the poor is not only a priority, but a necessity. 
Regulators and utilities need to operate with transpar-
ency, communicating with their customers about tar-
iffs, service plans and programmes, water quality tar-
gets, and other operational matters.

The Spice in the Salad

In Zambia, volunteer consumer groups known as Water 

Watch Groups have been established by the regulator 

NWASCO to enhance transparency and accountability 

in Water Supply and Sanitation issues.[4]  

Although utilities can sometimes influence tariff poli-
cies, in most cases these are set by government or regu-
latory bodies. Increasing the tariff increases revenues, 
providing more resources for investment to provide 
water for the poor - a virtuous cycle. Even if there is no 
tariff increase, providing service to the poor and charg-
ing them for it can increase revenues.

In Manila, the unconnected poor once demonstrated 

for an increase in the tariff because they knew that 

was the only way there would be funds to get them 

connected. 

There is much controversy over the subject of tariffs, 
what works, what does not. Each situation is different. 

Utilities and regulators need to work together to analyse 
the effectiveness of current tariff policy on the poor, on 
sound utility management, and on water conservation. 

Pro-poor policies vary from country to country, often 
based on the country’s official signature on the UN 
Declaration of water as a human right. In South Afri-
ca, for example, the water utility, by law, provides every 
household, regardless of income or size, with a free 
monthly allocation of 6 m3 of water.

Government policies and regulations can help or 
hinder water utilities in providing service to the poor.  
For example, in Zimbabwe, where there are frequent 
power cuts, the government agreed to put water sup-
plies on the “emergency list”. This means that when 
there is no electricity, water supply continues. This in-
creases consumer confidence and willingness to pay 
water bills for regular water supply.

Most countries already have sound pro-poor policies in 
place but some do not implement them effectively. Util-
ity officials can be passive, waiting for government to 
tell them “serve the poor”. Or they can be proactive, set-
ting up programmes to increase service to the poor while 
working with the government to improve pro-poor poli-
cies. 

2. What can Utilities do?
As a utility manager, do you throw up your hands and 
say “Well, it is up to the government to worry about 
poor people?” Or “The government will not allow me 
to increase my tariff, so my hands are tied.” 

Utilities have varying degrees of influence on policies; 
but it is their job to put policies into practice. Even 
without a “perfect” enabling environment, which will 
never exist, there are many actions a utility manager 
can take to serve the poor. 

The utility manager controls utility management proc-
esses:
  Financial and technical management: You can 

save costs, save water, and provide services to more 
households and businesses.  

  Customer relationships: you can build the rela-
tionship and confidence between your company 
and your customers.

IV_46_fin_dh.indd   3 14.01.13   20:12
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  Your employees: You can develop your employees 
as your greatest asset in working with customers, 
old and new.

  Distribution: You can extend your network and 
hours of supply, striving for 24 hours a day, 7 days 
a week service (24/7).

  Billing and collection: You can develop easier and 
creative approaches for payments and new connec-
tions.

Better management means improved water efficien-
cy. This means more money and water available to ex-
tend services.  

“There is no such thing as economic water 
scarcity, only political water scarcity.”

Ek Sonn Chan, PPWA[5] 

The Phnom Penh Water Supply Authority, between 

1993 and 2009, increased the number of connec-

tions seven-fold, NRW went from 73% to 6%; col-

lection efficiency rose from 48% to 99.9%; reve-

nues increased from $300,000 to $25 million, with 

an $8 million operating surplus. The PPWA con-

ducted a major management reform and worked 

with government to improve the enabling environ-

ment through tariff reforms, donor support and im-

proved regulation. Internal reforms improved over-

all management, reducing NRW, improving opera-

tional production and supply costs.

Good management means good communication – with 
your staff, with your customers (Please refer to the pub-
lic involvement chapter). A utility with a deliberate 
strategy to communicate with and involve customers, 
especially in poorer unserved areas, will establish trust 
with its customers. Trust provides the basis to work 
with customers to develop creative approaches to pro-
vide service to the poor.

When you have the building blocks in place, what do 
you do next to implement changes?

Everyone says “water is a human right” – but that does 
not mean that is has to be free. So, the utility needs to 
figure out how to provide it at a reasonable and afforda-
ble cost, and how to make sure the consumer will pay. 

In Bangalore, India the utility set up a special unit 

solely responsible for connecting the urban poor. It 

was very successful.

First, you need to know what you are dealing with - 
what questions to ask, where to start. Find out: 
  Which areas do not have access?
  Where do the people in these areas get their water 

now? 
  How much do they pay for water now?

Engage the local community in gathering this informa-
tion – either directly or through a local Non-Govern-
ment Organization (NGO). Work with poor commu-
nities – discuss with them, listen to them, understand 
their needs and provide for them. 

You will be surprised, sometimes, at how much people 
are willing to pay and how much they are willing to con-
tribute in other ways. Make sure you consult the women 
– they are the ones managing household water and sani-
tation – and often manage the household funds, too.

What are some practical and creative ways 
 to increase services? 

Depending on the country context – water availability, 
income, political environment, etc., here are some things 
you can do:
  If you have any control over tariff, develop a system 

that is equitable while not damaging service levels.
  Establish more public water points – then, at least 

people will walk less and not have to wait as long. 
  Sell water from public standposts at a cheaper rate 

than water supplied at household level. 
  Establish a public water point in someone’s home 

(subsidized, or owner pays fully). He or she keeps 
it clean and working and charges his neighbours a 
small regulated amount for water.

  Subsidize house connections instead of water tariffs. 
Be creative about financing. Establish payment plans. 
Work with NGOs. Ask the private sector to sponsor 
a number of households. Or ask companies to make 
it part of their Corporate Social Responsibility pro-
grammes. 

  Promote use of improved latrines or other appropri-
ate sanitation. Use a business approach. Many house-
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holds are willing to pay small fees for clean, safe la-
trines. For example, Water for the Poor’s Sanitation 
for Business Project “combines profit incentives for 
small local companies with income generation pro-
grammes for poor households…(this demonstrates) 
a shift from unsustainable, subsidy-based sanitation 
toward sustainable, profitable sanitation services.”[6]

  Provide sanitation services in institutions and pub-
lic places.

  Educate your customers. Make sure the poor under-
stand the tariff system - e.g. increasing block - and 
how they can use it to manage what they pay. Alert 
them to water conservation measures.

  Consult with private water vendors. Consider work-
ing with them instead of seeing them as a stum-
bling block towards providing for the poor. Partner 
with them by providing water to licensed vendors at 
regulated prices or employ the water sellers them-
selves to maintain a low price.  

  Provide education on sanitation and hygiene to 
complement improved water and sanitation services. 

  Meter all customers so they pay according to what 
they consume. 

  Monitor impact – develop indicators for serving the 
poor. For example, the NWASCO in Zambia pro-
duces annual urban and peri-urban water sector 
performance reports.[7] 

  Do not neglect water management within house-
holds with piped supplies. Post-meter losses and 
water quality deterioration in the home can be sub-
stantial. Provide water audit services at cost, identi-
fying water losses and contamination points. Work 
with customers and non-governmental organiza-
tions (NGOs) to approach donors for funding for 
household plumbing improvements. 

  Devise innovative revenue collection mechanisms. 
Lump sum and/or pre-paid collection systems may 
disadvantage the poor. Some consumers may find it 
easier to pay small sums weekly or daily. For exam-
ple, Nkana Water and Sewerage Company in Zam-
bia has a pro-poor collection strategy, where cus-
tomers pay K1000 daily, which adds up to a full 
monthly payment of K30,000.

  Raise external funding. Water and sanitation is be-
coming more prominent as a human rights issue.

  Investigate alternative means of financing capital 
improvements, including “micro-private sector par-
ticipation (PSP)” contracts. 

Micro-PSP and Output Based Aid in Yemen

In Yemen, only 56% of urban residents have piped 

water in their homes. Most buy water from private 

tanker operators at 10 times the price of piped water. 

Under a new project funded by the Global Partner-

ship on Output-Based Aid, private sector operators 

will take on the operational and financial risks for 

such outputs as: new or rehabilitated water supply 

schemes, installing domestic connections and deliv-

ering water for a period of 3 months. The project ad-

ministrators will pay the private operators only after 

the agreed upon outputs have been delivered and 

verified. Households will pay 50% of the connection 

fees, with the remaining paid in installments.[8] 

D. Special Considerations      

Independent water providers provide supplemental or 
sole source water supplies to the poor in many coun-
tries. While providing a service, they also can exploit 
the poor if not properly monitored. In addition, they 
can be a hindrance to any utility programme which 
seeks to take away their customers. 

Providers can be: water tanker operators, kiosk oper-
ators, household resellers, door-to-door water sellers, 
small borehole owners (legal and illegal), and private 
piped water suppliers. 

They often have a strong influence at the local level, 
supported by local business leaders. Thus, they can be 
in a position to sabotage – physically or economically – 
any pro-poor project of a utility.

Engage these providers in the early stages of any pro-
poor programme. Consult with them to obtain their 
input on new services. Keep them informed. Devel-
op creative ways to keep them involved. They can pro-
vide water in unserved areas, provide water in any areas 
when utility services are short or unavailable for a pe-
riod of time, and can also help to provide hygiene and 
health education. Encourage them to extend their serv-
ices to sanitation in areas where there is no household 
sanitation. 
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In Zambia, the regulatory body, the National Water 
Supply and Sanitation Council (NWASCO) regulates 
water kiosks. Water kiosks deliver safe and reliable water 
at affordable prices to residents of low-income areas. 
They supply water within 5 minutes walk of households 
at a fixed price which is the same as the lowest price 
charged for water supplied through a household con-
nection. The kiosk must display the water tariff. It also 
provides space to display public health information (see 
chapters on Public Involvement and HIV/AIDS). Ki-
osks have shelves which display other goods for sale such 
as soap, condoms, small grocery items, providing an ad-
ditional source of income for kiosk operators. 50% of 
water kiosk operators are women.[9]  As of January 2011, 
800,000 Zambians (7 % of the population) rely on ki-
osks for their water supply. 

II. ANAlYSIS  

Ask yourself:
  Are there a large percentage of households in my 

service area that still do not have water and sanita-
tion services?

  Is the connection fee a barrier to the poor connect-
ing to the utility piped supply?

  Do many consumers not pay their bills? In which 
areas (poor, low service, or high service areas, or 
both)?

  Is water supply intermittent? If so, do households 
have adequate storage so they do not need to buy 
from private vendors? Are their storage tanks a 
health risk? 

  Do many consumers get water from private ven-
dors? Are they getting dirty water, causing them 
health problems?

  Do we have defecation in the open or in unclean fa-
cilities in many areas of the city?

If you have answered “yes” to most of these questions, 
then you may reap benefits by developing and imple-
menting a plan to improve service to the poor.

If you need to obtain more detailed information for 
planning, you can work with an NGO or university to 
commission “participatory research” which will help 

you to determine how best to improve service levels. 
Research can be conducted with and for the communi-
ty, and the researcher can make sure that the communi-
ty knows the utility is supporting the research. This will 
help to establish trust with future customers.

Share results of the research with the community, ask 
for feedback and put the results on your utility website. 
Monitor results periodically and report those results to 
the community.

Most importantly, engage the community and civil so-
ciety in the process – this may be the first level of con-
tact with the un-served community and is the basis 
for public involvement in planning and establishing 
improved service levels. For example, in Ghana, the 
Ghana Water and Sewerage Corporation conducts a 
Social Infrastructure Audit in communities to identi-
fy needs. In one case, priorities were listed as: (1) drain-
age, (2) sanitation, (3) waste disposal, (4) water supply. 
Armed with this information, the utility then proceed-
ed to provide services in the order of importance to the 
community.[10] 

III.  ExAMPlES        

Zambia

In Zambia, each utility has a designated service area in 
which they are licensed to operate. These areas have a 
mixture of both rich and poor people. The utility has 
no choice but to cover everyone in their service area.

The Water Supply and Sanitation Act No. 28 of 1997 
provides for the creation of a basket fund to assist utili-
ties with the initial service extension costs for provid-
ing water supply and sanitation.  The government is-
sued a statutory instrument (SI) No. 50 of 2001 for the 
establishment of a Devolution Trust fund (DTF) under 
NWASCO. The DTF was created in 2003 as a basket 
fund specifically designed to assist utilities extend WSS 
services to the poor. The DTF operates autonomous-
ly from the regulator. Since its establishment, the DTF 
has raised about US$14 million in donor funding which 
has been used to provide WSS services to 609,210 poor 
people throughout Zambia’s peri-urban areas[11]. 
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Cambodia

In the Phnom Penh Water Authority (PPWA), manage-
ment reforms increased the water supply available. The 
government also supported the PPWA in making eve-
ryone pay. Everyone who previously got away with not 
paying bills was required to pay. This increased PPWA 
revenues. Then the PPWA initiated a campaign called 
Clean Water for the Poor. PPWA worked with elected 
community representatives who bought water and then 
resold it to their communities. 

Upon receiving external funding, the PPWA estab-
lished a programme of subsidies and instalment pay-
ments for direct household connections. Customers re-
ceived subsidized connection fees which could be paid 
on site (instead of in the main office). They paid in 
10-20 month instalments with low interest. 

Poor households now save between $31 and $91 for 
the cost of a new household connection, and there is a 
steady increase in the number of poor households con-
nected directly to PPWA supplies.

In areas where the utility has not yet provided access 
to water, it sells water at a regulated price for resale to 
“whole-sellers” who are licensed water vendors. 

Philippines

The utility manager of Bilibago Waterworks systems in 
the Philippines increased water supply in a rural area 
using a simple approach which can also work in urban 
areas. He simply visited leaders and citizens of outly-
ing towns and villages and asked if they would like to 
have a piped water supply. He showed them the regu-
lator’s schedule of tariffs, and then if they want piped 
water and were prepared to pay for it, they got it. The 
visit by the utility manager provided potential custom-
ers the confidence that they would really get what he 
was offering.[12] 

Kenya

Appendix B includes a case study on Pro-Poor Water 
Sector Reform in Kenya. 

IV.  lESSONS lEARNED     

Listen to the poor. Do not assume you know their 
needs. Keep them informed. When dealing with all 
customers (and potential customers) successful water 
utilities keep open lines of communication.

Do not just listen – ask for their involvement, include 
them in your planning. Find out from the communi-
ty what sort of service they prefer and are willing to pay 
for. Provide them with all information including cost of 
putting up the various options.

It is difficult to identify and target the poor. Govern-
ment is responsible for defining who the poor are. Util-
ities can, however, work with government and NGOs 
to help identify the poor and ensure they benefit from 
pro-poor policies. Local community leaders are also in a 
good position to help identify the poor.

The poor are viable customers - but avoid subsidizing 
them through water bills. The connection fee is the bet-
ter place. The poor must be sensitised on the tariff sys-
tem and how it can benefit them. The poor should be 
allowed to pay in instalments, in cash or even in some 
cases, in kind.

V. TAKING ACTION     

Study the Needs of the Poor

What information would help you in planning a pro-
gramme for the poor? If you are able to team up with 
an NGO or obtain donor financing for a comprehensive 
study, you can delve deeper into questions such as cus-
tomer ability and willingness to pay, alternative financ-
ing, etc. 

Attachment A provides a checklist of topics which 
might be covered in a detailed survey. 
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Serving the Poor Action Checklist

  Conduct analysis of present situation, including 

key stakeholders, use this to develop practical 

solutions (policy and utility levels).

  list pros and cons of each option for improving 

service – focus on those the utility can imple-

ment.

  Engage community, civil society and small scale 

water providers and sanitation sector in analy-

sis and planning.

  Engage policy-makers on issues needing policy 

changes.

  Review utility business and strategic plans to 

incorporate recommendations from analysis.

  Communicate with stakeholders at all levels on 

all steps – let everyone know that pro-poor is a 

utility priority.

  Explore innovative solutions to financing and 

engaging existing vendors.

  Develop and implement action plans. Review 

yearly and report progress to all stakeholders.
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Attachment A

In-depth Study for Service to the Poor

Data to gather:

  Service levels at local level – real, not planned
  Potential and existing customer ability and willingness to pay 
  Existing mechanisms (NGOs, civil society) for the poor to express their opinion and be in-

volved in planning 
  Existing attitude, priorities and confidence in the water utility
  Data on tariffs, spending, water consumption among poor households – those connected to 

utility, and those using private water supplies
  Economic conditions of occupants of unserved areas.
  Who else is providing water? Learn about them. What they provide in terms of quality, quanti-

ties and costs? How can they be included in any future plans so they do not sabotage it and can 
fill in areas where utility does not yet reach? These could include:
›  Water utility partnerships
›  Resellers
›  Carters and water carriers
›  Tankers
›  Private piped networks
›  Individual household with water point in home
›  Other informal mechanisms (neighbours, local businesses, etc.)
›  Non-governmental organisations

  Are there more water-borne and sanitation related diseases in areas where people have inade-
quate water and sanitation? (This requires more in-depth research by health experts, but this in-
formation can help with obtaining donor funding for projects).

Research Checklist
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Attachment B

Kenya: Pro-Poor Water Sector Reform

The promotion of “informal” water and sanitation serv-
ices in low income urban areas is often described as 
“successful private sector participation” or “communi-
ty management”, but does not provide adequate services 
which are the legal responsibility of urban water utili-
ties. These local systems have several disadvantages:
  The costs of providing water are often higher than 

in larger scale systems which benefit from econo-
mies of scale.

  They cannot attract and retain professional person-
nel to operate them.

  They are prone to take-over by gangs and cartels 
once donors dis-engage.

  They often use ground or surface water resources 
without proper treatment.

  Informal service providers cannot fulfil minimum 
standards, such as water quality testing, reporting, 
etc.

Small scale informal systems have not helped to prevent 
or ease the growing water and sanitation crisis. “Delega-
tion” often makes it too easy for the utilities to remain 
disengaged in regards to the urban poor. 

Reforms in Kenya were instituted to ensure a pro-poor 
and human rights based approach to water services. They 
are integrated in the national water strategy, which in-
cludes separated management of water resources manage-
ment from water service provision and a focus on public 
involvement, including:
  Training on sector reform policies and strategies for 

personnel of 17 new sector institutions.
  Water services have been commercialized (not pri-

vatized) through the establishment of autonomous 
publicly-owned private companies managed on a 
commercial basis.

  The Water Services Regulator (WASREB) enforc-
es regulations and produces publicly available an-
nual Impact Reports which compare performance 

of water companies and the Water Services Board. 
This provides “surrogate competition” which puts 
pressure on the water service providers to continual-
ly improve service delivery.

  Newly established Water Action groups provide a 
strong voice to consumers, including the unders-
erved.

  The Water Services Trust Fund helps provide access 
to an additional 400,000 people per year – a rate 
which outstrips annual population growth.

  The Water Resources Management Authority  
(WRMA) involves users in managing water re-
sources within their catchment areas, regulating 
water flow.

Results

The implementation of the above reform measures has 
improved and increased services to all, including the 
poor, while also protecting water resources. Specific im-
provements include:
  Increased river flows due to the improved resource 

management by the WRMA and stakeholders.
  Better performance and service levels, including in-

creased access to water (see Figure 1).
  Consumers are more involved in improving water 

through increased awareness and enhanced partici-
pation.

  The reforms have encouraged government and de-
velopment partners to provide more financial re-
sources for the water sector.

What is Still Needed?

The government commissioned a perceptions survey 
to gauge the progress of reforms and better understand 
customer priorities. The survey helps the government 
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and service providers adjust their plans and direction to 
serve their customers. Some key results include:

  The majority of Kenyans (59%) are satisfied with 
the provision of water and sewerage services.

  Half of the respondents feel services are better now 
than before.

  Of those receiving piped water in urban areas, 63% 
access it within their compound or the plot of the 
main house and 20% receive water within 100 me-
ters of their home.

  A majority of respondents perceive that the water 
received from water kiosks is clean (66%) and af-
fordable (62%). 

  Overall, seven in ten urban water users have seen 
positive changes in the way water is managed since 
decentralization and commercialization. 

  Decentralization and commercialization of water 
and sewerage services has improved key aspects of 
water services, e.g. quality, availability and afford-
ability. Approximately six in ten people stated that 
water is affordable, 68% feel quality of water has 
improved while 56% indicated they spend less on 
water. 

  Key challenges still facing consumers are: water ra-
tioning and shortages, poor sewerage systems and 
what consumers consider to be high water bills.

Overall, respondents were positive about reforms, 
pointing out that achievements in provision of water 
and sewerage services include: better and quality service 

delivery; availability of clean and quality water; afford-
able water and less/reduced shortages. In Narobi and a 
few other cities, however, a large majority were not con-
tent with water pricing. This may be due to the fact that 
a large number of consumers obtain water from vendors 
in these areas. In Nyeri, satisfaction is greater, perhaps 
due to a stronger water governance structure which em-
phasize pro-poor water provision.  

Despite clear indications that the reform is working,  
gaining speed and having positive results on the 
ground, there is still an urgent need to raise the profile 
of sanitation since progress on sanitation coverage has 
been much slower.
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Fig. 1: Sector reforms has reversed decline in water 
access (%) for urban settings (data from WASREB, the 
sector regulator)
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Chapter 47 

Non-Revenue Water 
Management 

I. BASIC CONCEPTS  

A. Urgency for Action in Water Management

Water is vital for human survival, health and digni-
ty and it is a fundamental resource for human and eco-
nomic development.

The reasons for urgency for action are:
 Increasing competition for and conflicts over the 

limited freshwater resource due to growth in popu-
lation, increased economic activity and improved 
standards of living.

 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 ex-
perience medium to high water stress.

 Pollution is further aggravating water scarcity by re-
ducing water usability downstream.

 Climate change is affecting water resources.

All of these challenges emphasize the need for efficient 
use of water resources and reducing water losses.  Yet, 
in many countries, utilities are not able to account for 
large portions of the water they deliver – in some plac-
es even above 50%. Not only is this a cause for concern 

in terms of water resources – but it also affects a utility’s 
ability to earn revenues to support financial sustainabil-
ity and control expenses. This chapter refers to the lost 
water as Non-Revenue Water (NRW).

NRW consists of two major components:
 Physical losses when water leaks from the system 
 Administrative losses when water is not billed

At the water utility level, the challenges[2] of reducing 
NRW are best expressed by a vicious cycle: a utility has 
high NRW which means it has lower revenues, which 
means it does not have funding to fix the problems that 
cause NRW and NRW increases. 

47

“Expanding water networks without addressing 
water losses will only lead to a cycle of waste and 

inefficiency. Also, a high rate of NRW is closely 
related to poor energy efficiency, since water 

transported in networks is “loaded” with energy 
through the distribution and treatment processes. 
Therefore, reducing NRW is important to overall 
efficiency and financial sustainability, since it 

provides additional revenues and reduces costs.”[1] 

NRW increases

Operational budget are 
reduced in areas of 

network maintenance.

Revenue decrease  
and operational cost 

increases.

Expenditure is concentrated 
on meeting increasing  

customer demand.

Vicious Cycle of NRW
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There are various challenges that contribute the vicious 
cycle, including:
 Denial: The water utility denies the effects of NRW, 

reasons like, “we meet the norm or standard NRW 
figures, so there is no problem”.

 Illegal consumption: Utilities think that NRW is 
mostly illegal connections resulting in unknown 
consumption.

 Network age: The water network and associated sys-
tems need total replacement as they are very old.

 Political interference: Politicians don’t allow discon-
nection for non-payment.

 New installations are easier: Network capacity or 
expansion is politically more important than reha-
bilitation. 

 Skills competence: Our utility does not have the 
right kind of staff.

 Intermittent/rationed supply: Keeps water losses low.

Water Balance

System

Input

Volume

(cor-

rect-

ed for 

known 

errors)

Author-

ized

Con-

sump-

tion

Billed au-

thorized 

consump-

tion

Billed metered con-

sumption (including 

water exported)

Rev-

enue 

water
Billed unmetered

consumption

Unbilled

authorized 

consump-

tion

Unbilled metered

consumption

Non-

Rev-

enue 

Water

(NRW)

Unbilled unmetered 

consumption

Water

Losses

Commercial 

(apparent) 

Losses

Unauthorized  

consumption

Customer Meter-

ing Inaccuracies and 

Data Handling Errors

Physical 

(real)

Losses

Leakage on trans-

mission and/or

distribution Mains

Leakage and over-

flows at utility’s 

storage tanks

Leakage on serv-

ice connections up 

to point of customer 

metering

In order to address the situation of high NRW and 
achieve required efficiencies, the water utility needs to 
operate on a virtuous cycle in which NRW declines, 
revenues increase, the utility has funding to invest 
in system improvements and network extension and 
NRW declines further.

B. NRW Management and Its Importance  
 

NRW Management consists of knowing what is hap-
pening with the water supplied and taking corrective 
action to reduce water or revenue loss. 

NRW Management offers the following benefits:
 Sustains water supplies and increases protection of 

potable water supply
 Reduces energy and treatment chemicals costs
 Reduces water treatment and pumping costs
 Reduces wastewater treatment costs
 Defers capital expenditures
 Reduces damage to infrastructure
 Improve systems hydraulics and utility efficiency
 Reduces unauthorized usage
 Reduces potential claims due to water damage
 improves public awareness of water’s value
 Improves environmental protection.

C. The Water Balance

The first step in NRW Management is to understand 
what happens to the water once it enters the network, Figure 2: IWA standard international water balance & terminology

NRW decreases.

Revenue increases  
and operational costs 

decreases.

Investments are made 
in further NRW reduc-

tion programmes.

Expenditure increased to  
include operational.

Virtuous Cycle of NRW
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using the correct performance indicators. The concept 
is based on the work of the IWA Water Loss Task Force 
(WLTF). 

Drawing on best practice from many countries, the 
IWA WLTF produced an international ‘best practice’ 
standard approach for water balance calculations with 
definitions of terms. Figure 2 shows the IWA standard 
international water balance and terminology[3].

Establishing an accurate water balance is essential to 
the design of an NRW reduction strategy. The first 
step is to prepare the baseline showing current levels of 
water losses. This is done by carrying out a water audit.  

Sometimes even the most basic information, such as 
system input volume, average pressure or the number of 
service connections, is not available. The process of cal-
culating each of the water balance components will re-
veal such deficiencies. Utility management should then 
take corrective action to close these data gaps and im-
prove data quality. Using incomplete or inaccurate data 
for the water balance calculation will not produce use-
ful results.

Conducting a water balance analysis starts with gather-
ing the following information:
 System input volume
 Billed consumption
 Unbilled consumption
 Unauthorized consumption
 Customer metering inaccuracies and data handling 

errors
 Network data
 Length of transmission mains, distribution mains 

and service connections
 Number of registered connections
 Estimated number of illegal connections
 Average pressure
 Historic burst data
 Level of supply service (24-hour, intermittent, etc.)

Although the water balance is an important tool, lack of 
data can make it difficult to quantify commercial losses 
and to pinpoint the nature and location of physical loss-
es. However, the water balance can be improved by:
 Identifying data gaps and taking corrective action
 Metering all supply and consumer connections

 Calibrating all meters for accuracy and reading as 
scheduled

 Putting in place proper meter management
 Analysing physical loss components, using network 

information
 Applying the District Meter Area (DMA) approach 

in which leakage is determined after analyses of 
night flows into one isolated zone. This allows the 
utility to identify the sources of the water loss

The Caretaker Approach and Distribution System 
Zones

A caretaker is appointed to be responsible for all 

water supply activities within a given zone. … The 

caretaker will report to an O&M supervisor at a 

nearby maintenance depot… The caretaker is ex-

pected to develop a friendly relationship with the 

people living in the zone and will”[4] take actions to 

manage the zone that include reporting results, in-

teracting with customers, reporting leaks and re-

sults, metering all customers.

D. Reducing Commercial Losses

Commercial losses, sometimes called ‘apparent losses’, 
include water that is consumed but not paid for by the 
user. Reducing commercial losses can often be accom-
plished quickly and effectively.

Commercial losses often occur due to:
 Meter reading errors
 Meter under-registration
 Water theft
 Water accounting errors
 Errors in customer information

Techniques for reducing such losses follow.
 
1. Meter Reading Errors
Meter reading errors can occur because of incompetent 
or inexperienced meter readers, meters that are difficult 
to read or corruption.  

Training and motivating meter readers to record and re-
port accurate information is essential. Then, rotating 
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meter reading routes, close supervision and spot checks 
can also help to improve the accuracy of readings, espe-
cially if used along with hand held data loggers.

Modern metering and billing systems such as Automat-
ed Meter Reading (AMR) not only prevent inaccurate 
readings but can also pin-point areas for attention. 

Impact of Meter Readers

Because meter readers are the utility’s frontline  

in liaising with customers, their activities have an  

immediate impact on cash flow

2. Meter Under-Registration
Inaccurate meters tend to under-register water con-
sumption which leads to reduced revenue. Meters sel-
dom over-register consumption. Steps that a utility can 
take to prevent or minimize under-registration are:

• Choose meters that are known for quality and du-
rability.

• Choose the right size meter for the customer flow:  
meters that are too large may not register all of the 
flow.

• Install meters according to manufacturer specifi-
cations in convenient locations.

• Regularly monitor water quality and clean me-
chanical meters to promote accurate meter meas-
urements.

• Avoid intermittent supply.
• Replace meters systematically, beginning with the 

oldest meters and those in the worst condition. 
The replacement period is usually between 8 and 
10 years.

An initial focus on large customers, such as industri-
al or commercial users, may provide significant benefits 
since they consume a larger volume of water and often 
pay a higher tariff. 

Use the appropriate class of meter

• Class B meters are a good choice where water 

quality is low as sediments will not greatly af-

fect 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.

• Class C meters are a suitable compromise in 

most situations, since they can measure low 

flows better than Class B meters and are not 

as expensive as Class D meters.

Use the right type of meter

• Positive displacement (PD) meters (15 mm and 

20 mm) are commonly used for domestic and 

small commercial installations. 

• Single-jet and multi-jet meters are more ac-

curate for small commercial and industrial in-

stallations that require 20 mm to 50 mm sizes.

• Electromagnetic meters are the best choice for 

sizes 100 mm and above.

3. Water Theft
People steal water primarily by making an illegal con-
nection to the network or tampering with the meter.  
Techniques to reduce water theft include:
• Use tamper resistant meters
• Remove meter by-passes
• Find and reduce illegal connections
• Use seals that indicate tampering has occurred
• Prevent illegal use of fire hydrants

4. Water Accounting Errors
The success of meter reading, billing and collecting de-
pends on accuracy, check and balances and diligence.  
The goal is to ensure that:
• All people who use water are connected and in the 

utility’s information system
• Usage is metered accurately
• Meter readings result in accurate bills to custom-

ers
• Billed amounts are collected on a timely basis
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At any step in this process, inaccuracies or errors will 
result in NRW. Steps to improve accuracy and elimi-
nate error are:
• Conduct customer surveys to make sure that every 

user is a registered customer and that the utility’s 
records are accurate as to address, name of owner, 
customer number and meter information.

• In areas of suspected high commercial losses ana-
lyse flows to pinpoint problem areas.

• For each billing cycle, compare the usage metered 
to the usage billed.

• Ensure that all billed amounts are collected.

A robust billing database is one of the key elements of 
minimizing accounting errors. State-of-the-art billing 
software has built-in analysis functions that can iden-
tify potential data handling errors or zero readings and 
report them for verification.

Checks and Balances

If the same people are in charge of metering, bill-

ing and collection, there is an opportunity for cor-

ruption. Divide the responsibilities and monitor to 

make sure that amounts metered, billed and col-

lected match.

E. Understanding and Estimation of  
  Physical Losses

1. Reasons for Physical Losses
The three main components of physical losses include:

(a) Leakage from Transmission and Distribution Mains

While large leaks or bursts are usually visible, smaller 
leaks can exist for a long time before they are located – 
and they can result in significant water losses. 

It is possible to estimate the amount of leakage by using 
repair records to identify the number of leaks in the last 
year and then multiply by an estimated flow rate. 

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 1.

Table 1: Flow rates for reported and unreported bursts

Location of 

Burst

Flow Rate for 

Reported Bursts 

[l/hour/m pres-

sure]

Flow Rate for 

Unreported 

Bursts [l/hour/m 

pressure]

Mains 240 120

Service connec-

tion

32 32

Source: IWA Water Loss Task Force

Background losses are individual events (i.e. small leaks 
and weeping joints) that flow at rates too low for detec-
tion by an active leak detection survey.

Table 2 shows background losses from various compo-
nents of the network with average infrastructure con-
dition.

Table 2: Calculating background losses

Location of Burst Liters Unit of Measure

Mains 9.6 Liters per km of 

mains per day per 

meter of pressure

Service connection: 

mains to property 

boundary

0.6 Liters per service 

connection per day 

per meter of pressure

Service connection: 

property boundary to 

customer meter

16.0 Liters per km of 

service connection 

per day per meter of 

pressure

Source: IWA Water Loss Task Force
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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 ex-
cess losses, the assumptions for the physical loss 
component analysis (e.g. values for leak durations) 
should be rechecked, and if necessary, corrected.

• If the value is still negative after rechecking the as-
sumptions, this indicates that faulty data was used 
in the water balance calculation. For example, 
utility managers may have underestimated system 
input or overestimated commercial losses. 

(b) Leakage and Overflows from the Utility’s  
Reservoirs and Storage Tanks

This leakage is easily quantified because most overflows 
occur at night when demands are low, making it essen-
tial to undertake regular night observations of each res-
ervoir.

Observations can be done either physically or by install-
ing a data logger which will record reservoir levels auto-
matically 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 calcu-
lates the volume of water lost.

(c) Leakage on Service Connections up to the  
Customer’s Meter

This type of leakage is usually invisible and leakage sur-
veys are needed to identify them. Utility managers can 
calculate the approximate volume of leakage from serv-
ice connections by deducting the mains leakage and 
storage tank leakage from the total volume of physical 
losses.

2. Developing a Leakage Management Strategy
The volume of physical losses tends to increase as the 
distribution network ages. But the rate of increase can 
be controlled with a leakage management strategy. 

The four pillars of a leak management strategy include:
 
(a) Pressure Management

The higher or lower the pressure, the higher or lower the 
leakage. The relationship is complex, but utility manag-
ers can initially assume a linear relationship (10% less 
pressure = 10% less leakage). 

There are a number of methods for reducing pressure 
in the system, including variable speed pump control-
lers and break pressure tanks. The most common and 
cost effective is the automatic pressure reducing valve or 
PRV - installed at strategic points in the network to re-
duce or maintain network pressure at a set level. 

Pressure management in its simplest form requires zon-
ing by elevation, but the trend is towards more sophis-
ticated pressure management, where marginal pressure 
reductions and the avoidance of pressure fluctuations 
are the main objectives.

(b) Repairs

The length of time a leak is allowed to run affects the 
volume of physical losses, so repairs should be complet-
ed as soon as possible once a leak is detected. Repair 
quality also has an effect on whether the repair is sus-
tained.

Key issues to consider when formulating a repair poli-
cy include:
• Efficient procedures from the initial alert through 

to the repair itself
• Availability of equipment and materials
• Sufficient funding
• Appropriate standards for materials and workman-

ship
• Committed management and staff
• Good quality of service connections - service con-

nections are often the ‘weakest link’
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(c) Active Leakage Control

Active leakage control involves monitoring flows into 
zones – or district meter areas (DMAs[5]), measuring 
the metered usage, and analyzing the results to identify 
potential leaks. This analysis is often followed by initia-
tives to find and fix leaks.

(d) Asset Management 

The objective of asset management is to tackle leaks in 
the most cost-effective way. This requires priority-set-
ting and decisions on whether to repair, replace, reha-
bilitate, or leave the assets as they are, while simultane-
ously implementing pressure management and improv-
ing the operation and maintenance programme.

The critical factors of asset management are:
• Understanding how assets are currently  

performing
• Identifying the risks of asset failure
• Assigning a value to each risk
• Determining the probability that each risk will 

occur

This knowledge then translates into setting priorities to 
fix those assets with a high risk of costly failure.

These four pillars must be implemented  

to reduce physical losses.

The costs of leakage management (especially repairs) 
can often be high, requiring significant investment. 
However, these costs can be less that developing and 
delivering new water sources.

F.  Performance Monitoring 

NRW is a measure of a utility’s efficiency in terms of 
both operational performance and financial perfor-
mance. Managers, policymakers, regulatory agencies, 
and financing institutions use NRW performance in-
dicators to rank the utility’s performance against in-
dustry standards and other water utilities. The Perfor-

mance Management and Regulation chapters in this 
Guidebook are related references. 

Performance indicators help a utility:
• Better understand water losses
• Define and set targets for improvement
• Measure and compare performance
• Develop standards
• Monitor compliance
• Prioritize investments

1. Performance Indicators
A good performance indicator is clear and easy to un-
derstand and it has a rational basis. It is easy to calcu-
late using data that the utility gathers regularly. Tools 
such as decision trees are available for managers to se-
lect appropriate performance indicators for their util-
ity’s needs and operating context, as illustrated in Fig-
ure 10.

Figure 10: Decision tree to select performance indicators (Source: 

Malcolm Farley and Stuart Trow, Losses in Water distribution 

Networks, IWA Publishing, 2003)

NRW has traditionally been expressed as a percentage 
of input volume but this can be misleading: it favors 
utilities with high consumption, low pressure, and in-
termittent supply. In addition, it does not differentiate 
between physical losses and commercial losses. 

Appropriate indicators of physical losses include:
• Liters per service connection per day

Specify:
Number of service connections

Length of mains 

Calculate:
Density of service connections 

per kilometre (km)

Use litres per 
service connec-

tion per day

Density ‹ 20
connections/km

Use litres per 
km pipe mains 

per day

no yes
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• Liters per service connection per day per meter of 
pressure

• Liters per kilometer of pipeline per day;

Recommended indicators can be found in the NRW 
Source Book [6].

The Infrastructure Leakage Index (ILI)[7] is an excellent 
indicator of physical losses; one that takes into account 
the ways that a network is managed. The IWA, which 
developed the index and the American Water Works 
Association (AWWA) Water Loss Control Committee 
both recommend this indicator. It is best used in com-
paring the performance of one utility with another.

Table 3: Physical loss target matrix

Techni-

cal  

Perform-

ance

Category

ILI Physical Losses [liters/connection/day] 

(when the system is pressured) at an 

average pressure of:

10m 20 30 40 50

D
ev

el
op

ed
 C

ou
nt

ri
es

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 

Co
un

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

Utility managers can use the matrix, shown in Table 3, 
to guide further network development and improvement:
• Category A: Good. Further loss reduction may be 

uneconomic and careful analysis is needed to iden-
tify cost-effective improvements.

• Category B: Potential for marked improvements. 
Consider pressure management, better active leak-
age control and better maintenance.

• Category C: Poor. Tolerable only if water is plen-
tiful and cheap, and even then intensify NRW re-
duction efforts.

• Category D: Bad. The utility is using resources in-
efficiently and NRW reduction programmes are 
imperative.

The IWA Water Loss Task Force is also developing a 
performance indicator for commercial losses similar to 
the ILI. The indicator uses a base value of 5% of water 
sales as a reference, and the actual commercial loss 
value is calculated against this benchmark. This is the 
Apparent (Commercial) Loss Index (ALI).

Apparent Loss Index (ALI) = Apparent loss value  

÷ 5% of water sales

2. Performance Monitoring
As with many other endeavors, performance monitor-
ing is essential to the success of the NRW programme. 
It allows managers to track progress against plans, 
budgets and expected results in the form of perform-
ance indicators. It also allows them to take corrective 
action when performance is lagging behind expecta-
tions or exceeding budgets. 

To do this, managers must have the means to collect ac-
curate data the means to compile the data into periodic 
reports. The reports must compare actual results to ex-
pectations (budgets and targets) as well as to prior peri-
ods to understand trends.

Some utilities take the extra step of forming an NRW 
audit team made up of people who are not involved in 
implementation. This team checks the accuracy of data 
and monitoring reports and recommends ways to im-
prove performance.
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II. ANALySIS  

It is probably fair to say that most utilities in the world 
can benefit from an NRW management programme. 
The question is the extent of the potential benefit.  Ask 
yourself these questions:
• Does our utility recover all of its costs?
• Is our utility able to deliver sufficient quantities of 

water at sufficient pressure to most of its custom-
ers?

• Does our utility have sufficient water supplies?

If you answer “no” to these questions, you may want 
to think about taking action to start controlling your 
NRW, reaping higher revenues and putting your utility 
into a virtuous cycle.

III. APPROACh      

Here are steps you can take to develop and implement 
an NRW Management Plan.[8] 

Step 1: Gain support for an NRW Reduction  
Programme
NRW reduction programmes require resources and time 
– and these are often scarce. That is why the first step is 
to outline an NRW programme and gain the support of 
utility leadership and customers by showing the antici-
pated benefits. 

Step 2: Establish an NRW Team 
This team performs the analysis, develops a strategy, rec-
ommends interventions and oversees implementation. It 
is best when the team includes members from each op-
erational department, including production, distribu-
tion, and customer service. Choosing the right members 
promotes ownership and also builds consensus by senior 
management.

Step 3: Calculate the Water Balance
The Water Balance will show the magnitude and the 
areas in which the NRW is occurring. The detailed 
process of establishing a water balance is described in 
the NRW Source Book.[9]

Step 4: Set NRW Reduction Targets
Once the magnitude of NRW is understood, the team 
sets a realistic target for NRW reduction, taking into ac-
count the utility’s other goals, policies and resources – 
and any targets established by the regulator. 

The utility needs to determine optimal NRW, optimal  
physical losses, optimal commercial losses, optimal 
meter replacement frequencies, optimal leak detection 
survey frequencies, actual losses, and impacts on utility 
revenue and water supply coverage. 

A financial model[10] helps utility managers and regu-
lators to establish NRW targets and to optimally allo-
cate resources to NRW management. Ultimately, use of 
the model will help save water, increase utility revenues, 
expand coverage, and reduce health and economic im-
pacts. 

Step 5: Identify NRW Reduction Projects
Undertaking pilot projects to demonstrate the effec-
tiveness of the NRW may be a useful way to start be-
cause they will generate lessons learned and demonstrate 
the value of the NRW reduction strategy. Pilot projects 
cover smaller areas that are still large enough to test the 
NRW strategies.

The types of projects can vary from improved metering 
to better customer accounting to full-scale repair and re-
habilitation of the network and customer service con-
nections. 

Step 6: Prioritize NRW Reduction Projects
Most utilities often face scarce resources, whether in 
staffing, equipment or funding. The potential projects 
will have different levels of pay-back, impacts on service, 
timing, etc.  Prioritizing is the way to select the projects 
that will have the greatest overall benefit and to decide 
on the timing of when projects are accomplished.

Some projects may reduce NRW significantly but will 
have a high cost. Others may have a lower cost and 
lower reduction – but can be accomplished more readily 
because resources are available. Gains from doing these 
projects may generate additional revenues which can 
then be used to accomplish the more expensive projects.
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When estimating the economic value – or cost/benefit 
of NRW projects, consider the following:
 The additional revenues that will be generated 

owing to higher volume
 The reduction in operating costs that may occur
 Improvements in service delivery
 The costs of implementing the project

Some benefits may not be easily quantified – such as the 
benefits of more hours of supply. This calls for setting 
priorities. With a list of priorities and estimated project 
costs, the team can prepare plans for implementing im-
provements.

Step 7: Planning and Approvals
In order to gain resources, the team will need an ap-
proved budget that is approved by the utility leadership.

When developing an NRW plan, remember that re-
ducing NRW is not a short-term process. Some activi-
ties may span years rather than months. Timeframes be-
tween four and seven years are reasonable - any less is 
ambitious, and any more will not be as cost-effective.

In preparing the budget, the team must identify costs 
that may include:
 Staffing for both direct NRW works (e.g. leakage 

technicians) and indirect support (e.g. procurement 
staff)

 Equipment installed permanently (e.g. DMA me-
ters) and those used on a day-to-day basis (e.g. leak-
age detection equipment)

 Vehicles and equipment to maximize the productiv-
ity of staff

 Planning, design, construction and commissioning 
of equipment.

Step 8: Implementation and Monitoring
As the projects take place, it is a good idea to monitor 
both the costs and benefits and compare them to budg-
ets and NRW targets. This will demonstrate the benefits 
of NRW reduction and build support for the strategy.  It 
will also allow the team to take action to improve per-
formance as needed.

Step 9: Sustain the Gains of an NRW Reduction 
Project 
NRW management is a continuous process – even after 
the initial gains are made. It requires vigilance and at-
tention to make sure that leaks are eliminated when they 
occur; all customers are legally connected and billed; all 
uses are tracked, etc.

IV.  ExAMPLES AND ExERCISES     

Example from Kafubu, Zambia

In Zambia, in 2009, NRW plans were implemented in 
Kafubu Water and Sewerage Company (KWSC).

In 2007/2008, non-revenue water for KWSC was 48%[11] 
and showed an urgent need for the implementation of a 
large scale water conservation programme to ensure con-
tinuous supply and avoid costly infrastructure invest-
ments. 

KWSC management chose to reduce water losses and 
apply the standards developed by the International  
Water Association (IWA) and its Water Loss Task 
Force (WLTF).  

The NRW project objectives were to:
 Evaluate each water supply system in terms of oper-

ational performance and identify the main reasons 
for water loss based on the IWA water balance and 
key performance indicators

 Develop recommendations on possible interven-
tions for each system with cost implications and po-
tential benefits

 Prioritize interventions to provide a short, medium 
and long term implementation plan

KWSC identified key challenges to address all NRW 
components:
 The missing basics for the NRW reduction pro-

gramme, such as 100% metering, repairing of vis-
ible leaks, etc.

 Leakages in transmission, distribution & customer 
premises

IV_47_fin_dh.indd   10 14.01.13   20:11



 47-11

Chapter 47 ›› Non-Revenue Water Management
©

 g
iz
 2

01
2

 Unmetered consumption in low cost areas
 Wastage, uncontrolled usage in form of watering 

gardens
 Unmetered water production facilities

The concrete pipe supply main from Nakaputa reservoirs 
was a major source of leakage, through the joints which 
are difficult and costly to repair.

Interventions were discussed, prioritized and refined 
into activity plans that became part of strategic plans 
and budgets. The following were recommended as key 
actions:
 Seek funding to implement short, medium and 

long-term interventions
 Focus short term interventions on fixing visible 

leaks and performing a proper analysis of the supply 
system

 Plan medium term interventions on metering and 
billing of consumers

 Schedule long-term interventions as general im-
provement of the supply system and customer 
awareness

Once metering started, revenue collection improved 
steadily. Results and benefits include:
 Consumers are now billed for amounts actually 

consumed. 
 Collections doubled from an average of US$17,000 

per month before metering in July 2009 to 
US$36,000 in December 2009. 

 Water supply coverage has improved from 60% to 
almost 100%. 

 Metering has enhanced customer willingness to pay 
 Extra water saved in Lubuto is now supplied to sur-

rounding areas.
 Due to the metering programme, there has been 

an increase in the general pressure in the low lying 
areas.

Practical Exercise

Description of your task: Ndandi Water and Sewer-
age Company has recently been formed to provide water 
supply and sewerage services to town of Ndandi. The 
town of Ndandi has been zoned and DMAs established. 
Take DMA-Characteristics from Table 6:

Leakage Control

Table 6: Characteristics of the DMAs in Ndandi

DMA Water sup-

plied to DMA 

(m3/year)

Length of 

distribution 

mains (km)

Number 

of con-

nections

Consumption 

in the DMA

(m3/ month)

Average 

pressure 

in the net-

work (bar)

Water sup-

ply hours/ 

day

Number of 

reported 

bursts per 

week

Mwengu 7,300,000 200 4,000 330,000 6 12 10 

Senanka 9,125,000 210 4,300 300,000 6 12 7 

Nsefu 20,075,000 300  10,000 990,000 3 6 8 

Masite 25,550,000 410 13,000 1,050,000 3 19 14 

Mpefu 7,300,000 200 4,000 330,000 6 12 10 

Ndaluma 9,125,000 210 4,300 300,000 6 12  7 
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60% of bursts are reported. Bursts on service connec-
tions are not all reported and represent 80% of the un-
reported bursts. The water balance results show physical 
losses of 19,100,000 per month. 

Your position: You have just been employed in the Water 
Utility and have been informed that water supply is er-
ratic and sometimes water supply is untreated. Some 
parts of the town receive water through rationing and 
other parts receive none at all despite having a water dis-
tribution pipe network.

The reason people give for inadequate water supply serv-
ice is lack of financial resources. Consumers are willing 
to pay for services as long as the services are acceptable 
and improved.

your Tasks
1. Calculate the annual volume of leakage from the 

mains as a result of bursts.
 Hint: First calculate total bursts (reported and un-

reported) in each DMA; then use Table 1 (Attach-
ment A) to determine approximate flow rates of the 
bursts on mains (and on service connections for later 
use). Assume an average leak duration of 36.5 days 
(10% of the year). [Please note that leakage is possible 
only during water supply hours]

2. Calculate the background losses. 
 Hint: Use Table 2 (Attachment A) to calculate the 

background losses. Assume a lenght of 600m of the 
service connection from property boundary to cus-
tomer meter.

3. Calculate excess losses and explain the result.
 Hint: Excess Loss can be calculated as explained 

above.
4. Calculate the NRW from the DMA approach.
 Hint: Calculate the percentage of water consumed 

(per year!) to water supplied for each DMA and 
overall.

5. Calculate the Commercial losses.
 Hint: Deduct the total physical losses (on mains and 

service connections as determined in question 1) 
from the total consumption.

6. Identify the type of loss that is most significant.

Appendix A provides the answers to the exercise. 
The other appendices provide these additional examples:
 Appendix B: Yemen - Managing Administrative 

Losses through Improved Customer Service Man-
agement

 Appendix C: Jeddah - Saudi Arabia – Streamlining 
Leak Detection and Repair through Improved Busi-
ness Processes and Private Sector Partnership

 Appendix D: Morocco – NRW Methodology in 
Action

V.  LESSONS LEARNED  

NRW management pays two dividends:  more water 
and more revenue.  

Surprisingly, many utilities experience high NRW – as 
much as 50%. At the same time, their countries usually 
face high investment costs to develop new water sourc-
es and transport the water to customers. It is common 
sense to reduce NRW before spending precious resourc-
es on expensive new infrastructure.

Successful NRW programmes: 
 Start with the full support of leadership
 Create ownership among staff
 Gain funding for metering, repairs, leak detection 

and incentives to motivate staff
 Have an NRW Team that represents key depart-

ments
 Carefully collect data to calculate an accurate water 

balance and determine realistic interventions
 Prioritize interventions into short, medium and long 

term based on level of importance and availability of 
resources

 Select a pilot area where prioritized interventions 
can be implemented and lessons learnt that can be 
up-scaled to other areas

 Monitor results and fine-tune approaches

It is possible to have NRW that is less than 10%.
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Attachment A

Solution to the Exercise - Physical Loss

1. Calculate the annual volume of leakage from the mains as a result of bursts
The first step is to calculate the number of reported and unreported bursts on both the mains and services connec-
tions. The total annual volume of leakage from mains is equal to number of reported bursts multiplied by average 
leak flow rate multiplied by average leak duration. 

Total annual volume of leakage from mains = Number of reported bursts  

x Average leak flow rate x Average leak duration

Since no detailed data is available, use the standard IWA recommended figures in Table 1.

Table 1: Flow rates for reported and unreported bursts[12]

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 connections 32 32

Let,  B = total number of bursts
  R = reported bursts
  U = unreported bursts

Thus, B = R + U 

Let also, Rm = reported bursts on mains
  Rs = reported bursts on service connections
  Um = unreported bursts on mains
  Us = unreported bursts on service connections

From information provided,

60% of bursts are reported; this means that –
  R = 0.6 B or
  B = R/0.6 

Substituting B for R in equation (1), we get –
  R/0.6 = R + U or
  R=1.5U 
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Bursts on service connections are not all reported; this means that all reported bursts are on the mains, thus
  Rs = zero
  Rm = R 

80% of bursts are unreported bursts; this means that
  Us = 0.8U 
  Um = 0.2U 

Tables 2 and 3 below show the results obtained using the above relationships.

Table 2: Estimation of number of bursts on mains and service connections

DMA Reported per week Unreported per week

Mains (R) Service (R
s
) Mains (U

m
) Service (U

s
)

 Mwengu 10 Nil 1.3 5.3

 Senanka 7 0.9 3.7

 Nsefu 8 1.1 4.3

 Masite 14 1.9 7.5

 Mpefu 10 1.3 5.3

 Ndaluma 7 0.9 3.7

 All Utilities 56 7.5 29.9

The number of bursts is converted into number of bursts per year and flows are converted from litres/hour/m pres-
sure to m3/year by taking into account water supply hours per day and operating pressure to estimate leakage on the 
mains.

Table 3: Estimation of annual leakage on the mains

DMA Number of burst  

reported per year 

Estimated number of bursts 

unreported per year  

 Leakage on mains per year (m3/ year) 

Mains  Service Mains Service Reported Unreported Total 

 Mwengu 520 69 277 3,279,744 218,650 3,498,394 

 Senanka 364 49 194 2,295,821 153,055 2,448,876 

 Nsefu 416 55 222 655,949 43,730 699,679 

 Masite 728 97 388 3,635,050 242,337 3,877,387 

 Mpefu 520 69 277 3,279,744 218,650 3,498,394 

 Ndaluma 364 49 194 2,295,821 153,055 2,448,876 

 All Utilities 2,912 388 1,553 15,442,129 1,029,477 16,471,606 

From Table 3: annual leakage on the mains is estimated to be 16,471,603m3.
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2. Calculate the background losses. 
Use Table 4 below to estimate background losses for various components of the water supply system:

Table 4: Calculating background losses[13]

Location of Burst Litres Unit of Measure

Mains 9.6 Litres per km of mains per day per metre of pressure

Service connection: mains to  

property boundary

0.6 Litres per service connection per day per metre of pressure

Service connection: property  

boundary to customer meter

16.0 Litres per km of service connection per day per metre of  

pressure

Table 5: Estimation of Background losses

DMA Length 

of dis-

tribution 

mains 

(km) 

b. 

Number 

of con-

nections 

c. Average 

pressure 

in the dis-

tribution 

network 

(bar)

 d. Water 

supply 

hours 

per day 

(h)

Background losses per year (m3)

On 

mains 

On service  

connection:  

mains to 

property 

boundary

On service  

connection:  

property  

boundary to 

customer 

meter

 Total

 Mwengu 200 4,000 6 12 21,024 26,280 420 47,724

 Senanka 210 4,300 6 12 22,075 28,251 452 50,778 

 Nsefu 300 10,000 3 6 7,884 16,425 263 24,572

 Masite 410 13,000 3 19 34,120 67,616 1,082 102,818

 Mpefu 200 4,000 6 12 21,024 26,280 420 47,724

 Ndaluma 210 4,300 6 12 22,075 28,251 452 50,778

 All Utilities 1,530 39,600   128,20 2 193,103 3,089 324,395

The total volume of background losses is 324,395 m3 per year.

3. Calculate Excess losses and explain the result.

Excess losses is given by

Excess Losses = Physical losses from water balance - known physical loss components

Where, Physical losses from water balance = 19,100,000m3 per year and
Known physical loss components = leakage from mains + leakage on service connections + background losses
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We need to estimate the leakage on service connections as we have already estimated the leakage from the mains 
and background losses. Table 6 shows estimated leakage on service connections per year where the estimated leak-
age is 1,098,107 m3/year.

Thus, the known physical loss component = 16,471,603m3/year + 324,395m3/year + 1,098,107 m3/ year or 
17,894,105m3/year.

Excess physical losses = 19,100,000m3/year - 17,894,105m3/year or 1,205,895m3/year.

The positive result indicates that the assumptions made in the estimation of physical loss component were accepta-
ble and that further assumptions in determining the water balance were also acceptable. A negative figure would in-
dicate the need to review leak durations (when experience from operations is used), and if it still remains negative, it 
becomes an indicator of faulty data.

Table 6: Estimation of Leakage on service connections per year

DMA Number of burst  

reported per year 

Estimated number of bursts 

unreported per year  

Leakage on service connections per year 

(m3/ year) 

 Mains  Service  Mains  Services  Reported  Unreported  Total 

 Mwengu 520 Nil 69 277 Nil 233,226 233,226 

 Senanka 364 Nil 49 194 Nil 163,258 163,258 

 Nsefu 416 Nil 55 222 Nil 46,645 46,645 

 Masite 728 Nil 97 388 Nil 258,492 258,492 

 Mpefu 520 Nil 69 277 Nil 233,226 233,226 

 Ndaluma 364 Nil 49 194 Nil 163,258 163,258 

 All Utilities 2,912 Nil 388 1,553 Nil 1,098,107 1,098,107 

4. Calculate the NRW using the DMA approach

NRW is given by the equation, DMA NRW = Total DMA Inflow - Total DMA Consumption.

The NRW for each DMA and overall NRW for the utility is determined by applying this equation and converting 
the DMA consumption from m3/month to m3/year. Table 7 shows calculation of NRW by DMA.
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Table 7: Calculation of NRW by the DMA approach

DMA 

Water supplied 

to DMA  

(m3/year)

Consumption in the 

DMA (m3/ month)

Consumption in the DMA 

(m3/ year)

NRW

m3/ year %

 Mwengu 7,300,000 330,000 3,960,000 3,340,000 46%

 Senanka 9,125,000 300,000 3,600,000 5,525,000 61%

 Nsefu 20,075,000 990,000 11,880,000 8,195,000 41%

 Masite 25,550,000 1,050,000 12,600,000 12,950,000 51%

 Mpefu 7,300,000 330,000 3,960,000 3,340,000 46%

 Ndaluma 9,125,000 300,000 3,600,000 5,525,000 61%

 All Utilities 78,475,000 3,300,000 39,600,000 38,875,000 50%

5. Calculate the Commercial losses
Commercial Losses are equal to NRW – Leakage, assuming that un-billed authorized consumption is negligible. 
Thus,

Commercial losses = 38,875,000m3/year - 17,894,105m3/year or 20,980,895m3/year

According to the IWA agreed standard indicator, commercial losses are expressed as a percentage of authorised  
consumption. In this example, it is assumed that unbilled authorised consumption is negligible and the authorised 
is 39,600,000 m3/year. Thus, commercial losses are 53% of authorised consumption.

6. Identify the type of loss that is most significant
From the estimations above, commercial losses are more significant than physical. Targeting reduction of com-
mercial losses can result in immediate benefits in terms of increased revenues.

IV_47_fin_dh.indd   19 14.01.13   20:11



47-20 

Module IV. Good Practices

Attachment B

yemen - Managing Administrative Losses through 

Improved Customer Service Management[14] 

Local Water and Sanitation Company – Aden  

In order to reduce administrative losses, which can be a significant proportion of NRW, water service providers 
need to take control of customer billing and service. In Jordan, for example, the Madaba Water Administration 
used micro-PSP service contracts to improve customer billing and collection and reduce losses (see chapter on Pri-
vate Sector Participation). In Yemen, the Local Water and Sanitation Corporation in Aden is currently undergoing a 
complete restructuring of its customer service department as part of a larger reorganization exercise.

LWSCA has 1800 employees, serving 109,000 customers in the Aden Governorate, providing 89% coverage for 
water supply and 77% for sewerage. The Operation and Maintenance System (OMS) Project, funded by GIZ, has 
provided technical assistance to LWSCA since 2008 for restructuring and improving utility management. 

LWSCA had several problems relating to customer service management, some of which caused the problem of ad-
ministrative water losses:
› The new customer application procedure resulted in “disappearing customers”:
 The customer data base used log books, with manual entry only
 62 steps were needed for a new subscriber application
 New customers were identified from neighbor’s location, not established on maps in their own location
 Due to improper labor division, the work flow for adding new customers was inefficient

› The meter reading process was inefficient and left room for illegal water consumption:  
 Meter readers had full monopoly in the process since only the meter reader knew the customer address
 There were no GIS base maps
 Many meters were unread, thus customers not billed
 Many bills were sent based on estimates by an Estimation Department

› There was no use of GIS data in:
 Maps
 Business processes of the customer service department
 Linking water and sewerage customer data bases

The end result of these inefficiencies was illegal water consumption, either deliberately or through lack of customers 
receiving bills.

Establishing customer information systems

Utilities cannot reduce administrative losses if they do not have accurate data on their customers. LWSCA knew 
that in order to control the part of NRW that was due to administrative losses they needed to identify and monitor 
administrative losses as per international standards. In order to do this, LWSCA conducted the following progres-
sive activities for one pilot zone:
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› Customer Subscriber Survey (CSS) with preparation of base maps and identifying all customer locations; 
› Use the above information to establish a detailed Customer Information System (CIS); 
› Customer management restructuring, including:
 New customer applications
 Meter reading procedures
 Billing procedures including meter reading and reading assessment (estimated bills)
 Improving collection procedures
 Institute inspection and follow up procedures

› Redesign of customer management business processes and meter replacement and monitoring;
› Instituting advanced customer management tools
› Administrative losses monitoring and control

All of these activities were based on centralized computer operations which included a total redesign of the pilot 
customer service area and staff training. LWSCA analysed the results of the pilot project, then rolled it out to in-
clude all subscribers in the billing system in 2009 and kept it up to date.

Results 

The introduction of IT tools to support business processes is the key to improving customer service management. 
LWSCA, through instituting GIS systems for customer services, reached its target performance indicator of im-
proved customer services, resulting in a reduction of administrative losses. Customer satisfaction improved and util-
ity staff takes greater pride in their work, strengthening their commitment to managing scarce water supplies.

The GIS system also allows all relevant utility functions to be linked, and therefore to support one another. The cen-
tral Management Information System supports accounting, customer services, human resources, network manage-
ment (relating to physical losses), operation and maintenance needs, and water quality monitoring. 
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Attachment C

Jeddah, Saudi Arabia – Streamlining Leak Detec-

tion and Repair through Improved Business Pro-

cesses and Private Sector Partnership[15]

In Jeddah, Saudi Arabia, the National Water Company (NWC) was established to provide water and wastewater 
services in accordance with world class standards for the city’s 3.5 million inhabitants. To support the objectives 
of the NWC, Acwa Power and Suez Environment operate the Jeddah City Business Unit (JCBU) through a 7-year 
management contract, starting in 2008.

At the start of the Management Contract in 2008, customers received water from the network on average every 22.9 
days, with approximately 65% of their supply from the city network and 35% from water tankers.  Critical supply 
disturbances occurred annually, especially during Ramadan and the Hajj. Through its operators (Suez Environment 
& AcwaPower) JCBU established a dedicated Water Demand Division to define, plan and implement organization-
al practices and tools to deal with critical shortages and administrative and physical water losses. At the same time, 
NWC was aiming to move towards continuous supply.

NWC, through the Water Demand Division, took a two-
pronged approach, focusing on establishing Distribution 
Zones and implementing an aggressive leakage reduc-
tion action plan (see box). The establishment of 51 Dis-
tribution Zones will gave NWC the ability to manage, 
step-by-step, the shift from rationing to continuous sup-
ply through monitoring and operation of zonal flows and 
pressure in the network, including water balance calcula-
tions and night flow measurement connected to the cen-
tral SCADA system.

The Leakage Reduction Action Plan supported physical leak detection and repair as well as improved customer serv-
ice management. JCBU trained and set up 20 privately contracted teams to identify visible leaks by routine “walk 
the lines” inspection, reporting their location directly to the Operations Center. Several innovative technical ap-
proaches were used for invisible leak detection:
 For invisible leaks, JCBU implemented the Suez Environment methodology consisting of the of helium leak de-

tection methodology. This consists of injection of helium into the upstream of a network. The helium dissolves in 
the water. In the event of a leak, the water spread in the soil and he helium gas is propagated in the soil and slow-
ly diffused in the air. Tracing of leaked helium starts the day after injection and can continue for 5 days. It allows 
for tracing of leaking piles even when the network is empty due to the rationing schedule.  JCBU implemented 
two complete teams equipped with this technology.

 The Smart Ball leak detection system can be used on pressurized pipelines of 250mm or above diameter. A Smart 
Ball is inserted into a pipe through a horizontal valve and travels into the water based on the pipe flow. It emits 
scheduled pulses detected by recorders located on the surface, identifying leaks located by a miniaturized acoustic 
system inside the ball.

Leakage Reduction Action Plan 

• Set up a centralized call center linked to field 

repair teams.

• Reorganised business process activities.

• Created a 24/7 Operations Center for manage-

ment of leak detection and repair.

• Established of leak detection teams. 
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JCBU adopted a strategy of “leakage cleaning of the 
areas” before the shift to continuous supply. This in-
cluded providing water supply for a full week with con-
stant pressure monitoring and multiple methods of leak 
detection. Once the leaks were all repaired, then the 
new Distribution Zone was pressurized. 

These technical operations were combined with set-
ting up a central Operations Center focusing on leakage 
linked to the upgraded Customer Call Center. The Op-
erations Center is a central tool in managing this proc-
ess, with responsibility for verification and validation 
of complaints, identification of exact location of com-
plaints, generation of work permits for doing repairs 
from necessary authorities (municipality, police, etc.). 
The Operations Center also developed a unified sys-
tem to work closely with the contractors responsible for 
leakage repairs through the implementation of a Real 
Time System called SERTA allowing JCBU to locate, 
assign and follow up the work orders in real time. 

Through the combination of a more efficient Opera-
tions Center and leak detection teams, JCBU has de-
creased the monthly leak repair time from 145 hours 
(for 350 leaks repaired) at the beginning of the con-
tract  to 30 hours (for 1,205 leaks repaired) at the end 
of 2010.

Mobile leak detection unit in Leipzig, Germany
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Attachment D

Morocco – NRW Methodology in Action

In Morocco, NRW and water conservation is in-

cluded in the national water policy. The meth-

odology of NRW focuses on a hierarchy of ac-

tions based on the principle of ‘best value for 

efforts/money”. Utilities focus on the type and 

location of the greatest losses.

For example, the Office National l’Eau Pota-

ble (National Office of Potable Water, ONEP(*)) 

identified the main causes of NRW, as: 

 Technical losses

• Inaccurate water meters

• Acts of vandalism and fraud

• Outdated and aging pipes and connections

ONEP implemented an action plan in small and 

medium cities which included:

• Facilities and network monitoring through 

night flow recording and leak detection 

programmes

• Replacing meters more than 10 years old, 

using only Class C meters

In the Fez medina (old city of Fez), the aggres-

sive programme of RADEEF(**) resulted in a 

25% drop in water demand between 1991 and 

1996. Night flow in one district (Ain haroun), 

dropped by about 20%.

(Adapted from ACWUA NRW Conference, Rabat, Janu-

ary 2010)  

*ONEP: National wide utility for water and waste water in 

small and medium cities

**RADEEF: water, waste water and electricity utility in 

Fez City 

Night Flow in Ain haroun District
Fez, Summer 2006
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