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COVER LETTER
Dear Tim Waldron
Please, find attached the draft final version N°8 of our Guidance Notes on Apparent Losses and
some other non revenue water consumption.
In August 2009 I received draft number 6 from Michel Vermersch to prepare a final draft for
submission to the WLTF for approval. I provided Michel with a review report in February 2010 and
received his responded in April 2010. His comments have been addressed in this document.
In editing the document the following key requirements for the Guidance Notes have evolved:
•

The grammar and terminology used should be such that it can be understood by an
international audience;

•

The language should be diplomatic and sensitive to minimise the potential for
misunderstandings and recriminations;

•

There should be consistency in the content within chapters and with the characteristics of
the various chapters.

Although the document has been extensively edited it requires additional work to achieve the above
listed requirements in full. However, I will be basing my presentation to the IWA Water Loss 2010
conference on this document.
Regards
The AL Initiative Team Leader
Edgar Johnson
25 April 2010
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1. APPARENT LOSS INITIATIVE AND WORK PROGRESS
1.1. The Apparent Loss Initiative
Founding document:
“In November 2007, the IWA Water Loss Task Force has been promoting an apparent loss (AL)
reduction approach which is based on the reduction of four main AL components: meter underregistration, illegal consumption, meter reading errors and water accounting errors. The strategies
aimed at reducing the four components of have to be clearly defined and balanced to achieve the most
cost effective programme which reduces apparent losses to an economically, environmentally and
socially acceptable level. Another objective is to fill the existing gap between real losses and apparent
losses in terms of knowledge and management.
This initiative aims to:
§ Define the various types of apparent losses that can be classified within the four components
previously mentioned ;
§ Define new indicators on apparent losses such as apparent loss index (ALI), minimum
admissible level of loss for each AL component and minimum economical level of loss for
each AL component;
§ Give special emphasis on water under-registration and other metering issues;
§ Investigate the minimum achievable level of loss for each type of apparent loss;
§ Review current methods and techniques to reduce the various components of apparent loss to
a minimum achievable level;
§ Give recommendations to establish a cost effective programme to reduce AL to economically,
environmentally and socially acceptable level;
§ Give recommendations to get sustainable results.
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1.2. Former steps
The following previous documents have been established by the AL Initiative members:
•
•
•
•
•
•
•

Master Document 1 was about the Revised Financial Water Balance and the CEI (Commercial
Efficiency Index) proposed by Richard and Roger.
Master Document 2 was about basic principles and some ALI proposals or approaches
proposed by the team members.
Master Document 3 had three objectives: (i) preparing a summary of key outcomes from
Master Documents 1&2, (ii) going ahead with respect to ALI or CEI formulas and (iii)
initiating some strategic and tactical approaches
Master Document 4 has presented a first draft of the Manual in which all members have
provided their own input until March 2008;
Master Documents 5 & 6 that were prepared before and after the AL Initiative meeting in
Cape Town in April 2009;
Master Document 7 was prepared after extensive editing by the current Initiative Leader in
February 2010;
Master Document 8 was prepared incorporating comments received from the former Initiative
Leader and after discussions with WLTF members.
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2. INTRODUCTION
2.1. Purpose of the Manual
These Guidance Notes intend to be an introduction to NRW practitioners to the process of
identification and reduction of apparent losses.
It includes the following items:
-

Definitions, concepts and indicators
Identification and quantification of the various categories of apparent losses
Methods to reduce each category of apparent losses
Method to design and implement a global, efficient and sustainable action plan to reduce
losses.
Case studies

2.2. Readership
These Guidance Notes are aimed at helping any category of practitioners. It was drawn on the
experience of international specialists to pull together the key best practice essentials and outline
technical understanding.
The influence of local variations is particularly important in the area of apparent losses. Therefore the
reader will not find here a unique solution of his problems but a range of solutions among which he
will have to find the most adequate and the most effective and efficient one in each particular context.

2.3. Apparent Losses
The benefits of minimising apparent water losses include:
§
§
§
§

Fairness (equality)
Increased transparency for the user (customer)
Added value in economic, social and environmental terms
Facilitates the formulation of water conservation and demand management plans.

2.4. Item covered by these guidance notes
-

Part 1: Concept and definitions

This part deals with water balance and indicators.
The reader will find here some provisional alternatives to improve the current WLTF standard water
balance: (i) improved IWA water balance and (ii) business-oriented water balance. No final decision
has been taken at this stage and WLTF involvement is required. .
A more detailed breakdown of apparent losses and a new “AL diagram”are proposed.
This part focuses on metrics and process indicators. Regarding the performance indicators, current
WLTF AL indicators have been maintained but the members tried to define some specific indicators
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similar to those defined for real losses: CAAL, UAAL, EAAL. An overall ALI index is proposed,
based on what is achieved in performing water utilities.
Finally, there is a special focus on errors and confidence limit when building the water balance.
-

Part 2: Best practices to calculate and reduce apparent losses

A specific chapter is dedicated to large meter since the most precise measurement of input water is a
prerequisite for the establishment of the Water Balance.
For each category of apparent loss – metering errors, unauthorised consumption, data acquisition
errors, errors on consumption estimate - the objective of the measures proposed is to facilitate the
assessment of losses, to reduce these losses and to maintain the losses within an acceptable
benchmark.
Considering the variety of technical and social backgrounds of practitioners using these guidance
notes, a wide range of solutions is proposed to facilitate finding the most adequate solution to meet
specific local needs. These measures range from the well known procedures to improve operation
efficiency to the most recent techniques.
In addition to the apparent losses this part also concentrates on the Unbilled Authorised Consumption
and the Unpaid Bills. Both items are not classified as apparent losses but they may sometimes generate
apparent losses however, will generate financial losses.
-

Part 3: Economics on apparent losses

This part aims at presenting some basic economic and financial principles that can be used when
preparing an apparent losses reduction programme.
There is a special focus on the cost-benefit analysis that enables to define the economic level of loss
for any apparent loss component.

There are also some considerations on two items that need to be considered in any apparent
loss programme:
§
§

The optimal level of data
The optimal water meter replacement period.

-

Part 4: Planning and Operational approach to reduce AL

Tools and best practises to minimise apparent losses have been proposed in Parts 2 and 3. But most
Utilities have to address real loss and apparent losses simultaneously. Planning and monitoring must
also given high priority in any apparent loss program.
These guidelines would not be complete without some recommendations on complex NRW reduction
projects: How to design and implement a successful program, how to make these interventions
sustainable and how to monitor such a program is addressed.
Part 4 reproduces some presentations prepared by AL Initiative members and already published in
Water 21 or in the most recent Water Loss Conference proceedings.
§
§
§

Action planning to reduce NRW
Sustainability and Change Management
Planning Control and Project Modelling
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PART 1
CONCEPTS AND DEFINITIONS
This part is mainly about water balance, indicators, water audit and action planning. Even though this
manual is devoted to apparent losses, aspects of real losses are duplicated for the following reasons:
- both categories of loss must be considered simultaneously when establishing a water balance
- the approach used to define apparent loss indicators is very similar to the approach used for the
definition of the Real Loss Indicators
Water Balance: The reader will find here some provisional alternatives to improve the current WLTF
standard water balance: the recommended water balance is very similar to the existing one but
apparent losses are classified under four categories instead of two. A new AL Diagram (or AL Cross)
is proposed and enable to visualize both the causes of the apparent losses and consequently the
actions that may be undertaken to reduce them or get them under control. Finally, there is a special
focus on errors and confidence limit when building the water balance
Performance Indicator: This part focuses on metrics and process indicators. Regarding the
performance indicators, current WLTF AL indicators have been maintained but the AL initiative
members tried to define some specific indicators similar to those defined for real losses: CAAL,
UAAL, EAAL. Due to the complexity of the apparent loss generation, the Unavoidable Annual
Apparent Loss (UAAL) has been replaced by a Reference Annual Apparent Loss (RAAL). An overall
ALI index is proposed, based on what is achieved in performing water utilities.
Water Audit: The various methods to assess the level of apparent losses are presented but the stress is
put on the apparent loss component analysis. Each component may be measured or assessed on the
basis of pilot surveys or sampling survey.
Action Planning to reduce Apparent Losses: The basics of the dynamics of losses are presented in
this section and shows that it may lead to strategic errors to consider real losses and apparent losses
separately. .
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2. WATER BALANCE AND APPARENT LOSSES
Summary
This chapter reminds the definition of the IWA standard water balance, which remains the
basis for any analysis on real and apparent losses. A new breakdown of the apparent losses
within the current IWA standard water balance
It also mentions two important topics that have emerged from the deliberation of the AL
Initiative team.
(i) The IWA standard water balance may be misleading in terms of water input and water
supplied: some improvements are proposed. They have no impact on the AL topic itself.
(ii) Some members consider that Unpaid Bills should be considered as a component of NRW
and propose a finance-oriented water balance.
Both topics are beyond the mandate of the AL Initiative and they are submitted to the
appreciation of the Water Loss Task Force key members.

2.1. General
The Water Balance of a water supply system is the basis for any NRW analysis related to both Real
Losses and Apparent Losses in this system. The Water Balance is based on the measurement or
estimation of water produced, imported, exported, consumed or lost (Fig.1). The IWA Task Force on
Water Losses and Performance Indicators has produced an international best practice standard
approach for the definition and establishment of the water balance (Alegre et al 2006).
During the preparation of this manual on apparent losses, it was possible to distinguish three trends in
the AL Initiative Team in that respect. :
§
§
§

Keeping the existing IWA water balance (Fig.1) and just focussing (i.e. proposing a more
detailed breakdown) on apparent losses in order to detail the AL components.
Improving the structure and definitions of the existing IWA Water Balance itself
Changing both the water balance and the NRW definition in order to get a more economic
and financial approach (Fig. 2).

The position adopted in this final draft document is:
§
§

Keeping the existing Water Balance and focussing on the apparent losses and unbilled
authorised consumption.
Presenting some alternatives that can be useful in some cases and commenting them.

2.2. Existing IWA Water Balance
The Water Balance and the terms used have been defined in the IWA Performance Indicator Manual
(Alegre et al 2000). It is useful to remind the basic definitions. More is provided in the glossary
(Chapter 18).
The Water Balance refers to a well defined water system and a well defined period of time (generally
one year).
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Billed authorized
consumption
Autorized
consumption

System Input
Volume

Unbilled
authorized
consumption

Billed metered consumption (including water exported)
Billed unmetered consumption
Unbilled metered consumption
Unbilled unmetered consumption
Metering inaccuracies

Apparent losses
Unauthorized consumption
Water losses

Transmission and distribution mains
Real losses

Revenue Water
(or billed
volumes)

Non Revenue
Water or
(unbilled
volumes)

Overflow or leakage of storage tanks
Service connections to meter

Figure 1: IWA Water Balance (source: PI 2nd edition 2006)

Water loss is defined as the difference between the System Input Volume and the volumes referring to
Authorized Consumption.
Water Loss includes two components: Real Loss (RL) and Apparent Loss (AL).
Non Revenue Water (NRW) includes three components: Real loss (RL), Apparent loss (AL), and
Unbilled Authorised Consumption (UAC).
Real Loss (RL) refers to any kind of leakage in the water supply facilities (mains, house connections,
tanks) and overflows at storage tank. They are also called physical losses.
Apparent Loss (AL) refers to the total volume of water unaccounted-for due to unauthorised
consumption and metering inaccuracies. Apparent losses accounts for all types of inaccuracies
associated with production metering and customer metering, plus unauthorised consumption (theft or
illegal use). Apparent losses are also called commercial losses and sometimes non-physical losses.
In the standard water balance Real Loss refers to volumes of water that are introduced into the system
but are neither consumed nor billed: these volumes are really lost. Apparent Loss refers to volumes of
water that are introduced into the system and consumed, but not billed. This is the reason why this loss
is called “apparent”: the volumes are not lost for the consumers. But both kinds of loss - real and
apparent –generate real financial losses for the water utility.
Unbilled authorised consumption (UAC) may include items such as fire fighting and training,
flushing of mains and sewers, street cleaning, watering of municipal gardens, public fountains, frost
protection, building water, etc. These may be billed or unbilled, metered or unmetered according to
local practises.
Water effectively consumed by the population includes both authorised consumption (billed and
unbilled) and apparent losses. It is important to emphasize this point because it would be erroneous,
for instance, to base a water demand survey on the authorised metered consumption only.
More detailed definitions are given in the glossary.

2.3. Proposed Modified IWA Water Balance
The water balance that is proposed hereafter keeps the IWA water balance structure. The only
difference consists in a more detailed breakdown of the apparent losses.
(i) “Meter errors”refers to the errors generated by the water meter themselves or by the management
of the water meters
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(ii) “Misestimate of unmetered consumption” refers to the errors generated by the estimate of
unmetered consumption. This point is very important in the case of systems that are not fully metered.
(iii) “Unauthorised consumption” refers to unregistered service connection and various types of
fraud on the registered service connections.
(iv) “Errors linked to data acquisition system”or “data handling errors”refers to the errors that
may be generated at the various stage of the data acquisition process such as data capture, data
transmittal, data processing, data manipulation, etc.
Real loss is always represented by a positive figure. On the contrary, apparent losses may be positive
or negative: the apparent loss is positive when the metered or assessed volume is higher than the
volume that is really consumed; it is negative when le metered or assessed volume is lower than the
volume that is really consumed.

Authorised
consumption

System
Input
Volume

Billed metered consumption (including
Billed authorised water exported)
consumption
Billed unmetered consumption
Unbilled
Unbilled metered consumption
authorised
Unbilled unmetered consumption
consumption
Meter Errors
Estimate of unmetered consumption
Apparent losses
Unauthorised consumption

Water losses
Real losses

Errors linked to Data Acquisition Process
Leakage on transmission and/or
distribution mains
Leakage and overflows at transmission
and/or distribution storage tanks
Leakage on service connections up to the
measurement point

Revenue Water

Non-Revenue
Water

Figure 2: Proposed Water Balance (including modified apparent loss breakdown)

More detailed breakdowns of unbilled authorised consumption (UAC) and apparent losses (AL) are
presented in both following sections.

2.4. Focussing on unbilled authorised consumption
Unbilled authorised consumption (UAC) is a NRW component but not an AL component. However, it
is not possible to set the water balance without a good understanding and evaluation of the unbilled
authorised consumption.
UAC may be classified into two categories:
§
§

Water used for servicing or field operation: any Water Utility has to use water for its own
operational needs.
Water provided free of charge: the Water Utility may provide water free of charge to various
consumers or categories of customers: some administrative or religious premises, its own
employees, etc. Such practice may be based either on habits and customs or on legal
provisions. Whatever the causes it needs to be listed and quantified.

Consumption free of charge is a concept that may be quite different according to the country, its law,
its tradition or its culture. However, it is also important to list and quantify it in order to design the
water balance. This point is detailed in Chapter 6.
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Selected Examples

UNBILLED AUTHORISED CONSUMPTION
1

Servicing (or
field operation)

2

3

Tank cleaning

unmetered

Regular cleaning of service reservoirs

Pipe cleaning

unmetered

Flushing of pipes to improve water quality
in distribution ‘dead ends’

Discharge

unmetered

Hydrant tests

unmetered

Water treatment devices
Others
Utility staff
Consumption
Free of charge

4

Admin. Customers
Others

metered/
unmetered
metered/
unmetered
metered/
unmetered
metered/
unmetered
metered/
unmetered

Flow and pressure test at hydrants
Backwashing of filters
Fire fighting
Municipal/water authority housing
Government buildings

Table 1 : Examples of Unbilled Authorised Consumption –

2.5. Focussing on AL within the current IWA Water Balance
Apparent losses are classified according to the categories: meter errors, misestimate of unmetered
consumption, unauthorised consumption and errors linked to data acquisition system.
The following table lists and describes the different causes that may impact the level of apparent loss
in each category
As previously mentioned, one of the major characteristic of the apparent losses is that they can either
be positive or negative. For instance a water meter may over register in some specific conditions;
similarly, unmetered authorised consumption may be over-estimated or under-estimated.

APPARENT LOSSES
1
Metering
Errors

2

3
Aging
Inappropriate meter
installation

Meter errors
Inappropriate sizing
Impact of customer's inhouse installation
Meter*
management
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Meter out of operation

Description
Change in the performance characteristics of the meter, due
to the historic operational conditions of the meter.
Installation of a meter outside the limits of the reference
conditions of the meter’s pattern approval and/or the
installation requirements stipulated by the manufacturer
Incorrect matching of meter’s specified flow range with the
range of water demands associated with the particular user
Effect of the downstream connected installation on the
error of the metered volume passed through the meter. (e.g.
storage tank etc). .
Stopped meters
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Errors in meter reading

Invented meter reading
Misestimate of
unmetered
consumption

Un metered
service
connections
Meters out of
operation

Intentionally incorrect reading of the value on the meter
display.

Estimate of current
unmetered connections
Estimate in the case of
meter out of operation
Meter by-pass

Unauthorised parallel, unmetered flow of water alongside
the meter.

Additional Unregistered
connections
Disconnected customers
illegally/unauthorised
reconnected
Non active customers
illegally/unauthorised
reconnected
Unregistered (illegal)
connection
Unregistered consumption
in low income areas
Water theft from hydrants
or other equipment

Registered
customers
Unauthorised
consumption

Unregistered
customers
Network
equipment
Data Capture

Errors linked to
Data Acquisition
System (data
handling errors)

Intrinsic error: error of indication of a water meter
determined under reference conditions (ISO 4064: 2005)
Error in reading of the meter display: incorrect reading of
the value on the meter display.

Measurement errors*

Data
Collection and
Transmittance
Data
Processing
Data
Manipulation
Application
errors

Related to the selection, sizing and calibration of meters

Reading and signal path
errors

Errors associated with the conversion of the data at various
points along the pathway it is required to travel.

Statistical errors

Errors associated with the lack of data validation processes

Understanding errors
Application errors

Misinterpretation of the data and its true meaning
Incorrect application of the data and not using statistically
representative samples.

Table 2 : Apparent Losses: Components and Causes

This list clearly shows that measurement is the core issue in terms of apparent losses. Apparent losses
are generated by measurement issues:
- meter errors relates to water meter precision and uncertainty
- poor estimate of unmetered consumption relates to the lack water meter on the service
connections
- unauthorised consumption are not metered
- data handling errors are due to measurement errors at the various stage of the data acquisition:
data capture, data collection; data transmittance, data processing and manipulation.

2.6. IWA Water Balance including detailed bulk consumption
This section does not directly refer to apparent losses. Some improvements aiming at a better
comprehension of the actual IWA water Balance are proposed.
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The IWA Water Balance shown in Fig 1 is certainly not perfect. Small changes in the IWA Water
Balance for good reasons are acceptable and many countries have included some minor countryspecific changes (South African WSC; New Zealand WWA; American AWWA; German DVGW etc
). One of the recurring problems is that the standard balance did not specifically show Water Supplied
(System Input Volume – Water Exported), and this is essential for the correct calculation of the
Performance Indicators mentioned in the following chapter. A more detailed analysis is produced in
Annex 1.
Water
Exported
Volume
from Own
Sources

Authorised
Consumption

System Input
(corrected from
known errors)

Water
Imported

Water
Supplied

Water Losses

Billed Water
Exported
Billed
Billed metered
Authorised
Consumption
Consumption
Billed Unmetered
Consumption
Unbilled Metered
Unbilled
Consumption
Authorised
Unbilled Unmetered
Consumption
Consumption
Unauthorised
Consumption
Apparent Losses
Customers Metering
Inaccuracies
Leakage on Mains
Leakage and
Overflows at Storage
Real Losses
Leakage on Service
Connections up to
point of customer
reading

Revenue
Water

Non
Revenue
Water

Figure 3 : Proposal for a balance including water exported.

2.7. Commercial Oriented Water Balance
The usual IWA water balance is technical-oriented as is based on the continuity of water flow (i.e.
mass balance) and not commercial-oriented (i.e the value or cost of the water). For instance, the
volume of water which is billed and not paid by the customers could be considered as a component of
non-revenue water. This is not taken into account in the traditional balance which deals mainly with an
engineering approach.
Some papers have already been produced on that topic (Whiting, 2008). This definition may lead to an
alternative definition of NRW. NRW would consist of the four components: Real Losses, Apparent
Losses, Authorised Unbilled Consumption and Unpaid Bills. This monetary balance would not
provide a universal comparable benchmark as the price per unit volume varies between utilities and
between countries. However, it could be useful for a utility’s internal benchmarking requirements.
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Figure 4 : Monetary Balance with indication of volume paid or not paid for.

The great advantage of this balance is that it could be the basis to promote complete water audits of the
water utilities including both operational and commercial side. A complete audit of any water utility
cannot be based on the standard IWA water balance only.
However, it would be confusing and not very effective to work on water losses and unpaid bills in the
same table. In particular the period of time to take into account for the payment of the bill would
create some troubles.
The traditional volumetric water balance is not supposed to solve all utilities’problems: any water
audit should be based on the NRW rate only but on other indicators such as the revenue collection
ratio for instance (Alegre et al 2000).
The water balance shown in Figure 4 not recommended for universal application. However, it does
emphasise the issue of the unpaid bills as a problem. The methods to reduce unpaid bills and
outstanding debts are presented in Chapter 11.

2.8. Data reliability, accuracy and confidence limit
Data reliability and accuracy
The important statements presented at the beginning of the IWA Performance Indicator manual need
to be reminded here (Alegre et al 2006).
“The quality of input data should be assessed in terms of the reliability of the source and of the
accuracy of data. Performance Indicator (PI) and data elements could be misleading if the decision
maker who uses them does not have much confidence in their worth. The real value of a PI result of,
say, 20 +/- 1%, is completely different from the value of the same indicator if the result is 20 +/100%.”
“The reliability of the source accounts for uncertainties in how reliable the source of the data may be,
i.e. the extent to which the data source yields consistent, stable, and uniform results over repeated
observations or measurements under the same conditions each time.”
“The accuracy accounts for measurement errors in the acquisition of input data, i.e., the closeness of
observations, computations and estimates to the true value as accepted as being true. Accuracy relates
to the exactness of the result, and is distinguished from precision that relates to the exactness of the
operation by which the result was obtained.”
“Practice shows that, in general, data providers do not have detailed information on reliability and
accuracy, but are able to provide informed guesses, if broad bands are adopted. The field test of IWA
PI system showed that the use of four categories of data accuracy and three for reliability is feasible “
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Recommended accuracy bands are:
Accuracy Band Associated Uncertainty
0 –5%

Better than or equal to +/- 5%

5 –20%

Worse than +/- 5% but better than +/- 20%

20 –50%

Worse than +/- 20%, but better than +/- 50%

> 50%

Worse than +/- 50%
Table 3 : Recommended accuracy bands (IWA)

Recommended bands for the reliability of the source are:
Reliability
Band

Definition

***

Highly reliable data source: data based on sound records, procedures, investigations or
analyses that are properly documented and recognised as the best available assessment
method.

**

Fairly reliable data source: worse than ***, but better than *

*

Unreliable data source: data based on extrapolation from limited reliable sample or on
informed guesses.
Table 4 : Recommended data source reliability bands

“Data source reliability and data accuracy should be assessed for every input data element. Accuracy
of the calculations should be assessed as well, preferably in a quantitative way, according to the ISO
Guide to the expression of uncertainty in measurement.”The propagation of uncertainty needs also to
be surveyed.
Comment: The general method presented above provides a first estimate in terms of accuracy and
reliability: it can be very useful to assess the quality of the data and to decide investments to improve
the data acquisition system.
But even when the data source is highly or fairly reliable more detailed analyses need to be carried out
in order to make sound decisions. Whatever the form of the balance the question of errors and
confidence limit is essential. Accuracy of the measures and evaluations need to be properly assessed.
The Water Balance cannot be used for planning purposes if the confidence limit of the various
components is poor or unknown.
Basic concepts are reminded hereafter.

Calculation of confidence limits for each component of the water balance
The volumes reported for all of the categories of system input, authorized consumption and water loss
are all averages built up from a mixture of estimations, engineering judgment and calculations. Each
input component has a confidence interval assigned to it to 95% confidence limits. Assigning
confidence to the input components allows us to calculate the aggregated confidence in the output
from the model in order to see if further refinements need to be made prior to target setting and
economic analysis.
Normal distributions
The normal distributions of data are a very important class of statistical distributions. All normal
distributions are symmetric and have bell-shaped density curves with a single peak. To speak
specifically of any normal distribution, two quantities have to be specified: the mean where the peak
of the density occurs, and the standard deviation , which indicates the spread or girth of the bell
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curve. Different values of
distributions.

and

yield different normal density curves and hence different normal

The normal density can be actually specified by means of an equation. The height of the density at any
value x is given by:

Although there are many normal curves, they all share an important property that allows us to treat
them in a uniform fashion.
The 68-95-99.7% Rule
All normal density curves satisfy the following property which is often referred to as the Empirical
Rule.
§
§
§

68% of the observations fall within 1 standard deviation of the mean, that is, between
and
.
95% of the observations fall within 2 standard deviations of the mean, that is, between -2
and +2 .
99.7% of the observations fall within 3 standard deviations of the mean, that is, between -3
and +3 .

Thus, for a normal distribution, almost all values lie within 3 standard deviations of the mean as can be
seen in the diagram in the next figure.
.

Figure 5 : Bell's curve

When he establishes the Water Balance the auditor has to estimate or calculate the probability that the
input number or calculated output is within two standard deviations of the population mean.
Estimating or calculating the 95% confidence limits
Inputting and calculating confidence limits allows us to improve data and outputs for future audits and
in many cases can explain why a final result may change depending on the increased or decreased
confidence.
The calculated variances for each data item, which are an integral part of the calculation, are also very
useful as they enable one to identify where effort should be expended to improve the quality of the
overall analysis – the components of the analysis with the largest variance are those that should be
improved first.
Example
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(Source: Lambert, Liemberger)

Table 5 : Building a Water Balance with 95% Confidence Limit

Building the Water Balance is usually the first step when planning for NRW reduction and control.
The question raised by the exercise is the following: is it reasonable to set up an expensive action
programme when we may have 30% error on Commercial losses and 17% confidence limit on real
losses?
Probably it is better to invest first in improving the reliability of the data within the water balance:
reducing the errors linked to the data acquisition process is always a priority.
Defining accuracy and uncertainty of each component within the water balance is essential in terms of
decision making.
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3. APPARENT LOSS INDICATORS
Summary
This chapter presents the current apparent loss indicators, their advantages and
disadvantages. Beyond the current IWA indicators, the members of the AL Initiative have
attempted to develop a new set of indicators similar to those that have been defined for Real
Losses such as: ALI, Apparent Loss Indicators, CAAL, Current Annual Apparent Loss, UAAL,
Unavoidable Annual Level of Apparent Losses, and EALL, Economical level of Apparent Losses.
The challenge of developing unique formulae is the multiple and complex nature of apparent losses
and the importance of allowing for human and social aspects when addressing apparent losses.
Considering the nature of the apparent losses it is clear that detailed component analysis needs to be
undertaken and specific indicators foreach type of loss should be established.
However an initial effort has been made to define an overall unavoidable level of apparent loss - and
consequently an ALI index - based on the consideration of the achievements of some efficient water
Utilities in terms of apparent loss control. The concept of Unavoidable Level of Apparent Loss
(UARL) has been replaced by the concept of Reference Level of Apparent Loss (RAAL). This approach
is somewhat similar to what has been done to define the UARL and then the ILI.

The issue of Metrics and Progress Benchmarking has been outlined and needs to be
developed in the next version.

3.1. Real and Apparent Loss Crosses
Much has been done during the last decade to analyse, monitor and control real losses. It is therefore
useful to summarise the main concepts related to real losses

3.1.1. Real Loss
The following diagram summarises the main concepts related to real losses and the various way to
control them, This can be referred to as the RL Cross
The central box represents the current annual level of real loss (CARL, calculated on a yearly basis for
instance). The value is obtained from the annual water balance.
This box includes two other boxes:
- the unavoidable real loss (UARL) which is defined hereafter
- the economic annual level of real loss (EARL) under which the cost for reducing the real loss
is higher than the benefit of doing it.. It is technically possible to achieve UARL but it is not
usually economically viable.
The real losses tend to increase as systems grow older but can be controlled by the application of four
categories of actions shown as two-way arrows as follows:
-

speed and quality of leak and burst repair
active leakage control
pressure control
pipe replacement

Pressure control provides many advantages such as: leak flow reduction, reduction in the number of
bursts and extension of the life duration of the pipes. Appropriate formulas have been established for
planning purposes.
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Pressure
Control

An effective leakage policy is based on an appropriate use of the four components.
In the case of an effective leakage policy the operator “squeezes the box”and can reduce the CARL
value down to the EARL (or sometimes to the UARL).
In the case of an inadequate leakage policy the arrows will move in the other direction and the box will
expand as CARL increases.

Current Level of Real Loss

Speed and Quality
Of Repair

Economic Level of
Real Loss

Active Leakage
Control

Pipe
Replacement

Unavoidable
Real Loss

Figure 6 : The Real Loss Cross

The value of the Unavoidable Real Loss of a system is provided by the following formula:
• UARL = (A*Lm + B*Nc + C*Lp) * p (litres/day)
• Lm : length of network in km
• Nc : number of service connections
• Lp :
total length in km of the pipes installed from the edge of the road to the customer
water meter
• P:
average service pressure in meters
• A = 18 litres / kilometre of pipe / day / meters of pressure
• B = 0.8 litres /service connection / day / meters of pressure
• C = 25 litres / kilometres of service connections / day / pressure in meters
The NRW indicator recommended by IWA is the ILI, infrastructure leakage index, given by the
following formula:
• ILI = CARL/UARL
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3.1.2. Apparent Loss
The AL Cross developed by the AL Initiative Team is presented hereafter.

Figure 7 : The Apparent Loss Cross

As an initial concept it is possible to define several concepts for AL similar to those already defined
for RL.
CAAL,
UAAL,
EALL,

Current Annual Apparent Loss similar to CARL, Current Annual Real Loss
Unavoidable Annual Level of Apparent Losses similar to UARL, Unavoidable Annual
Level of Real Losses
Economical level of Apparent Losses similar to ELL, Economical Level of Leakage

And finally
ALI,
Apparent Loss Index, similar to ILI, Infrastructure leakage index
Although this approach is reasonably sound it is difficult to implement: due to the fact that the nature
of the apparent losses is very different to that of real losses.
-

Real Loss always refers to volumes of water lost whereas Apparent Loss refers to different
type of activity such as under-metering or water theft that can be indirectly related to volume.

IWA –ALTF –April 2010

AL Guidance Notes (Final Draft Document v8)

27/172

-

Technical factors dominate in the case of RL whereas human and social factors are dominant
in the case of AL

Finally, in the case of the RL Cross, the arrows refer to four categories of actions that can be used to
control the real loss whereas in the case of the AL Cross, each arrow refer to a category of causes and
for each cause there is a variety of corrective actions that can be implemented (as shown further in this
Guidance Note).

3.1.3. Comparison of ALI and ILI
Although both concepts have a degree of technical, human and social factors it could be considered
that:
-

ILI predominantly deals with distribution network efficiency and technical factors.
ALI predominantly deals with customer service efficiency and human and social factors.

This is a generalisation, as shown in the following:
The case of metering losses
Technical and human factors include the following:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

Make (Brand) and Type of meter
Metrological class
Historical application
Meter age (or date of installation, or reading index value)
Sizing procedures
Installation procedures
Customer consumption (demand) profiles
Category rating of large customers
Customers data base structure
Water quality
Water pressure of service
Discontinuous supply status (i.e. partly pressurised system)
Quality of meter reading data
Occurrence of meter frauds
Domestic installations (in-house leakage, domestic tanks, etc)
Contractor-usage meter enforcement practices
Etc.

The case of unauthorised consumption (frauds)
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Gross National Product (GNP)
Water charges and household’s income
Local legislation and regulation: laxity, impunity, right to disconnect, fines and penalties.
Political or/and social aspects 1
Human resource policy and staff salaries in the Water Utility
Corruption
Reliability and updating of customers` database (data available)
Active/Inactive customers
Metered/Unmetered customers
Billing ratio / Revenue collection (or recovery) ratio

1

For instance, in some places illegal connections are well known, but disconnecting them becomes a real
political and social issue.
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11. Pressure of service and its impact on apparent losses and wastage
12. Etc.

3.1.4. UAAL and the concept of Unavoidability
The concept and the use of the word ‘Unavoidable’is controversial and it must be emphasized that
unavoidability is not an absolute concept: it always depends on some external factors or parameters.
Examples:
In the case of the real losses, the formula to calculate the unavoidable level of real loss includes the
average pressure of service. The UARL changes when the average pressure is modified in the frame of
a pressure control programme.
It is probably possible to calculate the unavoidable level of metering loss if the type of water meter
that used is defined, the consumption patterns of the consumers and the frequency of replacement of
the meters. But if one of these parameters is modified, the unavoidable level of metering loss will also
change.
In some developing countries there is a very high level of unauthorised consumption due to fraud and
illegal (unauthorised) connections. When a fraud is discovered and regularized, there is a high
probability that it will occur again. Unavoidable level of unauthorised use is dependant upon the
customer’s culture, the national legislation and the Water Utility policy regarding fraud. Changing one
of these factors and the level of loss due to unauthorized use will also change. UALL could be
different in the differs between utilities and countries.
These three examples show challenge of providing a universal definition of the UAAL and as an ALI
indicator.
To be applicable , each water utility (or consultant involved) should undertake the following:
§ A component analysis in order to evaluate the CAAL for each component
§ Estimate what the unavoidable level is for each component considering the present policy
§ Evaluate what are the conditions to reduce the unavoidable level of loss for each component.

3.1.5. Component Analysis
The values of the various categories of apparent losses are independent from each other so,
theoretically, it should be possible to calculate CAAL, UALL and EALL for each category of apparent
loss.
Since some category of apparent loss may be positive or negative the total value will be the algebraic
sum of the components.
For instance:
CAAL = CAAL metering + CAAL data acquisition + CAAL unmetered consumption + CAAL unauthorised consumption
EALL = EAAL metering + EAAL data acquisition + EAAL unmetered consumption + EAAL unauthorised consumption
UAAL = UAAL metering + UAAL data acquisition + UAAL unmetered consumption + UAAL unauthorised consumption
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Some general features of the losses are presented hereafter, before entering into more details in the
definition of indicators.
CAAL metering : the value depends on many factors such as the type of meter (velocity or positive
displacement), the manufacturer (i.e. make), the consumption (demand) pattern of the various
consumers, the age (or date of installation) of the maters and many other operational factors. The
UAAL metering will not have the same value for all utilities and all countries: meters because
consumption patterns are not the same and meter replacement periods different. The application of
UFR (Unmetered Flow Reducer) may also change the value of UAAL.
CAAL data acquisition: Data acquisition errors and data handling errors depend on the technological
environment: level of errors may be higher when data are collected and processed manually. Use of
handheld computers for meter reading reduces meter reading errors. Automatic meter reading (AMR)
cancel meter lad errors. Last generation billing software are more and more reliable. UAAL data acquisition
values depend on the technical environment of the utility and the level of investment made in data
acquisition.
CAAL unmetered consumption: the value will depend on the metering ratio (percentage of unmetered service
connections) and the way their consumption has been estimated. It is difficult to define an UAAL
value in that case. The ideal situation is that all service connections should be
unmetered consumption
metered. But, even in the best managed utilities, there is always a small percentage of unmetered
service connections, for various reasons mentioned in the related chapter.
CAAL unauthorised consumption : the level of unauthorised consumption may be quite different depending on
many factors such as the customer’s culture, the national legislation and the Water Utility policy
regarding the fraud. Due to the nature of the loss it should be difficult to define an unavoidable level of
unauthorised consumption. And if it was possible it will depend on a large number of socio economic
factors rather difficult to quantify.
Practically these AL categories require splitting into sub-categories
Generally:
-

Each utility needs to implement appropriate component analysis to evaluate these values.
The definition of the exact unavoidable level of loss by component is difficult due to the
complexity and nature of the losses as well as due to the number of technical, human and
social factors. It is therefore, more realistic to talk about a minimum achievable level under
certain conditions.

Generally:
-

It is possible to evaluate the economical level of loss EALL for each component: EAAL
metering, EAAL data acquisition, EAAL unmetered consumption and EAAL unauthorised
consumption.

In all cases it is necessary to carry out a detailed component analysis as developed in the following
chapter and in the Part 2 of the Manual.
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3.2. NRW indicators
3.2.1. General
Since 2007 there has been an increasing international recognition that there are two types of
Benchmarking, each of which may require different performance indicators.
These are:
§

“Metric' benchmarking” - year-by-year comparisons of performance between (and within)
Utilities, taking into account their different system key characteristics such as mains length,
number of service connections, customer meter location and current operating pressure. These
indicators are precisely defined so that they can be compared with others;

§

“Process benchmarking”- measuring progress, from one year to the next, towards a specified
target. Also known as performance benchmarking it involves the identification of other
organisations that carry out the same activity in a better manner and the adoption of those
improved methods to improve performance.

In this section a metric indicator such as ILI and ALI are discussed.
NRW indicators are calculated from the values produced from a water balance and therefore they are
interdependent. Although this manual is devoted to apparent losses, it is therefore useful to be
reminded that other NRW indicators include the Real Losses.

3.2.2. NRW as a Percentage of the System Input Volume
NRW and water losses control are the major management concerns for any water utility. The IWA has
defined various financial and operational performance indicators to appropriately monitor the
situation.
NRW as a percentage of System Input Volume is presented by IWA as a financial indicator. NRW is
defined as the difference between the system input volume and the billed authorised consumption
(including exported water) during the assessment period.
This performance indicator is universally used for the following reasons:
-

it is easy to calculate: two data only are needed and most utility are able to measure or assess
what volume is supplied to the system and what volumes are consumed by the customers
for economic and financial reasons a utility’s manager needs to know what percentage of the
water supplied to the system is sold to customers

This indicator is useful for any water utility but it suffers many drawbacks and it cannot be used to
compare the performance of different utilities because:
- each utility have their own way to calculate the ratio
- the value of the ratio depend on both operational and commercial factors
- it provides no information to the manager to assess and monitor both real and apparent losses
a. Calculation procedure of NRW rate as a percentage
The IWA formula is clear but some utilities calculate the ratio in a different way:
-

the numerator may be the NRW volume (which includes UAC) or the water loss volume
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-

the denominator may be the system water input (in that case exported water is considered as
billed consumption) or the volume supplied to the system (i.e. input volume minus exported
water)

The last procedure may lead to large differences in the NRW rate value when the volume of exported
water is significant.
Example: In the following case NRW may be 40% or 53% depending the way it is calculated.

VOLUMES
PRODUCED

VOLUMES
BOUGHT

DISTRIBUTION
SYSTEM

VOLUMES
EXPORTED

VOLUMES
IMPORTED

Figure 8 : Calculation of NRW as a percentage of System Input Value

System Input Volume: 200 Million m3
Billed Volume: 70 Million m3
Volumes exported: 50 Million m3
NRW by reference to System Input Volumes = (200 -70 -50) / 200 = 40%
NRW by reference to Volume Supplied to the System = (200 –70 –50) / (200 –50) = 53%
b. NRW rate value depends on customer’s consumption
The value of NRW rate varies in relation to the water consumption level: NRW rate increases when
the water consumption decreases. In that case the NRW rate increase is not due to the quality of the
management. The use of the NRW rate (%) as a performance indicator may be misleading if additional
analyses are not performed.
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Example: NRW variations due to water consumption variations

Calculation of Non Revenue Water

NRW 1 month

NRW 4 months
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Figure 9 : Periodical variation of the NRW value (example)

The graph above shows the evolution of the NRW ratio on a 3-year period: the NRW is monthly
calculated on a monthly basis, 4-month rolling period basis and on a 12-month rolling period.
The large variation of the monthly calculation has been identified as due to meter lag. The calculation
on a 12-month period is not affected by the meter lag and show a trend which is mainly due to the
action plan implemented during the period. In the green curve based on 4-month period, the meter lag
impact has been deleted and the variations are seasonal variation: the lower the consumption, the
higher the loss.
c. Impact of real and apparent losses
It is of little value to compare the management efficiency of two utilities if one of them operates an old
network with high pressure of service and the other one a new network with low pressure of service.
Two utilities may have the same NRW rate in % but the first one with a high level of real loss (old
network and high pressure) and a low level of apparent loss (performing customer management) and
the second one with a low level of real loss (new network) and a high level of apparent loss (poor
customer management).
Finally, it is of no benefit to know that the NRW rate is increasing or decreasing if the causes are
unknown. However, it is important to understand what the contributions of the various components of
NRW (UAC, RL, AL) are.
These comments show that NRW calculated as a percentage may be useful for financial and
economical purpose but is not appropriate or robust enough to establish a comprehensive NRW
reduction strategy.

Other general indicators recommended by IWA:
Following general indicators are also presented in the IWA Performance Indicator Manual
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-

Water losses (real and apparent) per mains length (m3/km/year)
Water losses (real and apparent) per connection (m3/connection/year):

Both indicators should be used alternatively. The first one applies if service connections density of less
than 20 per km of mains (e.g. bulk water supply)
It is recommended that these indicators are not assessed for period shorter than one year since it may
lead to misleading conclusions. If a shorter assessment period cannot be avoided, special care is
required in result interpretation. External comparisons on such time bases must be avoided.
These indicators are much better performance measure than the traditional percentage indicator
described above. Anyway it does not give any useful information since the impacts of real and
apparent loss are properly separated as recommended by the IWA Water Loss Task Force.
For this reason the IWA Water Loss Task Force has defined more specific performance indicators
related to real losses and apparent losses.

3.2.3. Real Loss
Real loss per mains or per service connection
IWA recommends two specific indicators related to Real Losses.
-

Real Loss per mains length (litre/km/day when system is pressurised)
Real Loss per connection (litre/connection/day when system is pressurised)

Both indicators should be used alternatively: The first one applies if service connections density less
than 20 per km of mains (e.g. bulk water supply)
It is recommended that these indicators are not assessed for period shorter than one year since it may
lead to misleading conclusions. If a shorter assessment period cannot be avoided, special care is
required in result interpretation. External comparisons on such time bases must be avoided.
The Infrastructure Leakage Index (ILI)
In addition the Water Loss Task Force has developed a specific indicator the ILI, Infrastructure
Leakage Index which aims to remove other factors not related to the physical condition of the network
that significantly affect the leakage volume (such as water consumption).
The ILI is defined as the ratio between the actual real losses and the minimum real losses that could be
technically achieved and which are based on an empirical formula given hereafter.
• ILI = CARL/UARL
Where:
• CARL is the Current Annual Real Loss (as established in the Water balance)
• UARL is the Unavoidable Annual Real Loss
The value of the Unavoidable Real Loss of a system is provided by the formula presented in Section
3.2.1.
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The term “unavoidable” applies to a distribution network defined by its technical characteristics
(length of mains, number of house connections and length of the connections) and a given average
pressure of service. Some people say that this term in inappropriate as changing the average pressure
also changes the UARL value. Anyway the UARL is a reference value that may change when the
average pressure is changed what happens when an active pressure control policy is implemented.
Well-managed systems are expected to have low values of the ILI –close to 1,0 –while systems with
infrastructure management deficiencies will present higher values.
The ILI is currently used in many countries and its use, reinforced with active leakage control, has
given significant and positive results.

3.2.4. Apparent Loss
As this is the main topic of this manual the evolution of the IWA Water Loss Task Force position
during the last decade in terms of indicator is described here.
Stage 1: IWA Performance Indicators (Alegre et al. 2000)
In the first edition of the manual apparent losses were expressed in terms of volume lost per
connection (for the distribution system) and per mains lengths (for the bulk supply system). The IWAadvocated performance indicator for Apparent Water Losses was as follows:
§

Apparent Loss in m3/Service Connection/Year for a service connection density of greater that
20 connections per km of mains.

Or alternatively:
§

Apparent loss in m3/Km Mains/Year for a service connection density of less than 20
connections per km of mains.

The field test and the experience of the WLTF have found this not to be the best solution. Some of the
inconsistencies are summarised as follows:
“The above performance indicator is defined within the Alegre publication as an L3-level indicator
(Alegre et al. 2000, p13). This essentially means that the indicator, described as an operational
indicator, provides the greatest amount of specific detail but is still relevant at the top management
level. This should satisfy a basic L3 requirement; that the PI is both technical enough to be useful to
tacticians, while still maintaining the explanatory component much required by the decision-making
strategists. However, the existing PI falls short of a number of requirements that would make a PI truly
effective.
“These are as follows:
1) On the issue of inter-firm comparison: Comparing an Apparent Loss of, say, X m3/
Connection/Year for Company A with Company B, with different tariff structures, different metering
policies and different water accounting mechanisms, simply will not work. An example of this would
be two water authorities, one bound by policy or regulation to utilize volumetric-based water meters
(with a lower starting flow) and the other bound to utilize jet based water meters (with a higher
starting flow).
2) On the issue of intra-firm comparison: Quite simply, what is the best Apparent Loss value for
Company A; is it 2 m3/Connection/Year, or 3 m3/Connection/Year, or maybe 10m3/ Connection/Year?
As Apparent Water Losses are essentially a failure of a water company to measure revenues due, a
purely operational indicator is inadequate, at best.
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3) On the issue of time base: The existing PI looks at a one-year time frame. However, bearing in
mind that a core objective of any PI is to “provide key information that supports a pro-active approach
to management”(Alegre et al. 2000, p3), the existing PI does not allow for the required level of long
range planning.
4) On the issue of project investment: Together with the necessary elongated time base, an Apparent
Water Loss PI must incorporate some form of time value for money. The inclusion of a realistic
‘discount rate’allows for an accurate calculation of both financial gains over time, as well as the
expenses incurred achieving those gains (Rizzo, Halifax, 2005).
5) On a practitioner point of view there are many categories of apparent losses that cannot be logically
connected to number of service connections or length of mains: several connections per property, high
level of unauthorised connections or high illegal use of fire hydrants for instance.
As a conclusion, the follow-up of these indicators may be useful for the monitoring of a specific utility
but it prevents an objective comparison between different utilities worldwide.
Stage 2: IWA Performance Indicators (Alegre et al. 2006)
Based on former comments the use of percentage is now recommended:
- Apparent Loss as a percentage of the volumes supplied to the distribution system (System
Input Volume minus exported treated water). This applies to distribution systems.
- Apparent Loss as a percentage of the System Input Volume. This applies to bulk water
systems.
There is no difficulty in calculating apparent losses as a percentage of the volume supplied to the
distribution network. When the water balance is established each component of the loss – real or
apparent – may be easily calculated as a percentage of the water volumes supplied to the distribution
network: this may be useful to the manager of the utility or to the consultant for economic or financial
reasons such as establishing water tariff.
But from an operational and basic point of view there is no logical relationship between the level of
apparent losses and the volumes of water supplied to the network, as the volume supplied to the
network depends on three components: the authorised consumption, the level of real loss and the level
of apparent loss. Therefore, comparing the management of various utilities on the basis of the apparent
loss as a percentage of the supplied volumes would be quite meaningless.
Stage 3: New proposal: Apparent Loss as a percentage of the authorised billed consumption
Referring to the case of the real losses which is well known, comparing various utilities on the basis of
the AL indicator as a percentage of the Input Volume would be as meaningless as comparing various
utilities on the basis of their real loss as a percentage of the water supplied. In the case of real losses
this incoherence has been noted and analysed worldwide: it has lead to the definition of the ILI which
aims to remove other factors not related to the physical condition of the distribution network that
significantly affect the leakage volume. As far as real losses are concerned, various utilities may be
compared on the basis of their ILI but not on the basis of their real loss calculated as a percentage of
the volumes supplied to the system.
The Apparent Loss Initiative Team has implemented a similar approach in terms of apparent loss,
trying to develop an ALI, Apparent Loss Index.
Due to his complex nature - represented by the four arrows of the AL Cross - the level of apparent loss
is directly linked neither to the number of service connections or the main length ( first proposal) nor
to the value of the volume supplied to the network (second proposal). But it is directly linked to the
billed consumption. So it is proposed to calculate an AL Indicator as a percentage of the authorized
billed consumption.
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-

Apparent Loss as a percentage of the authorised billed consumption

This approach is rather logical as the real consumption of the customers is the sum of the authorised
billed consumption and the apparent losses themselves
In such an approach, the factors that are not related to the customer and meter management are
removed (the real loss for instance) and the value of the ALI only refers to the customer and meter
management of the utility.
Some may object to the fact that the AL Initiative recommends the use of the percentage in the case of
the apparent losses whilst it has been so much advised not using it in the case of the real loss. The
reason is that the context is quite different: referring to the main categories of Apparent Losses, it is
quite usual to use percentage to calculate the metering errors or the level of unauthorised service
connections.

3.3. Proposal for a Reference Apparent Loss Level (RAAL) and
Apparent Loss Index (ALI)
The proposal tends at defining an international reference to evaluate the level of apparent losses: two
new concepts are proposed:
-

the ALI Apparent Loss Index that could be compared to the ILI Infrastructure Leakage Index
that is used for Real Losses

-

the RAAL Reference Annual Apparent Loss Level.
ALI = CAAL / RAAL

In which
-

CAAL is the Current Annual Apparent Loss level

-

RAAL is the Reference Annual Apparent Loss Level, which is calculated as 5% of the
Authorised (Metered or Assessed) Consumption.

Why a Reference Annual Apparent Loss level? And why 5%?
To be consistent with the Real Loss approach the denominator of the formula should have been the
Unavoidable Apparent Loss Level (UAAL). But it has been shown in Section 3.1.4 that it is not
possible to establish a simple formula taking into account the variety of parameters and namely the
human and social parameters.
The amount of parameters required to determine UAAL make it an extreme challenge to establish a
value based upon survey data from water utilities. The only other option is to ‘decide upon’a logically
acceptable value: this has lead to the RAAL concept.
Therefore a different approach has been proposed: defining a reference figure based on the experience
of some well managed utilities. In these utilities the water loss is less than 7% of system input volume
and the ILI is very low; unauthorised consumption are under control; the service connections are fully
metered and there is a well defined metering policy based on economic criteria.
No AL component can be reduced to zero and it is rather easy to demonstrate. But in the well managed
utilities, each component is minimized.
§

Water Metering Loss is minimized through an appropriate meter maintenance and meter
replacement policy.
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§
§
§

Unauthorized Consumption is minimized through proper customer management actions and
procedures.
Misestimate of unmetered consumption is minimized through the installation of meters on all
service connections and a proper maintenance of the meters.
Errors through data acquisition cycle are reduced through proper maintenance of the metering
equipment, and data collection and transmittance equipment.

The management of these “reference utilities”considers that:
§
§
§

the metering loss may be reduce to 4% of the authorised consumption
the unauthorised consumption are less than 1% of the authorised consumption
the other kinds of apparent losses are under control and negligible.

Based on that reference it is possible to adopt the following formula:
RAAL = 5% x Authorised (metered or estimated) Consumption
(expressed in volume)
In which 5% is taken as a default value until actual historic records can demonstrate otherwise:

Comments:
Comments received concerning the use of this default value include the following:
-

Some consultants consider that it is not possible to get 4% metering losses only; based on their
experience the metering error is generally between 6 and 8%, even with effective
management.

-

Some utilities claim they have no metering error at all –or they are negligible –because they
replace their meters every 4 years

-

Other practitioners say that metering errors are negligible because they use a particular type of
meter that the under measurement at low flow rates is compensated by over measurement at
nominal rates (generally it is not demonstrated)

-

Other members say that the unavoidable level of unauthorised consumption cannot be the
same in developed and developing countries; they are probably right depending on the
definition of the word ‘unavoidable”

Many of these remarks make sense, especially when we refer to the confusing concept of
unavoidability. But they are not valid anymore if the RAAL is only considered as a default value.
Other Comments
§
§

§

If some utilities find that their ALI is less than 1: which also occurs with the ILI then it is a an
indication that further control and monitoring is required especially if no measures were
previously put in place to reduce this value to less than unity..
Unmetered customers. In some countries utilities measure all customers, and others nonresidential customers are metered(e.g. New Zealand). In these situations,’% of Water
Supplied’or ‘per service connection’would discriminate against fully metered Utilities, so
‘% of metered consumption’has been chosen as the Apparent Losses PI.
The ALI approach cannot be used when a large percentage of customers are unmetered as
NRW is then not a valid concept.
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Calculation of the ALI –Reasonable range of apparent losses
Following default values are proposed:
ALI = ALI metering + ALI

other AL components

ALI metering = CAAL metering / 4% Vs
ALI other AL components = CAAL other AL components / 1% Vs
Following ranges have also been proposed:
ALI on Metering (based on RAAL = 4% of authorized consumption)
ALI Range

Range

Comment

ALI < 1 or = 1

Good

Acceptable

1 < ALI < 2

Poor

Make Cost/Benefit Analysis

ALI > 2

Very Poor

Action Plan obviously necessary

ALI on Unauthorised use and other (based on RAAL = 1% of authorized consumption)
ALI Range

Range

Comment

ALI < 1 or = 1

Good

Acceptable

1 < ALI < 2

Poor

Make cost benefit analysis

ALI > 2

Very poor

Action plan obviously necessary

Table 6 : Tentative Breakdown of ALI Ranking

These proposals can only be considered as tentative indications.

Comments:
An option is to use different range for developing countries and developed countries. The
disadvantages of this are as follows:
(i) The concept of developed or developing countries is not clear: there are very performing utilities in
developing countries and poorly performing utilities in developed countries.
(ii) The level of unauthorised water consumption is very high in many developing countries due to
different economical and cultural background. Creating different reference level would be a
misleading approach: it would mean that tolerance, impunity and commitment (for both customers and
Water Utility) would be different in developing countries rather than in developed countries;
international comparison would be even a greater challenge.

3.4. Operational Indicators by field of activity
A definition of UAAL is not a prerequisite to addressing AL reduction. An evaluation of the CAAL
and an estimation of the EALL in order to establish an action plan are however, important. The
monitoring of specific “operational indicators” or “metrics indicators” by field of activity is also
important .
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Some operational indicators that are used by many practitioners are mentioned below:
Meter management:
§
§
§
§
§
§
§
§
§
§
§
§
§
§

Percentage of unmetered connections.
Percentage of meters out of operation.
Percentage of poorly installed meters.
Percentage of obsolete meters by diameter.
Indicator on meter over sizing, etc.
Number of flowmeter replaced per year (OP8)
Breakdown of meters by brand (make), type, diameter, date of installation, reading index
value.
Customer meter reading efficiency (OP36)
Domestic customer meter reading efficiency (OP37)
Percentage of active meters (OP38)
Percentage of non metered water (OP39)
Density of water meters (n°/connection) (Ph11)
Time interval for meter installation (QD24)
Etc

Customer management:
§
§
§
§

Percentage of active and inactive connections.
Percentage of connections disconnected for non-payment.
Number of frauds detected by meter readers.
Etc.

3.5. Unmetered customers and the case of utilities that do not use
water meters
Consumers with unregistered or unmetered connections have no motivation to save water. Generally,
it generates over consumption (or wastage): is that to be considered as apparent loss?
When there is no water meter it is clear that the boundaries between “water consumption”, “apparent
losses”or “internal wastage”are difficult to define.
Most of the members agreed that over consumption and wastage due to lack of metering should not be
considered as apparent loss. In fact it seems that the concept of apparent loss cannot be applied to
utilities that do not use meters.
This statement is not completely satisfactory. It is true that the ALI is rather meaningless when there
are no meters installed and read. In that case the problem is not the ALI but the establishment of the
“Revenue Water Column”of the Water Balance itself.
The problem of calculating the volumes that generate revenue may also exist when consumption is
metered: Revenue Water is generally based on the billed volumes. The volumes billed are different
from the volumes consumed for the following reasons:
§
§
§

There is no meter and the consumption is based on flat rates which sometimes have absolutely
no relation to volumes (surface of the premises, taxes etc.)
There is a meter and the volumes billed are different from the volumes consumed depending
on the tariff structure. For instance the u
Utility bills 10m3/month even if you consume less.

These comments show that the establishment of the water balance is very difficult when the customers
are not fully metered (misestimate of unmetered consumption) and in that case the ALI concept cannot
be applied because the definitions for NRW and other indicators are not valid.
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4. GENERAL AUDIT ON RL AND AL: CAAL AND UAAL
Summary
This chapter presents some guidelines on how the water balance is established and used.
Section 4.1 and 4.2 provide general guidelines on how to calculate or evaluate the CAAL. Section 4.3
also provides some general and provisional analysis on the UAAL concept. More detailed methods are
proposed in Chapters 7, 8, 9 and 10 for each of the AL components.
A special attention is paid to error calculation and confidence limit.

4.1. Water Balance: Top-Down and Bottom-Up Approaches
General approach recommended by IWA
The first step of any NRW audit , or more specifically AL audit, is the establishment of the water
balance.
As recommended by IWA (Alegre 2006) the usual steps for establishing the Water Balance and
calculating NRW and water losses are as follows:
Step 1: Define System Input Volume
Step 2: Define billed metered consumption and billed unmetered consumption
Step 3: Calculate the volume of Non Revenue Water as System Input Volume minus Revenue Water
Step 4: Define Unbilled Metered Consumption and Unbilled Unmetered Consumption. Transfer sum
as Unbilled Authorised Consumption
Step 5: Add volumes of Billed Authorised Consumption and Unbilled Authorised Consumption and
enter sum as Authorised Consumption
Step 6: Calculate Water Loss as the difference between System Input Volume and Authorised
Consumption
Step 7: Assess components of Apparent Losses by best means available, add them and transfer as
Apparent Loss
Step 8: Calculate Real Loss as Water Loss minus Apparent Loss
Step 9: Assess components of Real Loss by best means available (night flow analysis, burst frequency/
flow rate/duration calculations, modelling, etc.) add these and crosscheck with volume of Real Loss
previously calculated.
Case of unmetered customers
Particular difficulty is experienced in completing the water balance with reasonable accuracy where a
significant proportion of customers are not metered as the volume of NRW cannot be accurately
determined. Authorised consumption is such cases should be derived from sample metering of
sufficient numbers of statistically representative individual service connections of various categories
and sub-categories and/or by measurement of total flows into discrete areas of uniform customer
profile, also of various categories and sub-categories. In the latter method, subtraction of leakage
demand from total input is necessary, leakage being determined by analysis of the sub-components of
night demand, adjusting for diurnal pressure variation as appropriate. The confidence grade allocated
to the authorised consumption should reflect the rigour of the investigations.
Top-down and bottom-up approaches
There are two general approaches for the establishment of the water balance:
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§
§

the top-down approach where there is a first estimate of the apparent losses, generally
based on percentage) that enables the calculation of the CARL (CARL = Water Loss –
CAAL)
the bottom-up approach where the CARL is evaluated from the measurement of the
minimum night flow (MNF) and CAAL is calculated by the formula CAAL = Water Loss
–CARL

When it is possible to use both methods it is possible to check if the calculations are consistent or not2.
Unfortunately:
§
§
§

the first approach is often based on an approximation of the apparent losses 3
the second approach is not always applicable or may require a large investment (to install
DMAs for instance)
The interpretation of the MNF is difficult especially when it the boundary between
leakage from the distribution network and unmetered leakage within customer’s premises
cannot be clearly defined.

Boundary between Real Loss and Apparent Loss
Defining the exact boundary between real and apparent loss can be a significant issue for some ater
utilities. The volumes that are consumed by the customers at a very low flowrate are not registered by
their meters. These volumes are apparent losses (under-metering). But when the real losses are
extrapolated from the Minimum Night Flow value there is a risk for these apparent losses will be
registered as a large part of the real losses. There is also a risk for these losses to be accounted-for
twice, as both a real losses and as apparent losses. This risk must be taken into consideration during
the establishment of the balance.
Direct evaluation of Apparent Losses
Whatever the approach is there is a need for a direct evaluation of the apparent losses.
Therefore, the Apparent Loss Initiative recommends developing some methods and guidelines in order
to directly measure or estimate each component of the apparent loss.
Checking the figures of the water balance will be easier if each component of the real and apparent
losses are estimated directly, rather than deducting CAAL from the estimation of CARL or vice versa.
Then it will be possible to check the consistency of the figures.
In order to measure or estimate the various apparent losses it is necessary to consider two steps:
§
§

Analysis of the customer database
Field surveys: estimating AL without field survey would be as incoherent as estimating
the ILI without any field pressure survey.

The audit of the customer database (even when it is a poor database) enables to detect anomalies and
discrepancies. It is a prerequisite in order to define any further field survey.

2

The checking is done through the bottom-up approach and the measurement of the minimum night flow. But
this bottom-up approach is not always possible and the minimum night flow not always can be measured. There
are many examples in developing countries where distribution networks are not continuously pressurised and
where domestic tanks are filled up at night or once a week. Night flow is then higher than day flow!
3

In many cases a rough figure is given to evaluate AL without any field confrontation: 5% metering losses and
3% customer losses for instance, where percentage is applied to billed volumes). This kind of approach is as
dangerous as the one that consists in calculating UARL and ILI without any pressure measurement campaign!
Preliminary field work is a must.
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These Guideline Notes recommends the use of all three approaches. Top Down and Bottom Up
approaches need to be completed by specific field and lab surveys based on sample surveys or pilot
areas surveys in order to get a direct estimation of each kind of apparent loss. The lack of direct
evaluation and especially the use of rough percentage and/or default values may be very misleading in
that respect. This point is emphasized in Section 4.4 about confidence limit.

4.2. Apparent Loss (CAAL) evaluation and Component Analysis
1. Emphasis on Field Surveys
It is unwise to calculate ILI or ALI by using the limited data available from some types of periodical
corporate reports, as is sometimes done for NRW percentage calculations of water input or for the total
loss per km and per day.
CAAL can only be determined from field surveys just as , for example ILI can only be determined
from reliable assessment of average pressure.

2. Quantifying each AL component
In the case of apparent losses, field surveys, laboratory experimentation or measurements are
absolutely necessary to quantify each component of the apparent loss.
In a very preliminary stage (i.e. for a high-level planning phase), CAAL may be assessed through a
benchmarking approach. However, because there are so many parameters that conformation from field
surveys is needed required before any meaningful strategies can be developed.

3. Methods for quantifying CAAL for each component.
A list of suggested methods (or part of methods) is presented in the Table 7 below with greater details
provided later in the text:
Categories of
AL

Subcategories
Cases
of AL
System Input
and Water
Error in bulk metering
Supplied
Error in data capture and
transmittance
Errors through
Manual or semi manual
Data
Errors in
Meter reading
Acquisition customer
Cycle
metering
Automatic Meter reading
Data
processing
errors
Metering
Errors

Billing system errors
Errors in other data
manipulation
Aging

Meter errors
(small
consumers)
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Inappropriate meter
installation
Impact of customer's inhouse installation

CAAL
Method for evaluation

UAAL
applicability

Calibration procedures
(protocol of calibration)

No

Technical audit

No

Sampling and Field
survey
Technical audit
Billing system and
procedures audit
Customer management
and procedures audit
Sampling /Customer.
Profile / Meter Errors
graph.
Sampling and field meter
tests
Sampling / Census / Lab.
Tests
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No
No
No
No
Yes (but
difficult)
No
Yes (but
difficult)
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Meter Aging

Meter Oversizing
Meter errors
(large meters)

Inappropriate meter
installation
Impact of customer's inhouse installation
(domestic tanks for
instance)
Meter out of operation

Meter
management

Errors in meter reading
Invented meter reading

Registered
customers
Unauthorised
consumption
Unregistered
customers

Misestimate of
unmetered
consumption

Network
equipment
Small
consumers
Large
consumers

Meter by-pass and other
fraud
Additional Unregistered
connections
Disconnected customers
illegally reconnected
Non active customers
illegally reconnected
Unregistered (illegal)
connection
Unregistered consumption
in low income areas
Water theft from hydrants
or other equipment

Sampling /Customer.
Profile / Meter Errors
graph.
Sampling /Customer.
Profile / Meter Errors
graph.
Sampling and field meter
tests

Yes (but
difficult)

Sampling / Census / Lab.
And Field Tests

Yes (but
difficult)

Sampling and Meter tests

No

No
Yes (but
difficult)

Computer analysis / Field
check
Computer analysis / Field
checking
Sampling and Field
surveys
Sampling and Field
surveys
Sampling and Targeted
Field surveys
Sampling and Targeted
Field surveys
Sampling and Field
surveys
Sampling and Field
surveys
Sampling and Field
surveys
Sampling and Field
Surveys

Yes (but
difficult)
Yes (but
difficult)
Yes (but
difficult)
Yes (but
difficult)
Yes (but
difficult)
Yes (but
difficult)
Yes (but
difficult)
Yes (but
difficult)

Meters must be installed

No

No
No

Table 7 : Apparent Losses - CAAL and UAAL

Table 7 provides selected examples of the causes of apparent losses. They are classified by category
(as in the AL Cross) and subcategories.
The objective of classification by subcategories and cases is to show the number of sampling and field
or laboratory surveys that are necessary to cover the whole topic. For instance
-

field surveys related to domestic consumers will differ from those related to large customers

-

laboratory survey on aging (or the deterioration meter’s measurement error) will not be truly
representative if these meters were incorrectly installed

The fourth column describes the methods that can be used to evaluate the losses: mainly, technical
audit, laboratory sampling survey or field sampling surveys.
In the case of sampling surveys the extrapolation will be considered as valid only when the sampling
procedure is valid. The confidence limits of the CAAL values relate to the choice of the sampling
procedures.
The only interest of the last column is to show in which cases there is an unavoidable of loss but in
fact the quantification is not very useful as shown in the next section.
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4.3. UAAL (Unavoidable Apparent Losses)
The last column of Table 8 presents an opinion on the feasibility of calculating an unavoidable level of
loss for each case.
In many cases it is not possible to quantify an unavoidable level of loss; in other cases it is
theoretically possible to define an avoidable level but it will depend on a large number of parameters
and the answer will differ for every utility.
Some examples:
(i) In the case of “unauthorised consumption” it cannot be reduce to zero, even in
developed countries. However, fixing an UAAL formula based on local social
background will create some unacceptable level of impunity for the consumers. Also,
it will reduce the commitment of the water utility itself. And finally, international
comparisons will be meaningless.
(ii) In the case of “metering inaccuracy”it is not a straight forward technical issue. As
there are a variety of meters with some generating a systematic average underregistration and others generate a systematic over-registration. Meter choice depends
on a variety of parameters including pressure, customer’s consumption profile and
water quality. Each country has its own regulation in terms of meter replacement.
Finally, the use of smart meters, smart valves, flow manipulation valve (such as UFR),
new generation of small electromagnetic customer’s meters etc. will likely require
consideration of other variables when addressing the “metering inaccuracy issue”.
In addition the evaluation of the unavoidable level of apparent loss will be of little benefit because
EALL is greater more importance for a utility. This reinforces the recommendation given in the
previous chapter where the concept of Unavoidable Annual Apparent Loss, UAAL, has been replaced
by the concept of Reference Annual Apparent Loss, RAAL.
- RAAL = 4¨% of billed volumes for metering losses
- RAAL = 1% of billed volumes for other apparent losses

4.4. Field and laboratory surveys: sample and pilot areas
The specific studies that are needed to achieve the audit should be carried out in pilot zones or,
preferably, on samples of pipes, customers, meters, etc.
Pilot areas and samples must be chosen such that the results obtained may be realistically extrapolated:
the sampling approach is generally more appropriate to that respect provided that the samples have
been properly defined and based on a statistical approach.
When a single pilot area is selected, the results generally cannot be extrapolated since this pilot area
does not represent the whole of the city. It is generally necessary to select several pilot areas
representing the various parts of the city and based on urbanism and social criteria.
The other advantage of the sampling approach is that it is more appropriate than the pilot area
approach because it enables to assess individually the various components of the apparent loss as
described in Table 7.
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Examples:
- the multi-use investigation or census of the consumers, in well defined zones, in order to
detect the technical and administrative anomalies, and in particular the possible fraud;
- the passage of meter samples on the test bench to study their behaviour and to determine their
useful lifespan,
- data-logging to determine the customer consumption profiles (i.e. demand patterns),
- tests on new types of meters,
Example 1: Unauthorised consumption and other customer anomalies
A mini pilot census will provide a first indication on the importance of possible fraud and other
anomalies, which could exist between the field reality and the technical and customer’s databases.
The investigations will cover 3 to 5% of the customers who will be selected according to their
geographical locations, their types, and their social conditions. It is also necessary to carry out more
specific investigations on samples of customers with zero or abnormally low consumptions or even
samples of customers that are supposed have been cut-off or having terminated their contract.
It will be necessary to ensure that the following ratios are found:
- percentage of inactive clients, illegal consumption / total number of inactive customers visited
- percentage of non-registered customers / total number of customers visited
- percentage fraud on the water meters / total number of meters visited
- percentage of anomalies found in the field with respect to the data on the existing files
At the end of the pilot study, it will be possible to define the most appropriate type of investigation to
be operated through the action plan:
- exhaustive census
- partially localised census
- targeted investigations on one or more different types of anomaly
Example 2 Billing losses
In addition to the unauthorised consumption (illegal service connections or frauds), billing losses may
be the result of different causes:
- incorrect tariff application,
- meter reading errors or absence of reading,
- billing corrections –or discounts for example - not taken into account.
The customer services management must rely on clear procedures that are regularly audited at the
different levels of the personnel concerned: installation of a meter, meter reading, back office and front
office, bill delivery etc. The errors and the anomalies must be the subject of detailed investigations that
will sometimes call into question and improve the procedures.
Concerning the meter reading procedures, the following points must be the subject of a specific
analysis, or even an audit:
- quantity of unread meters (why ? and since when ?);
- critical analysis of the meter reading;
- control on unread meters (second reading, inspection etc.);
- quantity of estimated bills;
- factors used for the estimation.
Example 3: Under measurement
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The errors by under measurement are most often found in:
- the over sizing of the meters;
- the ageing of the meters that leads to a progressive deterioration of their error of measurement.
It will be necessary to conduct several types of analysis
- structure of meter fleet and detection of the large customers: it is frequently the case that 3-4%
of the customers consume more than 50% of the total consumption;
- verification via the customer database of the probability of the over sizing of the large
customer meters;
- verification of samples of meters using data loggers;
- definition of the consumption profiles for each type of customer;
- laboratory testing to establish error graphs of meters samples of different ages and volume
usage.
These methods are detailed in the second part of the manual.

4.5. Default values approach
In some countries “default values” by apparent loss item have been defined by the national water
organisations or regulators. Any claim greater than the default value requires validated Utility specific
data 4.
This approach may provide some assistance in terms of global strategy especially with respect to
regulation and tariff setting. However the use of default value within the water balance may have a
negative and misleading impact. If the true value is far above the default value it may lead to a
significant over estimation of the real loss.
This reliance on default values instils less confidence in the results produced. Any Water Utility
should have a more realistic and practical approach to assess its own levels of apparent losses.
.

4.6. Accuracy and Confidence Limit
The direct estimation of the AL components must always include an evaluation of the
accuracy and confidence limit as defined in Section 2.8.

4

In Australia for instance, in 2008, default values are the following:
§
0,5% of water supplied (input water less bulk exportation) for Unbilled Authorised Consumption
§
2,0% of Metered Consumption for Under-Registration of customers’meters,
§
0,1% of water supplied for Unauthorised Consumption
If a Water Utility uses values greater than the above defaults, sufficient data must be provided to satisfy an auditor as to the
accuracy of those values used. As a minimum the following must be provided (for meters), a profile of the meter fleet,
including age and type and the sampling regime used to determine accuracy
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5. ACTION PLANNING AND DYNAMICS OF LOSSES
5.1. Action Planning
The concept of water balance of a water supply system is currently well known and commonly used to
assess both real and apparent losses (Alegre et al 2000). But this balance only gives a picture of the
situation in terms of Revenue and Non Revenue Water (NRW) during a specific period of time,
generally one year. Action planning to reduce and control for NRW is about how the water balance
will gradually change when an action plan is carried out, and finally reach a new equilibrium
represented by a new targeted water balance.
A complete action plan consists of a full range of actions to get the various components of the water
balance under control:
The following scheme shows that Water Loss control projects need to be considered in a three
dimensions such as; the change management, the project management and the operational
management dimensions. Sub-optimal results are achieved if all these dimensions are not considered
together.

Change Management Dimension
Project Management Dimension
Operational Dimension
o Bulk Metering
o Customer Management and Water Sales
o Service Water and Other Free Consumption
o Real (Physical) Losses
o Apparent (Commercial) Losses
o Apparent (Metering) Losses
o Target Setting
o Quality, Cost, and Time Objective Setting
o Adequate Human, Physical and Organizational Resources
o Correct Project Management Policies and Procedures
o Change Project Definition
o Stakeholders Survey
o Culture Web Analysis
o Organization Context Aligned with Change Project
o Change Management Team Assigned
o Strategy for Change Project Defined and Change Kaleidoscope

Figure 10 : NRW Control as a 3-Dimension Structure

•

The operational dimension looks at the creation of a current and targeted water balance for the
water utility. It defines the technical and operational activities that are required to progress
from the current to the targeted water balance, and clarifies the corresponding resource
requirements.

•

The project management dimension. Professional project management requires a project
champion, a committed team, quantified objectives, time scheduling, resource commitment,
and adequate tools and techniques for the project to be successful.
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•

The change management dimension. This dimension looks at the readiness or willingness of
the water utility to address NRW project issues, such as institutional and stakeholders’
support, a clear mandate, and an established project strategy. Many action plans have failed
for having ignored the essential change management dimension, the study of which should
always be considered as a prerequisite for a NRW reduction program.

These topics come out of the frame of the Apparent Loss guidelines and are developed in the last part
of the Guidance Notes
However addressing Real Loss only or Apparent Loss only is a frequent cause for failure for reasons
presented below
Progression from the initial water balance to the targeted one requires considerable analysis and
simulations. Experience shows that many plans have failed due to inadequate assessment of the initial
situation and to a poor or wrong estimate of the impact of the forecasted actions. This chapter gives
some guidelines to avoid these failures. It provides some additional guidance on how these concepts
and indicators can be usefully used in the frame of action planning modelling.

5.2. Dynamics of Losses
Main causes of failure in action planning
In any water supply system there is a natural entropic tendency to disorder and misinformation: if
nothing is done, there will be an accelerated propagation of leaks and occurrences of defective water
meters as well as the accumulation of out-of-date information in the database.
Therefore, the value of the network efficiency at any moment is the combined result of the natural
deterioration of the installations and the procedures that have been put in place since their creation by
the technical and customer services sections to fight this deterioration.
To counter this natural tendency it is necessary to understand what the causes of this deterioration
process are and to carry out appropriate actions to minimise the negative effect of these causes. This
may either be: (i) appropriate procedures to keep the loss ratio at its current value; or (ii) an
appropriate action programme to meet specific efficiency targets. This is called the action plan and it
includes many components such as the targets, list of the actions to carry out to meet the target, human
and material resources, budget, time schedule, etc.
There are many reasons why an action plan may fail, for example if there are no improvements in the
water loss indicators, if the improvements are less than scheduled, if the improvements do not meet the
time schedule, if capital cost is much higher than scheduled, if the results are not sustainable, etc.
Ways to avoid these failures have been mentioned previously. The following are some of the main
causes for failure: the time schedule is not controlled; the possible returns of the anomalies are not
quantified; and potential interactions between the various kinds of losses are underestimated. These
considerations have resulted in the proposal for some new concepts and indicators that are defined and
commented in this Chapter.
Time Factor (TF) and Visibility Threshold (VT)
The Time Factor for one specific action is the period of time that it takes from the implementation of
the action until the moment it impacts the water loss indicator. The Visibility Threshold is the moment
when the impact of the action becomes noticeable (inflection on the water loss graph).
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How many detected and repaired anomalies will there be before there is a visible impact on the value
of losses and relevant performance indicators? Sometimes the utility management fails to complete the
project and abandons it even before the target threshold is achieved. This is unfortunate as it is only
after the detection threshold has been reached, that there will be an accelerated improvement due to a
“snowball effect" that will eventually ensure the success of the project.
Some examples related to various types of losses are given as follows:
(i) It is common that reducing real losses leads to reducing water input into the surveyed areas. This is
true, but considering an example of a large distribution network repairing some small leaks may be
insufficient in impacting the volume of water input. The visibility threshold on the water input will
only be met when the volumes saved are sufficiently large to impact the volume supplied. This is the
main purpose of district metered areas (DMA); the smaller the DMA, the easier the leak detection and
the measurement of the repair impact. The visibility threshold is met sooner in a DMA than in the
whole utility service area. The same approach may be applied to the various categories of apparent
losses such as under-metered and unauthorised consumption.
(ii) If the water utility decided to renew the consumers’meters because the error (under metering, thus
underbilling) is increasing by 0.5 % annually, i.e. more than 5% in a 10-year period. This action
should lead to some calculable increase in the water sales. What is the visibility threshold and how
long does it take to reach it? It is a precision matter. In addition, it may be difficult to appreciate the
visibility threshold when the meters are read once a year or when there are important seasonal and
yearly variations in the consumer’s consumption.
With respects to the water leakage the impact can be appreciated by the review and assessment of the
minimum night flow. With respect to apparent losses it may be more difficult due to the frequency of
meter reading.
The visibility threshold for each action will also depend on the rate of return of the anomalies. In the
case of a complex action plan involving various actions the visibility threshold of the plan will also
depend on possible interactions between the various components of the plan.
The Coefficient of Return of Anomalies (CRA)
The name is self-explanatory and applies to both real and apparent losses. When one hundred
anomalies are corrected in the time frame of the action plan, what number of similar new anomalies
will occur due to the natural deterioration process? The CRA is an indicator that can be calculated as a
percentage. The following examples are considered:
(i) After detected and repaired many leaks in the distribution network, new leaks will appear during
the next months. Implementing annual active leak detection in the same areas, the CRA may be 1
(100%), less than 1 or more than 1. When it is 1 or more than 1, the visibility threshold on the water
input figures may never be reached. The policy then requires reviewing: pressure control or pipe
renewal might be more effective. In the case of real losses the present concept of CRA covers the
existing concepts of Natural Rate of Rise (NRR) and Infrastructure Condition Factor (ICF) (Fantozzi
and Lambert 2005, Lambert and Lalonde 2005)
(ii) In the case of the meter replacement campaign, the utility may decided to replace 5% of the meters
every year because the errors are increasing by 0,5% every year. Remember that meters that have not
been replaced that year (i.e. 95%) are continuing to lose 0,5% a year. It is easy to calculate the CRA
for under metering and the minimum number of meters required to reduce the total loss due to under
metering.
(iii) The detection and regularisation of unauthorised connections can be matched by the occurrence of
a similar number of new unauthorised connections. When the Utility disconnects 100 customers for
fraud or non payment, how many disconnected customers will reconnect their connection illegally?
The CRA needs to be assessed to know what is the global impact of the actions and, obviously, to take
appropriate corrective actions at the management level.
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These examples show that there are obvious relationships between the Coefficient of Return of
Anomalies (CRA), the Visibility Threshold (VT): the highest the CRA, the longer the TF and more
remote the VT.
The Migratory Attribute of Losses (MAL)
Generally speaking, any action may have side-effects and these effects need to be forecast and taken
into account in the design of the action plan.
When a volume of water is saved through a leak detection campaign part leads to a reduction of the
water input however, another portion may be lost through other leaks or apparent losses.
This concept applies for instance to the automatic transformation of real losses into apparent losses
under certain circumstances. If the leak repair creates pressure increase and new leaks or if the water
saved from the leak repair campaign is used to supply some inadequately served and metered areas,
the visibility threshold on production will be higher, or may never be met. Some consumers will
transform a part of the water saved into apparent losses through unmetered additional consumption.
This is called the migratory nature of the loss.
This concept is of paramount importance because if some MAL phenomenon occurs, it completely
distorts the former TH, VT and CRA analyses and the final target may never be reached.
Dynamics of Losses and Migratory Attribute of Losses
In the following diagram, the central ellipse represents the water loss and is divided into two parts; the
real loss and the apparent loss.
In order to reduce the real loss four categories of actions are possible and may be implemented
together or separately: fast burst repair, pressure control, active leak detection and pipe replacement.
In order to reduce the apparent loss there are also four categories of action which are linked to the
various categories of apparent losses: data handling, meter errors, misestimate of the unmetered
consumption and unauthorised consumption.
In addition, some real losses may be transformed into apparent losses and vice versa.

Active Leak
Detection

Pressure
Control

Pipe
Replacement

Fast burst
repair

Real
Losses
Apparent
Losses
Data Acquisition
Errors

Metering Errors
Underestimate of
unmetered accounts

Unauthorised
Consumption

Figure 11 : Dynamics of Water Losses
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These 10 arrows are the basis of what is called the dynamics of loss. Not considering them may lead to
failure.
These arrows are 2-way arrows; it means that implementing the action lead to loss reduction but not
implementing it may lead to loss increase.
Some simple examples:
-

The utility implements an effective leak detection programs but does not get the apparent loss
under control: the increase in apparent losses may compensate the decrease in real loss. The
NRW value may remain the same.

-

The utility implements an effective meter replacement policy but does not control the
unauthorised use: the increase in the unauthorised uses may compensate the decrease in
metering losses.

-

The utility implements an effective leak detection campaign to reduce water shortage and
provide more water to the customers: unmetered customers will consume more water and will
continue to pay flat rates. The increase of apparent loss by misestimate of the unmetered
consumption may compensate, or partly compensate, the decrease in real losses.

These example shows that a global approach involving all categories of losses should always be
implemented. It is recommended to build a model to simulate the dynamic evolution of the losses
when going from the current level of loss to the targeted one.

5.3. The Operational Dimension

Data
Under
Metering Acquisition
estimate of Errors
Errors
unmetered
customers
Unauthorized
Consumption

Real Losses
Billed Water
Consumption
Unbilled
Authorized
Consumption

Figure 12 : Water Balance under a pie chart

Figure 12 is a pie chart representation of the water balance and suggests what the various
components of an operational action plan should be:
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-

Water System Input (the whole circle)
Authorised billed consumption (water sales)
Unbilled authorized consumption
Real Losses
Apparent Losses broken down into:
• Meter errors
• Unauthorised consumption
• Misestimate of unmetered consumption
• Data acquisition errors

Based on the dynamics of losses, any action plan should include these various components to
avoid any possible interaction between the various categories of losses.

5.4. Getting apparent losses under control
Following table shows a range of actions that may be implemented to get apparent losses under
control. Some of them are described in the second part of the Guidance Notes

Categories of
AL

Subcategories
of AL
System Input
and Water
Supplied

Errors through
Data
Errors in
Acquisition customer
Cycle
metering
Data
processing
errors
Metering
Errors

Cases

Error in bulk metering
Error in data capture and
transmittance
Manual or semi manual
Meter reading
Automatic Meter reading
Billing system errors

Inappropriate meter
installation
Impact of customer's inhouse installation

Meter errors
(large meters)

Meter Aging

Meter Oversizing
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Establishment of calibration protocol
Calibration procedures
Large meter replacement
Technical Audit
Repair or replacement
Audit of the meter reading procedure
Use of
Technical audit
Installation of an AMR system
Billing system and procedures audit
Improvement of the existing billing system
Purchase of a new billing system

Errors in other data
manipulation
Aging

Meter errors
(small
consumers)

Type of Actions

Specific audits
Definition of the aging curve
Meter Replacement policy
Use of UMR (unmetered flow reducers)
Define standard procedures
Training
Replacement of non-standard installation
Carry out laboratory survey
Select most adapted meters
Use of UFR
Definition of the aging curve
Meter Replacement policy
Establish Customer’s consumption patterns
Check the size
Replace meters when oversized
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Inappropriate meter
installation
Impact of customer's inhouse installation
(domestic tanks for
instance)
Meter
management

Registered
customers
Unauthorised
consumption
Unregistered
customers
Network
equipment
Misestimate of
unmetered
consumption

Small
consumers
Large
consumers

Meter out of operation
Meter by-pass and other
frauds
Additional Unregistered
connections
Disconnected customers
illegally reconnected
Non active customers
illegally reconnected
Unregistered (illegal)
connection
Unregistered consumption
in low income areas
Water theft on hydrants or
other equipment

Define standard procedures
Training
Replacement of non-standard installation
Carry out laboratory survey
Select most adapted meters
Use of UFR
Define detection and fast repair procedure
Customer database survey
Targeted field survey
Customer database survey
Targeted field survey
Customer database survey
Targeted field survey
Customer database survey
Targeted field survey
GIS approach
Field survey
Multi purpose approach including social
and communication components
Install more secure equipment
Develop security procedure
Specific supply procedures
Water meters to be installed
Sampling surveys for unmetered
connections
Water meters to be installed

Table 8 : List of Actions to reduce Apparent Losses
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PART 2
COMPONENT ANALYSIS AND BEST PRACTISES

Provisional summary
A specific chapter is dedicated to large meter since the most precise measurement of input water is a
prerequisite for the establishment of the Water Balance.
For each category of apparent loss – metering errors, unauthorised consumption, data acquisition
errors, errors on consumption estimate - the objective is to propose methods to assess the loss, to
reduce it and to get it under control.
Considering the variety of technical and social backgrounds over the world a wide range of solutions
is proposed to assist the practitioner in finding the most adequate solution to his personal issues. It
ranges from the usual procedures to improve operation efficiency to the most recent techniques. More
stress has been put on those techniques.
In addition to the apparent losses this part also concerns the Unbilled Authorised Consumption and
the Unpaid Bills. Both items are not classified as apparent losses but they may sometimes generate
apparent losses and, anyway, they always generate financial losses.
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6. UNBILLED AUTHORISED CONSUMPTION
Summary
Despite unbilled authorised consumption (UAC) is not being an apparent loss, it needs to be
measured or assessed in order to establish the water balance. Underestimating or neglecting
UAC in any top-down or bottom-up approach would lead to overestimated values of real or
apparent losses. In addition, the value of UAC needs to be optimized for obvious financial
reasons. Therefore this topic logically finds its place in this part of the Guidance Notes.

6.1. Definition and basic issues
Unbilled authorised consumption (UAC) is not classified as apparent losses but it is a component of
Non Revenue Water. Therefore a proper evaluation is required to establish the water balance.
This component is often neglected by the operators and it may lead to misevaluation in the apparent
and real losses.
The unbilled authorised consumption may be classified into two categories.
§

Servicing: the volumes of water that are used for operation purpose by the Utility’s operator
itself
§ Free water supply: the volumes of water that are provided free of charge to some categories of
consumers
Servicing consumption is common to all water utilities: tank cleaning, pipe cleaning (or flushing),
water discharge to preserve water quality, hydrant (flow and pressure) tests, specific water treatment
devices (e.g. network chlorinators), and others.
Free water supply may cover a lot of specific cases depending on contractual arrangement or local
habits. In some cases the Utility cannot bill for some type of use by law (e.g. fire fighting), and in
some other cases it does not wish to bill itself (e.g. a Municipality with its own buildings, parks and
gardens etc.)
For instance, the Water Utility –that may be private, municipal or national – may provide water free
of charge:
§
§
§
§
§
§
§
§
§
§

to its own premises
to the municipal and government premises
for street and market cleaning
for the cleaning of sewage and sewerage facility, managed by itself or by other entity
to its own staff
to the staff of the municipality
to some specific organism: church, mosques,
to some VIP
to some public stand pipes
to water tank lorries operated by the Utility or external vendors

The basic issues are the following:
§ inventory of the UAC
§ quantification of each type of UAC: metered or not metered
§ legal aspects: on which legal basis these kinds of consumption have been authorised,
§ economical aspects: how to reduce the UAC as a NRW component?
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6.2. Inventory and quantification
The inventory needs to be as exhaustive as possible. At this stage it is necessary to consider all the
cases where a consumer receives water without being invoiced.
Considering the variety of cases in various national contexts it is not possible to provide a standard
and exhaustive list of cases. Following table provides an example of UAC breakdown that needs to be
adjusted and completed by each Water Utility according to special analysis. Some examples are given
at the end of this chapter.
In terms of quantification of the UAC, the best method is obviously the installation of a water meter.
But it is not always possible. When it is not possible, volumes consumed need to be estimated. In other
cases a standard value can be adopted based on statistical analysis (cf. §.5.4)
Following table provides a general breakdown of UAC and general information on methods to
evaluate CAAL. The last column is about the applicability of the concept of unavoidable level of
consumption. This point is important in the frame of an analysis to reduce UAC as an NRW
component.

Category of
UAC

Types of UAC

Metered/Unmetered

CAAL
Method for evaluation

Unavoidable
Level
Applicability

Tank cleaning

unmetered

estimated or standard volume

Yes

Pipe cleaning

unmetered

estimated or standard volume

Yes

Servicing (or Discharge
field operation
consumption) Hydrant tests

unmetered

estimated or standard volume

Yes

unmetered

estimated, metered or standard volume

Yes

Water treatment devices

metered/unmetered

estimated, metered or standard volume

Yes

Others

metered/unmetered

estimated, metered or standard volume

Yes

Utility staff

metered/unmetered

estimated or metered volume

Special Customers

metered/unmetered

estimated or metered volume

metered/unmetered

estimated or metered volume

metered/unmetered

estimated or metered volume

Consumption
Utility premises
Free of charge

Others

No, should be
metered
No, should be
metered
No, should be
metered

No, should be
metered

Table 9 : Breakdown of Unbilled Authorised Consumption

Wherever feasible, unbilled authorised consumption should be metered to improve the reliability of
the Water Balance and the Financial Balance

6.2. Legal aspects
The list provided in Table 9 refers to the UAC volumes that are not billed. But are these free
consumptions really authorised? How to define the legitimate UAC?
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Several approaches may be envisaged.
(i) Using the IWA PIs Manual definition.
The manual mentions that unbilled authorised consumption may include items such as fire fighting
and training, flushing of mains and sewers, street cleaning, watering of municipal gardens, public
fountains, frost protection, building water, etc., if these are unbilled.
These may be metered or unmetered, according to local practices.
We could argue that anything not in the list then becomes unauthorised. But this position does not
seem acceptable because the list of the manual is not presented as an exhaustive list. Maybe is it
possible to consider to complete the list in a next edition?
(ii) Using a pragmatic approach
Servicing consumption generally does not create any problem and it is recognised anywhere as
unbilled authorised consumption. The only problem refers to the level of servicing consumption that
should be optimized. This point is treated further.
As far as the other kinds of UAC are concerned the authorisation may be based on:
§
§
§
§

Statute of the Utility
Laws, bylaws or any juridical document
Decision by the management of the Utility
Non-written agreements or habits

It is recommended that utilities draw up their own list of what they consider to be unauthorised
unbilled consumption. Legal justifications need to be mentioned and non justified cases need to be
questioned.
Note: Using this pragmatic approach, it clearly appears that the concept and the definition of UAC will
not be uniform worldwide. It creates some discrepancy in the calculation of NRW. But it must be
recognised that the same discrepancy does exist when one uses the PIs Manual definition that
recognised that: “some consumptions may be considered as UAC by some Utilities whilst the same
consumptions are billed by other utilities”.

6.3. UAC reduction and Economical aspects
As a component of NRW, UAC needs to be reduced as much as possible. There are two obvious ways
to reduce UAC volumes it in all the cases:
§
§

Minimize Service Water. Many Utilities use much more water than necessary for servicing;
each use needs to be optimized.
Detect the consumers who have no right for receiving water free of charge and bill them.

How to reduce UAC?
In addition to the general recommendation referring to metering and case inventory, some examples
are presented hereafter:
§

Limitation of the free supply based on a limited free volume: for instance when the Utility
provides free water to its employees, the volume must be metered and the gratuity is limited to
20m3/month. The full gratuity and the lack of metering are dangerous: in some cases
employees were providing water (free or not) to their neighbours: UAC was transformed into
Apparent Loss as Unauthorised Consumption.

§

Improved operation procedures enable to reduce service water: for instance it is recommended
to start the cleaning of the water tanks when the water level is the lowest in the reservoir.
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§

Some chlorinators installed on the water distribution system may have a significant water
consumption: select the device with the lowest consumption

Economics
All unbilled authorisation should be valued at the sale price of water (for the financial balance)

Case of national regulation:
Some cases are more complicated. When there is a high level of regulation, authorised consumption,
be it billed or unbilled, metered or unmetered, own use/service or other, is only a loss provided it does
not exceed the allowance explicitly included in the tariff by the regulator or internal target. For this
reason, unauthorised consumption that is not subject to a tariff needs to be monitored to make sure it is
within limits.

6.4. Summary
Main recommendations:
§
§
§

Utilities should draw up their own list of what they consider to be ‘authorised’unbilled
consumption and give appropriate justification (bylaws or others)
Wherever feasible, unbilled authorised consumption should be metered to improve the
reliability of the Water Balance and the Financial Balance
Unbilled authorisation should valued at the sale price of water (for the financial balance)

6.5. Case Study
1. Canada: Example of UAC List (operational service consumption)
D4: Fire training using hydrants
Page 5, Section 2)

(See

D4: Fire Fighting: filling engines
D4: Fire Fighting direct from mains
D4: HRM Street Cleaning
D4: HRM Sewer Cleaning
D4: HRM Sewer Flushing from hydrants
(See Page 5, Section 3)
D4: Annual Flushing program
D4: Blow off Washouts
D4: Fire Testing of Sprinkler Lines (See
Page 5, Section 5)
D4: Backflow Prevention Testing (See
Page 5, Section 6)
D4: Flushing of New Mains
D4: Flushing of renewed mains
D4: Temporary services during mains
renewal
D4: Sampling Lines
D4: Cleaning of Reservoirs

IWA –ALTF –April 2010

AL Guidance Notes (Final Draft Document v8)

59/172

D4: Hydrant flushing following Main
Breaks
D4: Miscellaneous - fire flows, vandalism,
pump tests etc.
D3: Svcs frozen on public - Told to let run.
Other (specify):

2. AUSTRALIA and NEW ZEALAND
Any claim of UAC greater than 0.5% of water supplied requires validation by the utility to the
regulator.
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7. LARGE METERS
Summary
In the IWA standard water balance it is clearly mentioned that Water Supplied to the system
is equal to System Input Volume minus Treated Water Exported “corrected for known
calibration and other errors”. This point is very important but unfortunately many utilities
have no accredited or poor approach to calibrate their large bulk meters. It may lead to poor
managerial decision.
This Chapter aims at providing basic information to the practitioners who want to set up such
an accredited approach.

7.1. Introduction
Large water meters are used to measure system input volumes and more generally bulk supply such as
treated water and imported and exported volumes. The confidence in the data provided by these meters
is of paramount importance: it can be considered as a prerequisite for the establishment of the water
balance and for the quality of the decision-making resulting from the water balance.
Over registration of the water input volumes generates a fictitious increase in the water loss that is
neither a real loss nor an apparent loss but that could erroneously be considered as such. Over
registration of the volumes may generate an over estimate of real or apparent losses. On the opposite
under registration of the water input would generate under valuation in the real loss volumes or in the
apparent loss volume. In both cases, the errors may generate inappropriate decisions. The financial
implications of these errors may be high. “Any programs, therefore which can determine and minimise
the errors associated with these measurements on a sustainable basis will ultimately facilitate optimal
decision-making and improve financial accountability”(Johnson, E H, 2000)
There is, therefore, an urgent need to include the regular and comprehensive calibration of large water
meters as part of sustainable water management practice. Any Water Utility should have its accredited
approach to calibrate and check its large meters.
This chapter aims at providing basic information to assist the practitioner in establishing its own
accredited approach.

7.2. Large water meters and calibration facilities
Large water meters and flow meters
Various kinds of devices are used to measure large flow rates
Water Meters that extract energy from the flowing water::
§ Woltmann (velocity) meters
§ Volumetric (positive displacement) meters
§ Differential pressure flow meters (venture tubes, orifice plates)
Water meters that add energy to the flowing water:
§ electromagnetic flowmeters
§ ultrasonic flowmeters
In these devices there are two main components: the primary equipment that enables to measure the
pressure or the flowrate and the secondary instrumentation that enables to transform the initial
measure into flowrate and volumes. The secondary instrumentation is generally based on electronics.
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Verification, Calibration and Validation
The requirements of verification are generally defined by a particular country’s legislation. While
verification is quite similar to calibration (in a practical sense), there are more stringent requirements
as to who can verify an instrument. Only a verifying authority or utility meter verifier can verify a
measuring instrument. Verification is a legal term and as such there are strict legal requirements
attached;
Calibration relate to a set of operations that established, under specific conditions, the relationship
between the quantities indicated by the water meter and the corresponding values realised by a
reference standard of higher metrological quality. This process implies that the operations are
undertaken in accordance with the requirements of an accreditation body, detailed in a quality manual
and is peer reviewed;
Validation relates to the evaluation and certification of a metering installation. While validation does
require that the “validator”check that the meter is suitably verified/calibrated, the focus is that a meter
has been installed correctly;
Calibration of the secondary instrumentation
Electromagnetic water meters have the capability to have the integrity of their specific ranges verified
by electronic equipment. This electronic verification of the electronic transmitter includes testing of
the converter, sensor, signal outputs, system insulation, cables and magnetic circuitry. The assumption
made is that if these tests indicate that the electronics are stable then the electromagnetic meter is also
stable and accurate. However, this verification does not measure flow and if the meter was originally
installed with an incorrectly set-up flow range then the electronic verification would not detect this
problem (Paton, 2002). An in situ calibration process is therefore, still required to set-up the flow
range.
In many Utilities there is a general practice of only calibrating secondary instrumentation and not the
complete water meter. The practitioner needs to be informed that the practice of only calibrating the
second instrumentation is useful but is not enough: in fact, it may lead to incorrect decision making..
Calibration facilities and laboratory
Very few water utilities have their own meter testing laboratory to test and calibrate large water
meters. In addition, such facilities are not available in many countries.
Generally the only available facilities are the manufacturer’s facility and it is necessary to send the
meters abroad to make the calibration. It is generally a very expensive solution and the metering
device may be unavailable during a long period.
Such a solution should be envisaged in very special cases only. The recommendation is to set up
regular in-situ calibration procedures of large in-line water meters.

7.3. In-Situ and In-Line Calibration
A water meter requires on-going recalibration, as on installation and over its operational life, the water
meter’s performance will differ from that of its original off-site laboratory calibration as well as the
manufacturer’s generic measurement error specifications.
There is, therefore, a need to determine the uncertainty of flow measurements within large pipelines by
means of a portable meter so those in-line meters that cannot be easily removed for testing can be
evaluated. Previously calibrated water meters also need to be calibrated in situ to take into account
particular site conditions as well as all facets of flow measurement relative to a site-specific flow
standard.
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The calibration of large in-line water meters in the field is also required because of the expense of
testing on off-site facilities and the practical problems associated with the removal and testing of some
types of large water meters. The calibration process should not and cannot be simplified as only a
comparison between the reference and permanent meters’error specifications.
To be sustainable, any in situ calibration approach developed should be based on best practices in the
field of flow metrology. These best practices should also have a foundation in applied research, sound
experience and Quality Systems. Verification procedures based on a Quality System are an essential
component of a calibration approach as it provides confidence in the results obtained

7.4. Principal Calibration Methods
Reference standard
A flow reference standard is generally used as the benchmark to be compared against when
establishing errors in flow measurement. A water meter of a higher metrological quality or a technique
utilising weighing methods or volumetric methods is the most common form of reference standard. To
be credible this standard should also be traceable to a national or international flow standard.
Methods used to establish a reference standard for flow rate in closed conduits are determined by
either measuring the mass of liquid delivered into a weighing tank or collected in a volumetric tank in
known time intervals.
Portable testing device
On-site calibration can be undertaken with a meter prover that is a portable testing device using a
dynamic volume method. The water is diverted from the installed meter through the prover under
pressure wherein sensors measure the movement of a displacer as it travels through a known volume.
A comparison of the prover’s measured volume with that registered by the installed meter establishes
the error of measurement. The range of flows of a portable meter prover is limited by the size of its
measuring pipe, which generally restricts the maximum size of water meter that can be calibrated in
situ to 150 mm diameter.
Laser Doppler Velocimetry
Laser Doppler Velocimetry (LDV) have been successfully used to carry out accredited in situ
calibration of large water meters of up to 1,000 mm in diameter with flow velocities from 0.01 to 6.0
m/s (Drysdale et al, 2005). Using multiple windows in the pipe to gain optical access to the flowing
water, the LDV achieved an uncertainty of 0.9% when calibrating large district heating meters.
Calibration was based on taking a series of measurements over 2 to 4 pipe diameters. Potential
disadvantage of using this method as a continual operational practice is that the windows can become
dirty on the inside, which will adversely affect the measurements.
Drop Test
A common volumetric in situ calibration technique used is the monitoring of the change in water level
in a service reservoir or pump sump that has been previously been isolated for the test of a large in line
water meter. However, without an accredited quality system, flows derived from these tests, known as
‘drop’tests, cannot be certified as sufficiently stable to be replicated for different tests. The main
assumption generally used with the use of drop tests is that the reference flow rates derived from
measurement of changes in water level in the reservoir and time are error free. This assumption
ignores the following potential errors that could occur during drop tests:
§
§
§
§
§

Imperfect knowledge of the level volume relationship due to changes in temperature, tank
dimensions, the calibration rating relationship, etc;
Errors due to measurements with a level gauge;
Errors due to measurements by the timing device;
Errors due to density and temperature measurements:
Errors in volume due to isolation valves not achieving water tight closure.
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Tracer Methods
Tracer methods involve the injection of different types of tracers into the water flowing in a pipe and
after adequate mixing either the tracer’s dilution (ratio) or its mean transit time is measured to
determine the flow rate. This flow rate is measured because the tracer’s dilution is proportional to the
flow rate or the time taken by the tracer to travel a specified distance within the pipe.
The accuracy of using tracers can be better than ±1% under good conditions ( BS5857, 1980).
Examples of non-radioactive tracers include sodium dichromate, sodium chloride and sodium nitrite.
Although the British Standard BS5857 indicates that an advantage of the dilution methods is that it is
not necessary to know the geometrical characteristics of the pipe, application of the transit time
method does require an accurate determination of the volume of the pipe between the two detection
points.

7.5. A practical on-site calibration method
Influence quantities of a water meter are departures from the reference conditions that are used to
define its accuracy. Miller (1989) considers that velocity-profile deviations, non homogeneous flow,
pulsating flow, and cavitation are the four major influence quantities affecting all water meters. Miller
is of the opinion that the velocity profile is probably the most important (and least understood)
influence quantity.
The general criteria for an in-situ calibration approach that minimises or eliminates departures from
those reference conditions defining a water meter’s accuracy are as follows:
§

§

§
§

Development of an axis symmetric velocity profile at the measuring section of the pipeline. If
conditions within the pipe at the measurement section have been adequately addressed to
ensure achievement of an axis symmetric velocity profile then, the adverse effects of swirl and
turbulence will most likely also be minimised. Ensuring that the conditions within the pipe at
the measuring section encourage development of a stable profile enhances confidence that
they are repeatable when used for calibration purposes.
Ensuring homogeneous flow and for water this means that the density and hence temperature
must be constant or known during the test. Establishing a relationship that defines the velocity
profile from point measurements that is independent of temperature changes will contribute to
reducing the effect of this influence quantity.
Ensuring steady state flow at reference conditions also minimises errors of measurement.
Using a single traverse of an insertion meter reduces the measurement time and potential for
large flow variations.
Siting of the measurement section within a pipeline with properly operating air valves reduces
the effects of cavitation, which is the “boiling”of water caused by decreasing pressure due to
friction, flow separation, or restrictors and the subsequent entrapment of air.

The key steps for the in situ calibration of permanent in-line water meters utilising an insertion meter
as the principal portable measurement device together with a velocity profiling technique requires
detailing in a Quality Manual. Johnson (2007) has summarised the procedure as follows:
§
§
§
§

Installation of measurement sections within pipelines that permanent water meters are
installed taking note of the previous general criteria.
Insert the insertion meter, taking velocity measurements at various depths across one plane of
the pipe at each of the prescribed flow rates.
Simultaneously take the flow rate readings of the clamp-on water meters installed on the
pipeline at the pre-marked calibration positions.
Determine the percentage difference in the flow measured by the insertion meter and the
clamp on meter at each of the prescribed flow rates. If the value determined falls within the
95% confidence level of a control chart then the next step of this procedure can be carried out.
In the event that differences fall outside the 95% confidence level, then the flow
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§
§
§

§
§
§

measurements are to be repeated. If after three attempts the values are still outside the 95%
confidence level, then a corrective action procedure is to be applied.
Compare the flow rates determined with the insertion meter (Flow Reference Standard) with
that
of the permanently installed in-line water meter.
Determine the accuracy flow as it differs from the set flow over the monitoring period. If the
limits are exceeded then the flow measurements are to be repeated. If after three attempts the
values still exceed the prescribed limits, then a corrective action procedure is to be applied in
terms of the control of non-conforming calibration work.
Rejection/acceptance of calibrations is to be related to the control of non-conformances.
Record, analyse and present data.
Estimate the uncertainty of measurement.

7.6. In Situ calibration research and investigations
Original research conducted in Europe into the various velocity-area methods of flow determination
assumed that the insertion meters were error-free and emphasised the relative accuracy of these
methods. A subsequent applied research project in South Africa combined the various components of
uncertainty of measurement through a direct comparison of the velocity profiles measured with an
insertion meter and the flow measured by an accredited off-site laboratory. A pilot study investigation
was carried out to establish the practicality of applying the findings of this applied research. These
previous studies are reviewed by Johnson (2007) and summarised as follows.
§
§
§
§
§
§
§

The log-linear velocity-area method is the most efficient to use as it required fewer measuring
points across the pipe to achieve smaller flow measurement errors than other velocity-area
methods with a greater number of measuring points.
The combined errors of all the factors influencing the measurement of flow by means of the in
situ calibration method developed generally fall within the error limits adopted for meters in
use.
The correct assessment of future calibration sites as well as the ability of the hydraulic system
to achieve specified flow rates required establishing from reconnaissance surveys and data
collection exercises.
An approach that excluded the application of a Quality System had limitations, although
tentative results from initial tests indicated that the error in measurement of some permanent
water meters were outside the limits specified by international standards.
The calibration sites required the installation of new sections of in-line piping to ensure
stability and consistency of velocity profile measurements.
Establishing the in-line meter’s overall (uncalibrated) weighted error of measurement
determined whether they were correctly specified for the current operating conditions.
The water authority’s institutional capacity and respective skills base required strengthening
before it could implement a Quality System and a program for the on-going in situ calibration
of its large water meters.

7.7. Quality system and manual
A Quality System for an in situ calibration laboratory includes applicable procedures, methods,
competent personnel, portable water meters and water engineering infrastructure. The code of practice
ISO 17025 (1999) provides the general guidance to establish a Quality System for a calibration
laboratory. A Quality System is outlined in a Quality Manual that sets out the quality policy and
objectives as well as identifies management functions and responsibilities. Technical requirements that
include the procedure to estimate uncertainty of flow measurements and validation of the calibration
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method are also detailed in a Quality Manual. Details of the technical requirements for an in situ
calibration laboratory are provided by Johnson (2009).
The aim of a Quality System is to have routine activities standardised for the benefit of all concerned
and then to ensure that every individual and activity involved becomes part of the process. This
Quality System facilitates confidence by stakeholders in the uncertainty of flow measurement
statements of a water authority’s large water meters.
The Quality Manual is the core document used for the purposes of obtaining accreditation of a
calibration laboratory in terms of ISO 17025 (1999). A laboratory obtains its accreditation from the
National Accreditation Body of a country. National Accreditation Bodies for various countries are
linked via international Mutual Recognition Agreements through the International Laboratory
Accreditation Co-operation (ILAC ) to ensure consistency amongst accreditation bodies.

7.8. Estimate uncertainty of flow measurement
A statement of the uncertainty associated with the result of a measurement is preferred because it is
more specific than the general term accuracy, which is often open to misinterpretation. To express
correctly the 'accuracy' of a standard or a calibration it is the 'uncertainty', which must be stated (Paton,
2002).
It is not possible to measure anything without error and the further the measurement is removed from a
reference standard the greater the doubt in the particular measurement. A reference standard must also
be related to a national and international standard through an unbroken chain of comparisons. This
‘doubt’is known as measurement uncertainty.
Some sources of measurement uncertainty can be reduced or rendered statistically insignificant
through implementation of the following measures recommended by Johnson (1995) for an in situ
calibration approach:
§ Allowing for a straight unobstructed length of pipe of at least 30 to 50 times the pipe diameter
upstream of the measuring section, depending on the type of disturbance upstream.
§ Ensure steady flow such that it does not vary by more than 3% during the calibration of linear
flowmeters.
§ Ensure the relative roughness of the internal pipe wall is 1.0 x 10-4 or better.
§ Restrict the access tee diameter to a minimum that is practically feasible to insert the meter
probe.
§ Select a probe and sensor that provides a minimum restriction of flow but is rigid enough to
limit the sensor vibrating.

7.9. Concluding remark
An accredited calibration approach provides the necessary confidence in the data on a more frequent
basis than the original off-site manufacturer’s calibration as well as takes into account specific on-site
conditions (Johnson, EH, 2007).
Any Water Utility should have its own accredited calibration approach based on the principles stated
in this Chapter.
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8. METER ERRORS
Summary
Water meter errors are the consequence of meter accuracy or uncertainty. They generally
lead to under registration, under metering and finally under billing. These various terms
could have been used as a title for this chapter. Meter error has been preferred because it is
at the same time a technical term (error graph of the meter) and also a common term that
anyone understands. In addition, meter error does not always lead to underegistration: it may
also lead to over registration.
This chapter deals with the meter itself, including the selection of the meter its ageing
process, its usage and its installation. The various methods to review and assess the metering
error and to reduce it are presented.
The meter reading issue is treated in Chapter 10 regarding the data acquisition process.
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8.1. Definition and basic issue
This chapter aims at presenting the various methods that can be implemented in order to reduce the
apparent losses due to the undermetering of the customers’consumption.

8.1.1. Some basic concept
It is assumed that the reader has a sufficient knowledge of the basic concepts related to the various
types of meters, their characteristics and their management. If it is not the case it is recommended to
read the book that is referenced at the beginning of this Chapter and published by IWA. Some of the
basic principles are reminded at the end of this chapter in Section 8.4.
On the one hand it is useful to remind that the water meter is far from being a perfect device to
measure water volumes. The error depends on the flow rate which is used: it can be 100% when the
flow rate is below the starting flow rate of the meter and it can be anywhere between 100% and 5%
when the flow rate is below the minimum flow rate value for which the meter has been designed.
When the meter has been extensively used starting and minimum flows are modified as well as the
overall error of measurement. This is represented by the Error Curve of the Meter which changes
according to the usage (volume passing and/or age)of the meter.
Water customers do not consume water at a constant flow as they use water at varying flow rates
during the day. This is the Consumption Pattern (or demand profile). For each flow rate the error of
measurement is different as defined by the particular meter’s error curve. Weighted Error of
measurement is the critical factor when comparing water volumes in a water balance. This weighted
error of measurement is derived from the integration of the error curve of the particular meter and the
consumption pattern of a specific consumer. This concept can be extended from a single meter to the
whole meter population of the Water Utility. Weighted error of measurement is directly related to the
under metering and therefore to the under billing. It is a percentage (weighted error) of the real volume
of water that flows through the meters.
This general presentation allows two important basic statements:
§

Unavoidable Level of Metering Loss. Even new meters cannot measure the water usage at
the low flows below the specified starting flow rate. Overall weighted errors can be higher
than 5%.

§

The meter needs to be selected in order to fit the customer’s consumption pattern. The
under registration is not only due to the characteristic of the meter but also the customer’s
particular usage pattern. Under registration and metering is therefore a function of the actual
error curve and the demand pattern.

Main causes for undermetering:
The errors by under measurement can be classified into two categories:
§
§

Poor selection and poor installation of the meters and
Possible changes or drift in the curve of error and in the consumption patterns.

Unsuitable selection of the meter and poor installation layout:
§
§
§
§

Unsuitable selection of the meter type based on the operation conditions and consumption
patterns
Unsuitable selection of the metrological class, when the consumption at low flow is significant
Unsuitable selection of the meter size.
Poor installation layout of the meter

However, even when the meter has been correctly selected and installed, the metering error may
increase over time or with usage (i.e. volume passing), for two reasons:
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§
§

The usage (and wear) of the meter that leads to a progressive deterioration of its accuracy and
precision.
Significant change in the consumption patterns of the customer (e.g. a factory with reduced
activity, a hotel with a very low rate of occupancy, etc.)

8.1.2. Short description of the various sources of undermetering
Type of meter
Volumetric (positive displacement) meters utilize a piston chamber mechanism and are generally more
accurate at lower flows but may deteriorate faster in time.
Jet (single or multi jet) meters utilize a rotor or mini-turbine within the meter and actually translate the
speed of the water measured into an indicated consumption volume.
Many criteria may be used to select the type of meter that best fit the usage required and the condition
of operation of the Utility. These criteria are listed and commented by Arregui 2006
Metrological class
Manufacturers propose different metrological class of meters. (cf. Section 8.4). Class C meters enables
to measure lower flows than Class B meter for instance. But it is recommended to monitor the effect
of wear and ageing on the class of the meters.
Installation layout of meter
Meters that are designed to be fitted horizontally will not perform adequately if installed, say,
vertically. The existence of bends or other fittings immediately upstream of the meter may also create
measurement errors.
Unsuitable meter sizing
Meters have lower accuracy performance at low flows and this improve in the mid range close to the
design flow of the meter. The overall accuracy of a meter is a function of the actual distribution of
flows against the accuracy curve of the meter
Special problem: Slow filling of roof tanks
Large meter sizing
Meters often oversized to cater for possible changes in consumption or because of concerns over
potential head losses through the meter. Therefore, the meter is often operating at the low end of its
performance range and therefore significantly under registering.
Spinning or jetting
Spinning: Meter over registers when air passing the meter (intermittent supply)
Jetting is caused by an obstacle upstream of the meter causing water to spurt through the mechanism
resulting also in the measurement of higher flows
Volumetric meters suffer the same effect of spinning as jet meters but are largely immune to jetting.
Deterioration of meter accuracy
Performance of a meter deteriorates with usage
Generally a function of both age and quality of the water
Can be a significantly shorter period of time if the water is particularly aggressive
Sediment may interfere with the mechanics of the meter so that the meter fails to register flow at all

8.1.3. Order of magnitude of the loss due to undermetering
Losses due to under-metering losses always exists due to the fact that a water meter is an instrument
and is affected by usage and age.
Over- metering and under-metering can only be verified through field and laboratory investigations.
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An example of a Utility estimated that the under metering was around 3 to 5 % of the volumes sold;
after a complete audit the actual under metering was established to be between 10 and 15% of the
volume sold.
Over metering
In some special circumstances the meters may register more than the actual volumes that are
measured.It may happen with velocity meters for certain flow as shown in Section 8.4. It may also
happen when the installation is not correct (jetting) or in some special operational conditions
(spinning).
National standards
Some countries have adopted a default value of 2% to estimate the under metering error: this value
seems to be highly underestimated. In other countries the law provide an obligation to replace (or to
test) the meters every 4, 5, 6, 7 years. Unfortunately there are very few surveys to evaluate the result of
these policies.
Best performance
When detailed laboratory surveys and statistical surveys are conducted for a fleet of meters it can be
generally shown that the average under metering will not exceed 4% or 5% of the volumes billed.
Such a value depends on many local conditions but it could be considered as a reference or a target.
This chapter aims at summarizing the methods in order to review and assess the situation in terms of
under metering and to propose various strategies in order to reduce the value of the under metering.

8.2. Review and Assessment (best practises)
The objective is to evaluate the global under registration of the meter population e.g. the Weighted
Error of Measurement for the meter fleet.
Such an overall review consist in various actions that can be classified into three categories
§
§
§

Detailed review of the customer and meter population
Laboratory surveys
Field Surveys

8.2.1. Review and assessment of the customers and water meters populations.
Data collection:
§
§
§
§
§
§
§
§
§
§
§
§
§

Customer database file (if possible computerised format)
Metering file (if possible computerised format), brand(make), type, age, etc.
Commercial statistics over the last 5 years as a whole, by consumption category and by tariff,
by m3 and in monetary terms
List of the consumptions the 100 biggest consumers
Customer services procedures (manual if it exists)
Specific procedures for the management of the largest customers ("large accounts")
Procedures for the meter reading activity
Billing procedures
Procedures for debt recovery and cut-offs
Policy and procedures for the repression of fraud
Characteristics of the meter test facilities, if they exist
Sizing and calibration procedures for customer meters
The current procedures for the renewal of the meter population
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§

Previous studies on the performance of the meters and the ageing of the meter population (if
they exist)

Following surveys needs to be carried out:
§
§
§
§
§
§

Establish the structure of the meter population by diameter, by type, and by year of
installation, defining various families based on those three criteria.
Establish the weight of each family in m3 and % of the billed volumes for example
Apply the corresponding ageing (usage) algorithm to each family of meter
Calculate the billing loss per family and the total loss
Calculate this loss as a % of the production so as to incorporate it in the "Circle of Consumed
Water"
Plan, if required, a specific approach for the large accounts.

Large meters
No general rule exists for the evaluation of the under measurement that results from an over sizing of
the meters as this under measurement depends on the consumption profile of the customer considered.
If no previous analysis has been carried out, it is recommended to proceed as follows:
§
§

Detection of the probabilities of over sizing of the meters by analysing the consumptions in
the customer database (meter reads) at the preliminary diagnosis stage;
Carry out verifications in the field with data-loggers at the complementary diagnosis stage.

8.2.2. Laboratory Surveys
§
§
§

Meter sampling
Establishment of the average curves of errors by category of meters, by size and by age (date
of installation or accumulated value)
Lab modelling of special cases (domestic tanks, “twisted”(“inclined”) velocity meters, etc.).

8.2.3. Field Surveys
§
§
§

Consumers and meters sampling
Establishment of users’consumption patterns for each type of customers
Special focus on large consumers and large water meters: checking the probability of over
sizing and undermetering detected during the survey of the database
§ Survey on meter installation conditions
§ Special survey on low consumption facilities
§ Field surveys using portable test facility
§ Field surveys using meters in series.
§ Field surveys comparing the sum of the customer meter readings with water inflows into a
trial DMA
Note that any logging exercise should take cognisance of the particular customers diurnal, weekly,
monthly and seasonal usage patterns.

8.2.4. Final Survey
The final survey integrates the conclusions of the lab and field surveys and will enable the
establishment of an action plan.
§
§
§
§

Calculation of the weighted error of measurement by type of meters, size and age.
Evaluation of the weighted error of measurement for the whole meter population
Evaluation of the loss due to oversized meters
Evaluation of the loss due to poor installation of the meters
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§

Calculation of the optimal (economic) meter replacement period.

8.3. Set of corrective actions (best practices)
8.3.1. General
Theoretically, in a well managed Water Utility, the fleet of water meters would have been correctly
selected and installed. The impact of the meter ageing would be known and the Utility would have its
own meter replacement policy. At the same time the Utility has a technical watching policy and new
types of meters are tested. The level of under metering loss is minimized and can be estimated.
But when the level of metering losses is high various types of actions would be required to reduce
losses. They will be selected in accordance with the results of the review and assessment survey.
These would require a massive (extensive) replacement programme, a specific or targeted replacement
programme and meter resizing programmes. Some specific devices may also been used to minimize
the loss. These solutions are briefly described below.

8.3.2. Specific replacement programme for large customers
The number of large consumers is generally fewer than the number of small residential consumers, but
their consumption may represent a significant part of the total water consumption and, consequently, a
significant part of the Utility’s income. The relevant meters must always be treated as a priority.

8.3.3. Massive (extensive) replacement programme
When losses in residential consumption are high, it is necessary to carry out a massive meter
replacement programme. It is based on the results of the ageing surveys. This survey will shows that
the replacement of the meters installed before Year “n” is highly cost effective and that the rate of
return on investment will be high. All the meters installed before Year “n” will be systematically
replaced. Instead of using the date of installation as an ageing criterion, it is also possible to use the
accumulated volume that has flowed through the meter since it has been installed: for instance
replacing all the meters that have registered more than 3000 m3.
Many utilities carry out massive replacement programmes because it is simpler and more cost
effective than using more sophisticated criteria as described in the next section.
Massive replacement programmes need to be associated to some other actions:
§
§
§

It would be of little benefit to replace an old oversized meter by a new oversized meter
It is also an opportunity to correct meter installations when the initial installations did not
comply with particular international or national standards.
It can also be considered as an opportunity to use the latest generation of meters incorporating
recent technological advancements.

8.3.4. Targeted replacement programme
Generally, water utilities use a large range of meters, in terms of technology and brand. These various
meters have not the same life expectancy: the optimum replacement period may not be the same. This
need to be taken in consideration and following strategy may be considered as more efficient than
implementing a massive replacement programme only based on the date of installation of the meter for
instance.
Targeted replacement program may be based on one criterion only or on a multi-criteria analysis:
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§
§
§
§
§

Brand or type criteria : replacing brand or type that present the higher rate of loss, or shorter
life expectancy
Technology: replacing volumetric meters in areas where velocity meters are proved to be more
convenient,
Metrolological class: class C may be reserved to some category of users only
Category of consumers
Range of consumption: for instance replacing meter when the consumption is lower than 5
m3/month is not a priority when the Utility bills a minimum rate of 10 m3/month.

8.3.5. Resizing programme
The case of the large consumers has been considered as a priority in Section 8.3.2. But resizing
programmes may also be necessary for small consumers. The incorrect Installation of ¾”(20 mm)
meters, 1”(25 mm ) meters or 1 ½ (37 mm)for a small domestic consumer can incur high losses when
actually a ½”(12 mm) meter might be sufficient.
Replacing the oversized water meters is a prerequisite either in the frame of a targeted replacement
programme or in the frame of a massive replacement programme.

8.3.6. Special equipment
UFR (Unmetered Flow Reducer)
Unmeasured-Flow Reducer (UFR) reduces the amount of water that flows below the measurement
threshold (the starting flow rate) by batching accumulated volume of low flow rates so that they pass
through the meter at a higher flow rate. The installation of the UFR, either upstream or downstream to
the water meter, is likely to improve the measurement of water flow in that low flow rate region of
measurement that, to date, water meters failed to measure. The UFR is reputed to reduce apparent
losses due to under registration. Many trials have already been implemented by some water utilities
(see case studies).
Some utilities have tested the UFR and found they are of useful in for connections with domestic
tanks. A significant part of the volume delivered to the tank is at very low flow rates especially during
the final stage of filling. Part of these volumes is not measured or is poorly measured because the flow
is lower than the transitional flow or the starting flow of the meter.
In other case studies stoppage has occurred at low flow rates due to pressure in the supply pipes. The
economic aspects also need to be considered. The installation of a UFR device tends to double the cost
of the meter.
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8.4. Reminding some basic concepts
8.4.1. Error curve of a water meter

Figure 13 : Meter error curve of a small water meter

A typical meter error curve for a small mechanical water meter is shown in Figure 13. Start-up (or
Starting) Flow rate Qa, Minimum Flow rate Q1, Transitional Flow rate Q2, Permanent (or Nominal)
Flow rate Q3, Maximum (or Overload) Flow rate Qs
The 2% and 5% values for new meters are dictated by international standard (ISO). The curve of the
meter should always be located inside the error envelope.
The graph shows that even with a new meter, the error (under registration) may be very high when the
consumption flow rate is small. The error is 100% under the start-up flow rate. The meter should not
be used for flowrate lower than the minimum flowrate. But the customer’s consumption is what it is:
this is the reason why, even with new meters, there is always a volume of water consumed that is not
metered (apparent loss).

Metrological classes
The minimum start-up flow rate, the minimum flowrate and the transitional flowrates depends on the
metrological class of the meter.
Example with Q3= 1,5 m3/h
Q3= 1,5
m3/h
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Class A

Class B

Class C

Class D

Q1 (l/h)

60

30

15

11,25

Q2 (l/h)

150

120

22,5

17,25
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Table 10 : Metrological classes for a small water meter

8.4.2. Water Meter Ageing
Figure 14 illustrates the results of laboratory tests carried out in 2004 and shows the average curves of
error of different brand and types of meters installed between 1990 and 1995. No meters are within the
error envelope at the lower flow rates. Minimum Flow rate and transitional flow rates displaced to the
right-hand side of the graph.

Figure 14 : Meter Ageing - Case 1

In the following graphs ageing is referred to accumulated volumes and not the date of installation of
the meters.
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Figure 15 : Meter Ageing. Case 2 Positive Displacement (Volumetric) meters

Figure 16 : Meter Ageing. Case 3 Velocity meters

Figure 15 illustrates that under registration is a characteristic of positive displacement meters. Figure
16 illustrates that in the case of velocity meters there may be some over registration at the high flow
rates. In both cases there is an accelerated deterioration in the measurement error meter at the low flow
rates.

8.4.3. Water Consumption Patterns

Figure 17 : Consumer's Water Consumption Pattern - Example
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Figure 17 is an example of water consumption pattern (or profile). In that case 30% of the
consumption occurs at flow rates comprised between 500 and 1000 litre/hour. Around 8 % of the
consumption occurs at flow rates lower than 30 litre/hour and will be poorly measured. If the starting
flow rate of the meter is 10 litre/hour, 4% of the consumption will not be registered at all.

8.4.4. Weighted errors of a population of water meters
Volumes actually consumed (C) consist of volumes metered and billed (B) plus the volume of Error
(Eu) due to under registration:
C = B + Eu
Considering that the rate of error by under registration (r) applies to the volumes of water that are
really consumed, the general formula for under registration Eu (in m3/year) is:

Eu = ∑ ( Bi , j ,k × ri , j ,k ) /(1 − ri , j ,k )
i , j ,k

in which:
§
§
§
§

Eu is the total annual volume of under metering in m3/year
Bi,j,k is the annual volume billed by the meters of type i, of diameter j installed in
year k, in m3/year
ri,j,k is the rate of under measurement (% of consumed water) applicable to meters
of type i, of diameter j installed in year k and covered by the experimental under
measurement algorithm: pi,j,k = f (i,j,k)
Ci,j,k is the annual volumes really delivered (or consumed by the customers) by the
meters of type i, of diameter j installed in year k, in m3/year. Ci,j,k = Bi,j,k + Eui,j,k

Algorithms of under measurement
The evaluation of the losses through under measurement requires detailed experimental studies in
order to calculate the weighted error of measurement, average weighted error of the meter population.
Weighted error of measurement of a meter
Weighted error of measurement of a given meter is calculated using the error graph of the meter (value
of the error as a function of the flow rate) and the average consumption (demand) pattern (profile) of
the customer in question (daily volume consumed by range of flow rate). It may be expressed in
m3/day or, more generally in % of the volume consumed (and therefore generally billed).
The error graph is defined using the meter test facility. The consumption pattern of the customer may
be obtained by the installation of a data-logger.
The error graph for a new meter of a given diameter varies with the type of meters, even if they must
respect the ISO standards.
The error graph of a given meter presents two characteristics: the increased error for the low flow rates
and the error graphs that tend to deteriorate when the meter is old.
The value of the weighted error of measurement of a given meter does not only depend on the meter
itself (diameter, type, installation date) but also on the consumption behaviour of the customer where
the meter is installed. It is important to note that, considering its definition, even the weighted error of
measurement of a new meter is not necessarily zero or less than that corresponding to the guaranteed
precision of the meter ( ± 2% for example).
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For instance, a high weighted error of measurement may be found where the meter has been over sized
as a significant part of the consumption is measured at flows lower than the transitional flow of the
meter.
By cross-correlating the user’s average consumption curve with the meters’error curves, we can
calculate the average error.
The following sequence of charts explains the process of assessment of loss due to under-metering. In
the present case, the calculated weighted error of measurement is 8%.
Phase 1: Consumption profile according to flow rate category (the y-axis is on the left-hand axis)

Figure 18 : AWE calculation - Stage 1 Customer pattern

In that case, for example, that 28% of consumption occurs at flow rates between 120 and 240 litres per
hour.
Phase 2: Error curve for a new meter (percentage of error is read on the right-hand axis).
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Figure 19 : AWE calculation - Stage 2 Curve of error

In this chart, for example, it can be seen that none of the consumed volumes at flow rates less than 15
litres per hour were registered by the meter.
Phase 3: User meter’s error curve (dashed line curve): this meter is not a new one and its graph
move to the left hand side.

Figure 20 : AWE calculation - Stage 3

This meter does not register any flow rates under 18 l/h (rather than 15 l/h).
Phase 4: Weighted Average Error
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Figure 21 : AWE calculation - Stage 4 AWE

The meter does not measure the areas coloured in red. The total calculated error for the average
consumer was 8%.
This error increases with the age of the meter, as the error curve moves to the right hand side. .
Weighted Error of measurement of the meter fleet
The weighted error of measurement of a meter population (fleet) is the weighted sum of the wigthed
error of measurement of all the meters in service. The weighted sum is calculated with reference to the
volumes measured. As it is unlikely that the weighted error of measurement of each meter can be
determined, statistically significant samples of meters and clients must be used so that the results can
be extrapolated.
§
§

The meters must be divided into homogeneous families based on the diameter, the type, the
year of manufacturing and/or installation;
The customers must be divided into categories as homogeneous as possible i.e. residential,
commercial, industrial etc.

The weighted error of measurement for each group, is obtained by using the families of meters and the
categories of customers.
The weighted error of measurement of the meter population is then the weighted sum of the weighted
error of measurement of each group.
Weighted Error of Measurement for large water meters
The theoretical approach described above cannot be universally applied to large diameter meters.
Although it is possible to obtain acceptable results for the families corresponding to small diameters
and to typical customers such as residential and small commerce for example. However, it is cannot be
assumed that a homogenous sample for the large customers can be obtained.
The analysis for those customers requires a more detailed customer-by-customer approach .
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Under metering generated by the ageing of the meter population (simplified procedure)
Two cases may be found depending on whether the previous studies enabled the following parameters
to be determined:
§
§

AWE* (average weighted error) of the meter population or the families of meters that it is
made up from,
The "ageing" algorithm of the different families of meters (based on customer patterns)*

If the "ageing" algorithm of a meter is known through former surveys,
§
§
§
§
§
§

Establish the structure of the meter population by diameter, by brand, by type, and by year
of installation
Establish the weight of each family in m3 and % of the billed volumes for example
Apply the corresponding ageing algorithm to each family of meter
Calculate the billing loss per family and the total loss
Put this figure in the water balance
Plan, if required, a specific approach for the large accounts.

If the ageing algorithm of the meters is unknown then two approaches are possible:
§
§

Use a consumption profile taking into account the years when the meters were installed (*),
using the customer database
Use algorithms from other similar operations for the preliminary assessment until you get
appropriate figures

(*) This approach is only generally possible for the small diameters (15mm). It also requires an
adequate analysis of the considered samples: filtering of the unrepresentative cases (zero consumption
for example) and verification of the homogeneity of the metering techniques that may have varied over
the period considered.

8.4.5. Under measurement generated by the over sizing of meters: resizing
The ageing algorithm applies to the meter that has been sized correctly, i.e. the meter rarely operates
(even exceptionally) below their transitory flow rate.
It will not apply to a meter that operates below its transitory flow rate, i.e. for a meter that has been
over sized. No general rule exists for the evaluation of the under measurement that results from an
over sizing of the meters as this under measurement depends on the consumption profile (pattern) of
the considered customer.
A recommended procedure is detailed as follows:
(i)
(ii)

Detection of the probabilities of over sizing of the meters by analysing the consumptions
in the customer database (meter readings) at the preliminary diagnosis stage;
Carry out verifications in the field with data-loggers at the complementary diagnosis
stage.
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Example

Figure 22 : Selection of a customer's large meter
Source: Arregui, 2005, Halifax

In the case presented in the Figure 22, the water consumption of the user is quite properly metered at
any flow with the 40mm Single Jet Class C meter (except the small part under the transitional flow.
But if the 50mm Woltmann meter is used the major part of the volumes will not be registered or will
be measured with a very high error.
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9. UNAUTHORISED CONSUMPTION
Summary
This chapter refers to the various kinds of unauthorised consumption: non-registered
consumers, unauthorised consumption of registered customers and other types of water theft.
It presents the various ways to quantify the loss, to reduce it and to get it under control.
The level of unauthorised consumption is not only the consequence of poverty, dishonesty or
cultural aspects: it also often results from the laxity of the Water Utility and its poor strategy
in terms of social involvement and communication. Relevant solutions are also outlined in this
chapter.

9.1. Definition and basic issue
There are three categories of unauthorised water consumption:
§

§

§

Unauthorised consumption by unregistered consumers: These consumers are not registered
in utility’s customer records: obviously, these customers do not receive any water bills.
These connections are often referred to as illegal, unauthorised or clandestine connections.
These terms may have a negative impact in terms of communication or in terms of legal
involvement. These unregistered connections may have been made by the current operator
or by a previous operator. Sometimes, the Water Utility itself may be responsible for the
outdated state of its database.
Unauthorised consumption by registered consumers: These consumers are registered either
as active customers that receive a water bill or inactive customers for whom no volume is
billed. These apparent losses may be due to fraud (or any other unauthorized practice), but it
may also be the consequence of unsuitable Water Utility’s practices.
Water theft on public distribution network equipment such as hydrants, discharge valves and
others

A list of practices that generate apparent losses on either registered or unregistered connections
follows. This list is not exhaustive as human ingenuity has no limit, particularly in this matter. It could
be counterproductive to provide a more detailed list in this manual.
List of frauds (examples)

Connection-Related Unauthorized Actions
§
§
§
§
§
§

Unregistered connection: the customer is not in the utility’s database
Unregistered second connection i.e. one connection is registered and the second one is not.
Meter by-pass (equivalent to a second connection)
Unauthorized tapping upstream of the meter (equivalent to a second connection)
Unauthorized re-activation of a connection that was cancelled in the database
Unauthorized re-activation of a connection that was cut off (for reasons of non-payment, for
example), i.e., the unauthorized reinstatement of customers registered as inactive

Meter-Related Unauthorized Actions
§

Meter by-pass (already mentioned above, as it involved an illegal action performed on the
connection itself.)
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§
§
§
§

Removed meter
Reversed meter
Inclined (or twisted) velocity meter
Meters that are tampered: there are many ways of tampering with a meter, some of which are
listed below).

Water Meter Tampering
§

Destruction of the manufacturer’s seal: this is not fraud in itself but indicates a likelihood

of fraud
§
§
§
§
§
§
§

Destruction of the Water Utility’s seal
Broken meter
Insertion of a needle to stop the counter rollers
Use of a magnet to slow down the meter’s movement
Disconnection of the counting mechanism from the rotor
Cut off rotor (or helix), modified turbine
Insertion of a foreign body to block the rotor

Unauthorized Use of Network Equipment
§
§
§

Unauthorized use of public reservoirs
Unauthorized use of fire hydrants or connections
Water theft on discharge valves or air valves

Interconnection with a Local Water Source
§

Simultaneous use of network water and water from a private well (or other source): this may
conceal a bypass. Such practice may also involve serious health consequences.

Very low revenue areas
§
§

This refers to the shanty towns and squatter areas (favelas) in Brazil (villas miseria) in
Argentina for instance or overcrowded slums and squatter areas in some regions of Asia and
Africa. The problem is not only about water.
In the very low income areas, the various types of water losses including real and apparent
losses are generally closely related and an analytical approach is generally not applicable.
Therefore, individual studies, based on a global technical but also sociological approach, need
to be carried out in each case.

The Water Utility itself as a source of unregistered consumption
High level of Unauthorised Consumption is not only the responsibility of the dishonest consumers: it
is also the consequence of an inappropriate management by the Water Utility.
§
§
§
§
§

Poor practices: new connection are not immediately registered
Failure in updating the customer database
Inappropriate policy towards the population
Inappropriate communication policy
Internal corruption and mis-management

This latter list shows that the Unauthorised Consumption issue cannot be solved through corrective
measures only. The management of the customers needs to be improved to get sustainable results.
Therefore, following sections refer to
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§
§
§

How to review and assess the situation? There are two components: quantifying the apparent
loss and evaluation the running of the customer department of the Water Utility
How to reduce unauthorised use of water?
How to make the results sustainable?

9.2. Review and Assessment
9.2.1. Quantifying unauthorised consumption
The review and assessment stage aims at quantifying the various types of apparent losses classified as
unauthorised consumption.
Review and assessment consist in two stages: analysis of customer database and field surveys.
1. Detailed analysis of the customer database is a prerequisite for all following actions.
The presumption of loss or of fraud is established from the analysis of the customer database.
For example:
§
§
§
§

Number of customers without meters
Number of zero consumptions
Number of abnormally low consumptions
Number of customers cut-off (for non-payment) who have not asked for a reconnection

With respect to registered customers, visits to a sample of customers at risk will allow the operator to
define the percentage of real anomalies that may be associated with each category of customer.
With respect to the unregistered customers - the number of which is sometimes important in some
utilities - only appropriate census actions associated with fraud detection and carried out on carefully
chosen pilot zones will allow the estimation of the corresponding loss.
2. Then various field surveys can be implemented either in pilot areas or on customers’samples.
§
§
§
§
§
§
§
§
§
§
§
§

General census in pilot areas or in sampled areas
Partial targeted (focused) field surveys in selected areas or fields
“Walk the line”and “Walk the book”exercises
Targeted investigations based on preliminary analysis of the database
Comparison to other utilities customer’s databases (electricity, telephone, taxes, etc.).
“High risk”consumer’s method
Self reporting under an amnesty process.
Community participation in the fight against illegal connections and frauds.
Customers’observatory
Mapping (GIS) analysis.
Detection of illegal connections in the case of large consumers.
Ground penetrating radar (GPR) to detect illegal connections

Special cases
§
§
§

Specific methods for low income areas.
Discontinuous supply.
Etc.
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9.2.2. Mini Pilot Census (simplified procedure)
A mini pilot census (or field customer survey) will provide a first indication on the importance of
possible frauds and other anomalies and disparities, which could exist between the field reality and the
technical and customer databases.
The investigations will cover 3 to 5% of the customers that would be selected according to their
geographical locations, their types, and their social conditions. It is also necessary to carry out more
specific investigations on samples of customers with zero or abnormally low consumptions. Special
attention must be paid to samples of customers that are supposed being disconnected (cut-off) or
having terminated their contract.
The investigations will take into account:
§
§
§
§
§

The address and the customer reference number.
Description of the supply: number and diameter of the service connections, leaks, illegal
connections, etc.
Information necessary for the edition of bills, position in tariff structure.
Anomalies or frauds on the meter: by-pass, meter damaged, etc.
Detailed description of the meter: date of manufacturing, brand, model, technology, nominal
diameter, length, nominal flow rate, consumption, etc.

It will be necessary to ensure that the following ratios are found:
§
§
§
§

percentage of inactive clients, illegal consumption / total number of inactive customers visited
percentage of non-registered customers / total number of customers visited
percentage frauds on the water meters / total number of meters visited
percentage of anomalies found in the field with respect to the data contained in existing
records

On completion of the pilot field customer survey, it will be possible to define the most appropriate
type of investigation to be operated through the action plan:
§
§
§

exhaustive census
partially localised census
targeted investigations on one or more different types of anomaly

9.3. Set of corrective actions
9.3.1. Improvement of Operational Procedures and Action Plan to Mitigate
Apparent Losses
Depending on circumstances, the objective may be either:
§
§

To stabilize the loss at is current level
To reduce the loss level.

Depending on the magnitude of the objective, it may be necessary:
§
§

To simply improve the operational procedures of the Water Utility, or
To formulate a plan of action to mitigate losses.

As previously mentioned, even if the action plan is successful, the existing procedures must be
improved in order to ensure preservation over time of the obtained results. Irrespective of the case
under consideration, there is a large array of measures that can be utilized. These measures are
described in the following paragraphs, and it is the decision-maker’s task to choose the most
appropriate approach and best suited measures to achieve the goals.

IWA –ALTF –April 2010

AL Guidance Notes (Final Draft Document v8)

86/172

9.3.2. Sampling Studies and Pilot Studies
This section describes various actions that may be undertaken to detect and control unauthorised
consumption.
In practice, however, actions that were successful in a given context may very well fail in a different
context. How do you decide which is the best method to solve your own specific problems?
In some cases, this is easy. In other cases, it is not. If so, the best course is to try out the method in a
pilot area or on a sample of consumers.
Three examples based on case studies are presented below to clarify this concept.
Example 1: General Surveys
Overall survey procedures should always be tested in pilot areas. It would be unwise
to reach the end of the survey only to find that the important questions were not asked
or that the collected data cannot be reliably processed.
Example 2: Searching for Bypass and Unauthorized Connections
The rate of commercial losses in X-City was very high. The Water Utility decided to
carry out a comprehensive field inspection of all its customers to detect frauds and
unauthorized connections. No unauthorized connections were found. After an
additional audit, it was discovered that the losses were actually due to illegal
agreements concluded between the meter readers and customers, with the complicity
of certain IT officials.
The field inspection was very costly and had no financial benefit whatsoever. It would
have been preferable to initially test this field inspection on several pilot areas. The
Water Utility would have reached the same conclusion and would have solved the
problem at a much lower cost!
Example 3: Search for Illegal Reconnections
The Water Utility of Y- City carried out a multi-purpose survey in pilot areas. One of
the objectives was to identify apparent losses and their causes. It became apparent that
a small percentage of the losses were due to clients who had been cut off for nonpayment and had illegally reconnected. Accordingly, it was decided to visit 500
customers who had been cut off for several months for non-payment: it was
discovered that 50% of these consumers had illegally reconnected and therefore were
using water without receiving any billing. It turned out that this fraud was one of the
major sources of apparent loss in that city. The investigation continued and the
cutting-off procedures for non-payment were completely changed. This example
shows that field inspections on well-defined targets can produce highly significant
results.

9.3.3. Methods and Tools
The following paragraphs present several methods and tools. However, based on the conclusions of
former paragraphs, it is recommended to never embark on expensive solutions before previously
testing them in pilot areas or on well-defined samples of consumers.
This section discusses the following issues:
§
§

General methods: general or partial surveys, targeted investigations based on a preliminary
analysis of the database or pilot studies.
Specific tools, such as Cartographic Modelling GIS and Ground Penetrating Radar (GPR)
systems.
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Customer Census and Field Customer’s Surveys
Comprehensive overall survey (or customer census)
The most widely used and comprehensive method - even though not necessarily the most cost
effective one is a complete census of the consumers that can detect all technical and administrative
irregularities and update the customer records.
It is quite obvious, however, that a comprehensive survey of consumers cannot have this unique
objective. Performance of an exhaustive survey is a costly operation. Accordingly, it should aim not
only to detect unauthorized connections and frauds but also to record in the customer database any
other information that may be useful for commercial management. It must also provide better
knowledge of consumers and their installations in order to improve the service, while adjusting
individual rates for service according to the appropriate consumer category and applicable rate
structure.
Conversely, it happens sometimes that the customer census only aims at the updating of the customer
database and is not even related to the systematic investigation and control of fraud. This is unwise.
Very often, the extra costs involved in systematic investigation and control of fraud are greatly offset
in a few months following the survey, provided that anomalies are immediately regularised as soon as
detected. .
Performance of a survey involves the following phases:

Preparatory Phase
§
§
§
§
§
§
§
§
§
§

Analysis of available data and diagnosis of the operation of the commercial departments
Geographical, urban and socio-economic analysis of the Utility’s area of operations
Definition of a more or less comprehensive survey file, depending on the type of required
results
Definition of the utilized means: human resources and equipment, survey and control
procedures
Definition of one area (or preferably several areas with different characteristics) to test the
methodology and carry out an initial evaluation of results
Informing the target population and performing a pilot survey
Correction of detected irregularities by the competent departments
Critical analysis of the results obtained in the pilot areas
Critical analysis of corrective actions to enable meeting the needs of the general survey
Modification of survey procedure and redefinition of quality control procedures as necessary

Execution Phase
§
§
§
§
§
§

Population information (communication) campaign
Extension of the survey in accordance with the conclusions of the pilot survey
Simultaneous implementation of corrective actions defined and tested in the preparatory phase
Quality control.
Statistical control (weekly and monthly) of results: detected irregularities, corrective actions
General outcome of the survey: physical, cost effectiveness and financial outcome

Post Evaluation Phase
§
§
§
§

Analysis of the survey’s lessons for improving the organization of customer management
departments
Need to organize site visits to ensure the continuity of the implemented corrective actions over
time
Evaluation of the Rate of Return of the corrected anomalies
Performance indicators may be used during the post-evaluation phase

These general procedures have been well drilled on many projects but require adaptation to individual
circumstances.
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Partial or Targeted Surveys
To avoid costly surveys, more focus-oriented surveys are sometimes utilized
§
§
§

Survey of a statistically representative sample covering say, 2.5 to 10% of the total city
population.
Selective survey of areas with conspicuous presence of unauthorized connections.
Inspection of “high-risk” users starting with preliminary signs of fraud or unauthorized
consumption based on an analysis of consumptions records, such as zero or abnormally low
consumption rates, significant and inexplicable variations in consumption, etc.

Such an operation does not yield the general advantages of a general survey, but its cost effectiveness
is generally much higher than that of a general survey, if only for the windfalls of detected,
unauthorized connections and various other types of fraud.
The general survey is usually justified only when the customer database is greatly out-dated.
Survey of a representative sample of the customer database consists in detailed analysis of various
areas that are representative of the different types of housing, urban planning or consumers. If the
sample is defined according to sound statistical principles, the rate of fraud and unauthorized
connections may be extrapolated to the entire city population.
The sampling study and results of the partial survey may serve as a decision-making basis to
determine the required strategy:
§
§
§

Expand the survey to the entire city population, or
Carry out the survey in specific geographical areas only, or
Carry out the survey among specific categories of customers only.

Targeted Surveys: High-Risk Customers
Site inspection of consumers with abnormally low consumption or large fluctuations in demand is not
strictly speaking part of a survey. This method may be utilized as soon as customer management has
become computerized. The computer retrieves all the domestic consumers meeting certain criteria,
such as zero consumption or consumption below 5 m³ per month per residential unit.
Inspection is also carried out at sites of industrial or public consumers whose consumption does not
match their actual operation, such as hotels, service stations, etc.

9.3.4. Specific methods
Following methods and procedures may be used independently or in the frame of field customers’
survey.
Information Campaigns
Any field customer’s survey - or census - needs to be preceded by a large public information
campaign. This information campaign should be well designed, with the help of local communication
experts. The survey will be successful only if it can secure the full support of the population and
public authorities.
Cartographic Analysis
There are numerous methods based on existing cartographic data. Sometimes photogrammetric
plotting based on recent aerial photographs may be necessary. Indeed, in developing countries
characterized by rapid demographic growth, maps of city outskirts, often accommodating a fastgrowing low-income population, become quickly outdated. These are also the areas most difficult to
control, which encourages the spread of unauthorized connections.
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Recent cartographic data may be used in different ways:
For a general preliminary analysis a comparison of existing network plans and spatial maps of
properties of authorised customers provides:
§
§

Support for the organization of field surveys as described above.
Support for the identification of non-billed or incorrectly billed buildings.

In most South American countries, there are also large-scale plans or sketch maps of housing
compounds (known as “manzanas”in Argentina and Colombia, or "quadras" in Brazil). These plans
also indicate the plots serving as the basis for geographical coding of subscribers (for municipal
services or for the water supply utility). Colouring the plots corresponding to the registered customers
on a housing compound’s plan leaves white patches corresponding either to potential customers who
are not yet receiving the service or to unauthorized consumers.
It is recommended to use a Geographic Information System (GIS) for more convenient, flexible,
comprehensive and consistent data processing.
Detection of Illegal Connections of Large Consumers
Systematic campaigns targeting large consumers, whether industrial or other , enable locating
unknown connections, which is a common problem when such consumers have enjoyed some form of
impunity for a lengthy period.
Case studies:
In Buenos Aires, in the past, large consumers were usually not billed according to
metered consumption but based on a series of parameters that were not related to
actual consumption. It was therefore perfectly legitimate for the consumer to request
additional connections if the first one was inadequate, either because of increasing
needs or due to other factors, such as lower pressure in the network. When it was later
decided to install meters at sites of all industrial, commercial and public consumers,
the Water Utility was faced with the need to register all the actual supply points of
each consumer. Sometimes, the consumer was not even aware of the number of water
connections it was using.
In Casablanca, the large consumers were granted differential rates according to
whether the water was intended for domestic use or industrial processes. In addition,
some fire protection systems are granted another special rate. Logically, therefore,
there should be three types of distinctive connections. It can be easily understood that
in the absence of effective control, interconnections of these different networks were
often made, either for reasons of technical convenience or to benefit from more
favourable rates.
Different types of investigations may be applied in such cases:
§
§
§
§

Analysis of consumption and follow-up monitoring of each customer
Use of plausibility or consistency criteria, depending on the type of commercial activity
(consumption per room for hotels, consumption per ton of output for industrial units, etc)
Technical inspection of all large consumers
Systematic search for all supply points by means of an appropriate piping detector

Even though these are neither clandestine connections nor frauds, the surveys of large consumers
should generally be accompanied by a diagnostic audit of metering devices. It is well known that an
oversized meter cannot measure small flow rates (or measures them poorly), usually causing highly
significant under-billing. In fact, from the customer relations viewpoint, it is preferable to launch a
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meter auditing and rehabilitation campaign, taking advantage of it to search for frauds or other
possible irregularities.
Local Informants and Reporting
In European culture it is not common for the systematic and open use of informants or reporting as
standard management tools. This reaction is often related to specific historical memories. In other
cultures, however, this prejudice does not exist. On the contrary, denouncing a defrauder is considered
proof of good citizenship: “If your neighbour takes advantage of an illegal connection, you will be the
one to bear his water costs by paying higher fees.... “.
In some countries, the “good conduct”campaigns run by government companies relying on informants
and reporting have produced very good results.
Simultaneous Detection of Non-visible Leaks and Unauthorized Connections
During a campaign for the detection of non-visible leaks whether using a leakage detector or a leak
noise correlator an open connection produces approximately the same signal as a leak. If well
organized, the campaigns for detection of invisible leaks may also enable the detection of unauthorized
connections.
Ground Penetrating Radar System (GPR)
GPR detects underground piping irrespective of the material that was utilized. The first GPR devices
did not have sufficiently high capabilities, but the technology has improved and, under certain
conditions, it enables detecting unauthorized connections.
En particular, the pipeline must not be laid too deeply underground, which is usually the case with
unauthorized connections, and the soil resistivity must be adequate.
Specific Methods for Low-Income Areas
The methods implemented in low- and very low-income areas are very specific. They should include
social elements and should promote effective community participation via local associations. This
issue was discussed in detail in the booklet Alternative Solutions for Water and Waste Management in
Areas with Poor Financial Resources.
The issue of poor areas management is related to the following characteristics:
§
§
§
§
§

Very often, the authorities do not wish to formally acknowledge settlements, avoiding the
official recognition granted by the public utilities.
The safety of personnel and equipment is not guaranteed, making it difficult to perform
maintenance, billing and collection operations.
It is practically impossible to create or update customer records.
Billing procedures are inadequate.
The entire setup is precarious (residents, populations, consumption) so that the assessment of
tasks is impossible.

Irrespective of the situation, it can be imagined that detection of unauthorized connections and frauds
is an impossible feat in an environment such as the above, as in many cases the entire area is not
registered in the customer database.
The problem, therefore, is not defining the means for detection of unauthorized consumers and frauds,
but rather defining a consistent management policy.
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Comparison with Other Utilities’Customer Databases (electricity, telephone, etc)
This method requires agreements between the various utilities. Such comparison is easier to achieve
when the respective utilities use GIS systems.

9.4. Sustainability: Long-Range Preservation of Achieved Results
The measures discussed above will enable keeping the situation under control during the first months
after the operation. However, in order to ensure long-lasting results, the underlying causes must be
dealt with and permanent control mechanisms must be established.
The prerequisite is the general improvement of the customer management

9.4.1. Improving customer management
Prerequisite: Avoid Laxity
On the customer side, dishonesty or cultural patterns may explain the unauthorised use of water; on
the Utility side, laxity is the main cause.
In some developing countries the rate of apparent loss due to unauthorised use of water is extremely
high. The initial reaction is often to justify this loss by the cultural context. It is true that the cultural
context in relation to water supply is sometimes of great importance. This is the case in countries
where water is scarce, but also in countries where water is found in abundance.
A second reaction is to explain the high level of unauthorised consumption by the high water rates in
relation to the low income of the population. There is always a grain of truth in this approach. It is
clear that differential water rates must be applied, to provide water access to all population strata.
However, this approach in itself cannot account for unauthorised consumption either: very often, there
are more defrauders in the rich neighbourhoods than in the poor ones.
Similar findings may be stated in developed Water Utility, even if the amplitude of the issue is
smaller.
In fact, a very poor situation in terms of apparent losses is typically explained by years of laxity in
management and by a lack of enforcement resulting in the near-impunity of defrauders. When such a
situation had been going on for years, reversing the trend may be very difficult. When the downturn in
the situation is recent, it is relatively easy to define the conditions and actions to mitigate the loss and
keep it under control.
First and foremost, the operator must not admit any laxity. The rules must be strictly enforced and
consumers must be fully aware of this. The image of the Water Utility will benefit if users come to
understand that it is the good customers who will foot the bill for defrauders and bad payers.
What are the conditions to be met?
The water utilities that perform well in terms of apparent losses consistently meet the same
prerequisites:
§
§
§
§

§

A clear legal environment.
Good communication with consumers.
Effective organization to combat apparent losses.
Personnel training and incentive policy.
Clear metering policy

Any Water Utility that is in critical condition in terms of apparent losses should strive to meet these
prerequisites and improve its situation. However, even after the action plan to mitigate commercial
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losses has been successfully implemented, these prerequisites must be maintained to ensure longlasting results.
Legal and Contractual Regulation
The subscription contract binding the consumer and the Water Utility must clearly indicate the
consumer’s obligations as well as the penalties and fines to which he becomes liable in the event of
fraud. Looking for frauds is useless if the Utility don’t know when a fraud is discovered.
Penalties must be sufficiently high to have a deterrent effect on potential defrauders. In some
countries, the penalties are so low that it is worthwhile for defrauders to assume the risk. Such a policy
has no benefit whatsoever; it entails both an increase in frauds and an increase in operational costs.
If no contract or general regulatory document between the consumer and the Water Utility exists, it is
strongly recommended to establish such a document and to have it ratified by the competent
authorities. In the meantime, a legal expert should be asked to summarize the country’s legal
provisions with respect to thefts of water and frauds. The structure of the legal system in force in the
country must also be studied.
Communication with the consumers and information campaign
In many cases, launching an information campaign can help combat apparent losses. This is
particularly important if it is decided to perform a consumer survey or other specific activity for the
detection of frauds or other illegal consumption.
A good information campaign inherently produces good results by enabling the reduction of on-site
operations that are always very costly. Several examples are presented below.
Water Utility Organization for Mitigation of Commercial Losses
The organization of the Water Utility for mitigation of commercial losses depends on the Utility size
and the magnitude of problem.
§
§

In small utilities the Customer Department handles detection and settlement of commercial
losses: sometimes two or three persons are enough.
Large utilities sometimes have a specialized department which may have up to 50 persons.

Then some cases are presented to serve as source of inspiration.
§
§
§

Creation of a Consumption Control Centre for systematic detection of unauthorized
connections and frauds.
Creation of a Large Consumers Control Department, including a fraud-detection function.
Creation of Public Relations Department specializing in low-income areas (such as the favelas
of Brazil).

It should be noted that the Customer Relations Department (or Unit) must often operate in
coordination with the Distribution Department (or Unit), which has the capability to detect
unauthorized connections or with the Metering Department (or Unit), which defines the metering
policy. The scope of this coordination depends on the size of the Utility.
Quite often, an NRW Steering Committee should be established to enable the various participants to
coordinate their actions with respect to real losses, apparent losses and metering losses.
§

Training and Incentive Program

When apparent losses are particularly high all Water Utility personnel must be involved in the effort
against apparent losses.
Under normal circumstances, the personnel in charge of detection and control of real and apparent
losses must undergo specialized training. However, training alone is usually not sufficient. Personnel
should also feel motivated. There are many ways to increase motivation of personnel.
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§

Metering Policy

The Water Utility’s metering policy must be very clear and should be contained in a reference
document.

9.4.2. Creation of a Consumption Control Centre for Systematic Detection of
Unauthorized Connections and Frauds
This is a case study. It refers to a Consumption Control Centre (CCC) project that was successfully
implemented in South America
The project consisted of several phases:
§
§
§
§
§

Launching an information campaign (“good conduct”) in the media.
Establishment of a specialized department (the CCC), “to assist users in solving local water
supply problems”.
General pardon for users who declare unauthorized connections or frauds within a specific
period of time, such as three months*.
After this period, initiation of a field inspection or survey intended among others to detect
unauthorized connections and frauds (bypass, meter tampering, etc.).
Enforcement of a punitive policy based on clear control and legal procedures.

(*) In some places population mobility is very high. Accordingly, a user may be unaware of a fraud committed
by a previous owner or tenant. Therefore, during the period of grace, the user could ask the CCC to come and
check for frauds that were “committed by a previous tenant”. After the period of grace, the Water Utility
recommends that tenants carry out an inspection of the sanitary facility (free of charge) prior to moving into a
new home.

9.4.3. Establishment of a Large Consumers’Control Department Including a
Fraud-Detection Function
Large consumers account for a major share of billing. Pareto Law (20% of customers account for 80%
of billing) is not always applicable due to the predominant type of customers in a particular water
utility. However, the customers/billing ABC curve sometimes reveals highly significant ratios of this
magnitude.
The large consumers cannot be treated like everybody else and require customized treatment. In
certain cities, in the absence of adequate treatment, industrial consumers leave the Water Utility and
outfit themselves with independent installations (which is not always against the law).
Large consumers therefore must receive high-quality service. On the other hand, they must be
subjected to ongoing control: monitoring of consumption variations, fraud detection, installation of
meters of appropriate size, etc.

9.4.4. Creation of a Specific Public Relations Unit for Low-Income Areas
Specific actions to be conducted in very low-income areas have been extensively discussed above. In a
small operation with a relatively small number of such areas, the problem should be handled by the
Customer Department.
Taking into account the magnitude of the measures to be implemented as well as the cultural aspects
that must be understood in order to pursue them, it may be advisable to establish a specialized Public
Relations Department, perhaps within the Sales Division, for very low income areas: relations with
community associations, churches, sports clubs and various non-governmental organizations (NGOs).
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9.4.5. Utility Personnel Incentives and Involvement in Fraud Detection Programs
In the first phase, agents, who for years took advantage of a system based on more or less generalized
corruption, must be eliminated from the very outset. In a second phase, the “meter reading”function
must be reorganized.
A primary question is: should meter reading be performed by Utility personnel or should it be
subcontracted? In many cases, the meter reader is the only interface between customer and Utility. Is it
wise to entrust this responsibility to an outsider who is also probably very poorly paid? Will he resist
the temptation to “round off” his monthly wages by entering into illegal agreements with certain
consumers? It is well known that in certain countries this practice is quite widespread. Wouldn’t it be
preferable to have utility-paid readers who the Utility can trust and who participate in the search for
unauthorized connections and frauds? Of course, this would involve appropriate training and an
adequate financial incentive.

9.4.6. Development of Communication Programs with the Public
Public Relations Unit
The first errors due to poor understanding of the psychological, cultural and political realities of its
adoptive country may be costly. Such examples abound. Therefore, it is recommended that a new
operator or a consultant set up at very outset an effective Public Relations Department, which relies on
competent national advisers in the field of public relations and communications media.
The Water Utility must maintain permanent relations with the most influential communications media.
Opinion Surveys
It is not sufficient to communicate with the customers via the media. Consumer opinion of the
provided service is also important.
The indicators determined by the Sales Division (number of complaints, repair response time, etc.)
represent the first approach. Performance of periodic opinion surveys is important as well.
These activities seem to be quite distant from our main subject, which is combating fraud and
unauthorized connections. However, they are not quite as remote as might appear. In fact, it is
indispensable that cultural responses be gradually modified and the public’s confidence gained in
order to be able to intensify the efforts against fraud with general support.

9.4.7. Social Empowerment
It may be useful to mention the concept of Community Empowerment which is issued from the former
Community Participation Programme concept and that is often useful in many low and medium
income countries. Community Empowerment techniques have been developed a lot during the last 15
years by some water utilities and they appear to be a very powerful tool for managing water supply in
rural area and in very low income urban areas.
Community Empowerment consists of a set of supporting measures and actions aiming at:
§
§
§
§

Making sure that a water supply project (including water charges) fits the population demand
and that the population has been involved in the various stages of the project.
Developing necessary relations between the stakeholders to work together and formalizing this
relationship under contracts or agreements where necessary.
Making sure that all the conditions are met under the project to establish sustainable water
services.
Strengthening the capacity of the communities that are – or will be – involved in the
implementation of the project and the management of the water services.
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Community empowerment allows the best possible interaction between the stakeholders in order to
increase the benefit of each of them. This optimisation of the overall benefit for each stakeholder - in
economic, financial and social areas - is the best criteria for success. In particular, it guarantees the
complete involvement of each stakeholder in order to make the project sustainable.
Community Empowerment involves well trained staff capable to elaborate strategies that fit to each
community, to create or adapt appropriate analyze tools, to train the communities and to liaise for
technical and socio-economical reasons. Community Empowerment implies a real cultural change for
both the consumers and the water operators.

9.4.8 Technology
Following techniques may be utilized either because they contribute to improve management, and
consequently, lead to a reduction in the possibility of fraud or because they enable detection of
existing frauds.
§
§
§
§
§
§
§
§
§

§

High performance and user-friendly customer management system enabling easy formulation
of queries and monitoring consumption patterns and irregularities according to categories of
consumers
GIS system in conjunction with a customer management system enabling easy identification
of non-serviced plots
Computerized water meter reading system, such as DPA
Clear meter sealing policy, utilization of tamper-proof seals.
Noise correlation equipment
Piping detection devices
Inviolable valves on house connections
GPR for detection of unauthorized connections.
Pre-payment water meters
Data loggers.

9.5. Miscellaneous
Some useful aspects relating to the occurrence and measures required to addressing unauthorised
consumption is provided in this section.
GIS and PDAs
The use of portable PDA complete with access to the GIS database (indicating known meter positions
and readings) together with pipe location techniques (and pilot holes, etc) can be an effective approach
to finding unauthorised connections.
Portable GPS units, such as by Trimble, are relatively inexpensive and are accurate to within a metre
(m) after subsequent office satellite corrections are made.
Analysis of Data
Continuous analysis of consumption via KPIs, statistical and trend analysis is recommended, as is a
continuous audit of customer and meter data. Commercial processes should be reviewed for
weaknesses e.g. meter change advices, approval of estimated readings, processing of consumption
adjustments etc.
Construction Methods and Specifications
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Pipeline construction methods such as the use of special pipe materials and soil backfill additives can
be specified to discourage making illegal connections.
Illegal connections into pipes can be minimised by implementing various design, specification and
construction standards. Although these measures will minimise illegal connections they probably still
require other non-technical solutions such as social and political interventions to address the problem.
The higher the operating pressure of large bulk water supply pipelines the greater are the dangers of
illegally taping into the pipeline and hence there is a tendency to discourage this type of activity. Air
release valve and scour valve installations on large bulk supply pipelines require securing through
integrated lockable maintenance hole (M/H) access covers, as these are usual targets for illegal
connections on high pressure pipelines. Other related engineering design and economic issues must
also be considered before increasing the operating pressure within pipelines.
Smaller, non-metallic and low-pressure water reticulation network pipelines are more susceptible to
illegal connections. Generally an increase in pressure will result in higher real losses and pressure
limitations of internal plumbing within buildings will also limit maximum operating pressures.
However, depending upon the extent of the economical implications, burying pipelines in soil
strengthened with admixtures could have some impact on discouraging the practice of illegal
connections.
Metered Standpipes
Metered standpipes that are availably from water authority of metered standpipes for contractors to use
when using water from hydrants.
Lifeline Tariff
The allowance for a free initial ’lifeline’volume that provides an initial volume of water free for
essential human consumption will reduce the theft of water for survival
Flow and Volume Control Devices
Flow control devices such as lockable three way shut-trickle-full flow ball valves or orifice washer
installed at connection point are useful to limit losses due to unauthorised connections.
Flow control devices facilitate water demand management at the point of delivery to the user. Non
pressure- compensated flow control devices deliver water at different flow rates depending on the
supply pressure in the reticulation system. Pressure- compensated flow control devices allow a user to
take water at the same flow rate as supply pressure if the reticulation system varies.
Non-pressure compensating devices are generally used as temporary flow limiting measure in
response to non-payment of water bills. These devices can either be a simple orifice inserted into the
pipe or a lockable ball valve. The latter device does not require removal after receipt of payment and
can be reused in the event of any future non-payments.
Pressure-compensated flow control devices are either installed in association with on-site breakpressure storage tanks and float valves with constant head outlet or with an in-line flow-sustaining
valve. These devices are generally used for permanent installations that limit the supply volume to
what the customers can financially afford and to ensure the reticulation system operates within predefined hydraulic criteria/standards.
Volume control devices include pre-paid metering systems consisting of electronic systems linked to
meters and solenoid valves.
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10. ERRORS ON DATA ACQUISITION CYCLE
Summary
The reliability of the water balance and the related strategic decision rely on the confidence
limit of the assessment and measures that are carried out to establish the balance. Errors
associated with the acquisition of data are much broader than any errors incurred due to
meter reading procedures. Errors in data can be introduced at all stages of the data
acquisition cycle.
This Chapter shows what the various sources of errors are and how to get these errors can be
minimised.
A special section is devoted to meter reading procedures. Aspects of data transfer such as the
SCADA systems and more recently, the Automatic Meter Reading are also described.

10.1. Definition and basic issue
10.1.1. The Data Acquisition Cycle
Apparent water losses are continuous, insidious, and long-term. They generally account for most of
the losses in revenue as well as inefficiencies in water management. These losses are due to errors
associated with metering, as well as data transfer and data management errors.
Effective management relies on effective measurement, coupled with reliable and accurate information
transfer. Errors are introduced to data as it is transferred through a cycle of capture, collection,
transmittal, processing, manipulation; representation and application.

Figure 23 : The Data Acquisition Cycle (Johnson, 2009)
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Minimising the errors introduced at these various stages of the cycle illustrated in Figure 23 facilitates
the reduction of apparent losses.
The impact that these introduced data errors have on apparent losses are illustrated in Figure 24

Figure 24 : Minimisation of data errors and apparent water losses (Johnson, 2009)

Examples of how these data errors and hence apparent water losses can be minimised in each stage of
the cycle are briefly described as follows:
Capture. The identification of the most suitable sensor for a particular application together with its
correct installation and location can minimise measurement errors. Implementation of regular
accredited on- and off- site calibration of the sensor facilitates an increase in confidence in the data
produced by the sensor.
Collection and Transmittal. Errors usually associated with a manual data collection system can be
reduced through the implementation of automatic meter reading (AMR) systems. Insidious (stealth)
errors can be reduced through regular examination of the path along which the data is transferred and
converted into different formats. An important long-term consideration in minimising data loss is the
life expectancy of the media that contains the data.
Processing. The design and implementation of validation processes that identify and quantify errors in
the data also facilitates the reduction of errors in this stage of the cycle.
Manipulation and Representation. Translating and transforming data into a format that is acceptable
and understandable to the range of intended users also minimises errors. Processed data that will relay
meaning enhances knowledge creation and reduces errors that could possibly arise due to
misconceptions and misunderstanding.
Application. The integrated interpretation of data that best replicates future conditions of the various
systems associated with water utilities facilitates their decision-making processes. The efficient and
effective management and control of data errors enhances the interpretation process.
Feedback and Response. As new water infrastructure is created, implemented and operated new data
is generated. There is therefore an evolution of the data originally used as a basis for decision-making
at a planning stage to the data subsequently generated by the new water infrastructure. The new data is
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influenced by the errors in the original data as well as any inaccuracies associated with data
transformation processes. The formulation of a revised strategy at the commencement of a new cycle
for the acquisition of data facilitates the identification of the set of measures that will minimise
measurement errors, optimise decision making and ultimately ensure the sustainability of water,
human, financial and other resources.

10.1.2. The Data Acquisition Cycle as an intangible asset
Johnson (2009) has developed a comprehensive reference for the management of non-revenue and
revenue water data for urban and rural water authorities. An argument is also presented in the
reference that proposes the classification of data as an intangible asset through encouraging its reliable
management.
Data are therefore the means by which apparent and real water losses are communicated and
comprehended. Errors in the data therefore adversely affect the communication and comprehension
processes.
The management of apparent and real water losses requires a significant investment in data
management and if this is not undertaken at the outset of a project there is greater risk that the
strategies and measures selected may not achieve the optimal results. Economical aspects are treated
in Chapter X.
The data management topic is a very large one and may justify a whole book. For an overall analysis
of this topic one may refer to Johnson EH (2009), Management of Non-revenue and Revenue Water
Data Engineers Media, Australia)
The current guidelines only focus on the most current issues that the practitioners have to address:
§
§
§

what are the most common sources of errors
what needs to be analysed at the review an assessment stage
what are the most common actions to be taken

Due to their importance, special sections are dedicated to water meter reading and automatic meter
reading (AMR)

10.2. Review and Assessment
Following are some suggested items that need to be considered as part of an audit of the data
acquisition cycle.

10.2.1. Errors in water input data
This point is of paramount importance since it has an essential impact on the reliability of the water
balance itself and consequently on the quantification of the various type of losses.
Following items needs to be considered and audited:
§
§
§
§
§
§
§

Measurement error of the bulk meters that monitor the volume input volumes (and the
transferred volumes, if any)
Procedures for the routine calibration of the meters
Extent of the errors associated with the primary measurement device
Extent of the errors associated with the secondary measurement device
Reliability of the equipment used for data transfer or remote reading (SCADA for instance)
Analysis of the interruptions to the remote reading frequency
Analysis of the procedure used to correct or estimate the data values when equipment is out of
order.
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10.2.2. Customers’Meter Reading Errors
This section deals with various aspects of the sources of meter reading errors associated with customer
meters and used for generation of water bills. As an alternative to a lengthy discussion on the topic and
for brevity, key points have been listed that should be considered when investigating the problem
meter reading errors as well as summary points of some other related aspects.
Principles:
§
§
§
§
§
§

Meter reading in the Water Utility
Various kinds of meter readings
Frequency
Processing anomalies
Meter reading and communication
Cultural and legal aspects

Meter reading in the Water Utility

Figure 25 : Meter Reading and Payment process in the Utility flow chart

The flow chart shown in Figure 25 indicates the importance of the meter reading process and the
revenue collection process for any water utility.
Meter reader’s tasks and responsibility are the following:
§
§
§

To read the meters (meter reading code)
To detect anomalies (anomaly code)
To inform customers

Methods of meter reading
The following are selected examples of various methods of meter reading:
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§
§
§
§
§

Manual reading
Reading with portable digital assistant (PDA or Hand-held computer)
Remote reading
Periodical or rolling meter reading procedures
In-house reading and out-sourced reading

The stages of the meter reading process include the following:
§
§
§
§
§

Preparation stage: batches and meter reading routes
Meter reading in the field
Critical review before billing
Processing administrative anomalies
Processing technical anomalies

Frequency of meter reading
The frequency of meter readings could be influenced by the following factors:
§
§
§
§
§
§

Customer mobility
Customer’s agreement (or not) on estimated bills
Seasonal variation of tariffs (e.g. resort areas)
Operational cost of meter reading and billing
Improvement of working capital
Important: Frequency of billing and frequency of meter reading may be different

The advantages of a more frequent reading are as follows:
§
§
§
§

To bill more frequently
To suit the ability to pay by small customers (important in low income areas)
For faster detection of anomalies on water meters and house connections
For faster detection of anomalies on consumption and frauds

Inconvenience of a more frequent reading includes the following:
§
§

High operating cost
The critical review of the data requires more staff

Changing frequency of meter reading
When considering the need to change the frequency of reading and billing (e.g. from monthly to
bimonthly) the following items require investigating. The overall benefits require establishing for
a comparison of the various alternatives.
§
§
§
§
§
§

Number of meter readings to be carry out
Number of meter readers necessary to read the meters for each period
Cost of the meter reading
Benefit or loss due to undetected leaks
Benefit or loss due to undetected fraud
Losses due to inoperative meters

The following also require investigation/ consideration:
§
§
§

Technical and logistical aspects
Impact on cash flows
Communication campaign

Meter reading and Call Centres
Meter reading and billing are usually an important source of data resulting from customer complaints.
Analyses of the number of calls and types of complaints will assist in improving meter reading and
other associated procedures.
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Meter Reading and Apparent Losses
The quality of meter reading has a direct impact on the level of apparent losses. Meter readers should
therefore be involved in any apparent losses reduction programmes.
Cultural and legal aspects
Consideration should be given to national laws and by-laws such as the following:
§
§
§

Customer’s contract
Customer’s regulation
Details of fines and penalties as stipulated by legislation and regulations.

The following also requires consideration:
§
§
§

What are the legal rights concerning entrance to a property and dwelling?
Who is the owner of the meter?
Do the customers accept bills based on estimated consumption?

Points to be audited
Concerning the meter reading procedures, the following points must be the subject of a specific
analysis, or even an audit:
§
§
§
§
§
§
§

Quantity of unread meters (why? and since when?)
Critical analysis of the meter reading procedures
Control on unread meters (second reading, inspection etc.)
Missed or omitted meters
Dishonest meter readers/corrupt meter reading
Corrections to incorrect meter readings: for instance, a negative meter reading can often
introduce errors into the estimating algorithms in the software
Under registration generated by the delayed replacement of stopped meters

Some appropriate techniques
Some techniques that can be used to minimise meter reading errors are as follows:
§
§

Readings provided by the customer
Remote meter reading (AMR) This point is described in subsequent text.

10.2.3. Billing and Accounting errors
This section deals with various aspects of the sources of billing and accounting errors associated with
the generation of water bills for customers. As an alternative to a lengthy discussion on the topic and
for brevity, key points have been listed that should be considered when investigating this problem.
General
The following can be undertaken to indentify the causes of billing errors and facilitate the
identification of measures to address these anomalies:
§
§
§
§
§

Audit on commercial procedures
Audit of the billing software
Audit on security procedures including computer staff ability and level of access authorisation
Critical analysis of the billing spreadsheets and statistics
Administrative privileges (if any)
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Some specific items
Typical sources of errors include the following:
§
§
§
§
§
§
§
§

Erroneous calculation
Erroneous or misleading algorithms
Programming errors in the billing software
Quantity of estimated bills;
Factors or criteria used for the bill estimation
Billing corrections. Sometimes corrections, based on a customer’s justified request, are
manually processed and are not taken into accounts in the final statistics and results: Money is
taken into account but relevant volumetric amount of water is not
Discounts that are manually processed and that are not taken into accounts in the final
statistics and results: money is taken into account but relevant volumetric amount of water is
not
Fraud or illegal practise on the customer database or on the computer itself.

10.3. Set of corrective actions
10.3.1. Reduction of water input data errors
The determination of the exact magnitude of errors associated with the determination of the
volumes of water supplied into the system requires the establishment of an accredited calibration
approach (also refer to Chapter 7 for more details). Comparison between the on-site meter readings
and the value provided by the remote reading and/or SCADA System provides a useful measure of the
extent of errors introduced into the data acquisition cycle.

10.3.2. Meter reading
Improvement of meter reading procedures as well as the use of handheld computers can reduce the
errors associated with meter reading. The following interventions / devices could also be considered:
§
§
§

Improvement in monitoring procedures
Implementation of continuous remote reading (AMR)
Enhancement of associated GIS/GPS procedures as some types handheld terminals for meter
reading have GPS, GSM (mobile communications) and a built-in camera

10.3.3. Billing and Accounting
The customer services management must rely on clear procedures that are regularly independently
audited such as for the installation of a meter, meter reading, administrative procedures, billing
delivery etc. Anomalies identified can therefore be used as a source for improvement in the
procedures.
The main actions suggested are:
§
§
§
§

Periodical critical analysis of the billing spreadsheets and statistics
Continuous monitoring of the commercial and computer procedures (ISO 9000)
Continuous monitoring of the computer security procedures (ISO 9000)
Comparison of billed volumes to delivered volumes on a zone basis

§
§
§

Establish revenue collection efficiencies
Establish Return on Assets (ROA) ratio
Tariff design
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10.4. Some specific actions or solutions
10.4.1. Reduction of signal path errors
The conversion of data into various formats as it follows a path through a telemetry or smart metering
system can cause changes to the original signal generated at the sensor. Errors are introduced to data
during its conversion into an appropriate format for storage at the outstation or data concentrator unit
as well as during further conversions for transmittal and reception at a central base station. These
errors can be induced due to the incorrect electronic identification, in the sequence of transmitting, in
the transmission and in the conversion of data.
Output signals from water meters are generally converted for transmission and reception by analogueto-digital (A-to-D) converters. Digital errors can be introduced during this conversion process that
result in incorrect negative values, a continuous maximum value and/or extreme changes in
consecutive values. Transmission of signals over radio frequencies can be interrupted causing a loss of
data resulting in gaps in this data. On-site audits and off-site statistical analysis checks should be
carried on a regular basis to identify these anomalies.
Signal path errors can be minimised through the use of the following (Johnson, 2009):
§
§
§
§
§

Synchronised real-time clocks in the outstation/ data concentrator unit;
Programmable error correcting software algorithms for the outstation/ data concentrator unit;
Communications software that optimises data transmission;
Software that ensures outstation/ data concentrator unit only transmit data when interrogated
by the central;
Communications software that have both error detection and correction capabilities.

10.4.2. Establish meter reading efficiencies
There is a need to establish the extent of the problem and the benchmark for improvement.
Meter reading efficiency is a measure of the extent that the meter readings are correct and also has an
impact on the determination of billing efficienciy.

10.4.3. Advantages and disadvantages of different meter reading methods
Different methods of reading meters are summarised in Table 11 and generally the more automated
methods are applicable to those countries with higher labour costs and higher water prices.

Method

Comment

Self-reading by customer and submitted by telephone,
letter or internet to water authority.

Requires random auditing and auditing based on credit
control reports.

Visual reading and recording of reading in a book.

Each reading has to be manually recorded in the water
authority’s management system.

Schedules manual reading and recording of reading in
a handheld electronic device. The meter reader’s route
is scheduled and different routes are allocated to
different meter readers on a rotational basis.

Readings are downloaded automatically into the water
authority’s
management
system.
Depending
geographical features, 200 to 500 small residential
meters can be read a day by a meter reader using this
method.

Programmed photo-meter-reading with a special
digital camera.

Only recommended if a manual meter reading could
be problematic such as in some developing countries.
Each reading is manually recorded in the management
system.

Program scan-meter-reading with a
computer with or without site charging.

Like photo-meter-reading, this method ensures that
the meter reader actually visits each meter. Readings
are downloaded automatically into an information
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management system. Maintenance and capital cost are
high, nearly twice that of a photo-meter-reading
system.
Smart technology reading of end of month reading any
day after the end of the month with a hand-held or laptop computer.

Usually linked into a prepayment volume control
metering system. This system facilitates the
monitoring of Non Revenue Water.

Automatic Meter Reading (AMR) while passing the
customer’s meters and automatically read meter with
an electronic hand- held terminal or portable
computer.

Can be linked into a volume control prepayment
metering system. Has the advantage that the meter
reader does not have to enter the customer’s property.

Automatic Meter Reading (AMR) from the water
authority’s office by radio, power cable carrier,
telephone cable or mobile phone.

It is a costly form of meter reading but it presents a lot
of advantages for the management of the meters and
customers. The advantages exceed the simple meter
reading aspects and a full analysis need to be carried
out.

Table 11: Different methods of reading meters (Johnson, 2009)

10.4.5. Meter Lag
The water balance and the indicators are calculated for a given period of time, but it is generally
unlikely that all water meters are read at the same time. It is usually possible to read the bulk input and
output meters at the same time because they are fewer in number than the customers’ meters.
Customer meter readings are usually carried over a period of several weeks. This meter reading lag
generates some discrepancies in the calculation of the various indicators.
The meter lag may result from the following:
§

The billing period, the meter reading period and the production period could be different

§

The lengthy duration of the customers’meter reading period.

Various solutions can be implemented by a water utility to adjust for this meter reading lag are listed
as follows:
§

Using approximations without any meter lag corrections such as indicators that are calculated
on a 12-month rolling period in order to minimize meter lag effect (see example on Fig 27).

§

Sharing the meter reading figures on different water supply periods (see Fig 26)

§

Reading the input and output bulk water meters at the weighted centre of the customers meter
reading period. It can be done by meter reading batch or by meter reading routes.

§

Extrapolating the customer consumption values one by one in order to fit with the large meter
reading periods: this can be done automatically by some billing software upon request.

§

Tailoring more or less sophisticated software to minimise the meter lag effect.

§

Using an automatic metering system (AMR), which completely solves the problem of
metering lag since all meters are read simultaneously? (see next section)
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Figure 26 : Meter Reading Lag

Figure 27 : Meter lag - Monthly calculation of NRW on monthly, quarterly and yearly
period
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10.4.6. Under registration generated by the delayed replacement of stopped
meters
Meters are generally manually read monthly, bimonthly or quarterly. Stopped meters are therefore
easily identified and replaced with implementation of correct organisational procedures.
When most meters are read every six months or once a year with only a few large meters read monthly
it is unlikely that stopped meters will be detected within this lengthy meter reading cycle.
A suggested compromise for the latter situation would be to implement monthly reading of all large
consumers that represent approximately more than 50% of the volume of water sales.

10.4.6. Automatic Meter Reading (AMR)
(a) GENERAL (source Wikipedia, Feb.2009)
AMR
Automatic meter reading, or AMR, is the technology of automatically collecting data from water
meter or energy metering devices (water, gas, and electricity) and transferring that data to a central
database for billing and/or analyzing. This reduces labour costs, and in the case of estimates, billing
can be based on actual consumption rather than on an estimate based on previous consumption. It also
gives the customer better control of their use of energy, gas or water consumption. AMR technologies
include handheld, mobile and network technologies based on telephony platforms (wired and
wireless), radio frequency (RF), or power line transmission
Advanced AMR and AMI
Originally AMR devices just collected meter readings electronically and matched them with accounts.
As technology has advanced, additional data could then be captured, stored, and transmitted to the
main computer, and often the metering devices could be controlled remotely. This can include events
alarms such as tamper, leak detection, low battery, or reverse flow. Many AMR devices can also
capture interval data, and log meter events. The logged data can be used to collect or control time of
use or rate of use data that can be used for water or energy usage profiling, time of use billing, demand
forecasting, demand response, rate of flow recording, leak detection, flow monitoring, water and
energy conservation enforcement, remote shutoff, etc. Advanced Metering Infrastructure, or AMI is
the new term coined to represent the networking technology of fixed network meter systems that go
beyond AMR into remote utility management. The meters in an AMI system are often referred to as
smart meters, since they often can use collected data based on programmed logic
The Automatic Meter Reading Association (AMRA)
The Automatic Meter Reading Association (AMRA) endorses the National Association of Regulatory
Utility Commissioners (NARUC) resolution to eliminate regulatory barriers to the broad
implementation of advanced metering infrastructure (AMI). The resolution, passed in February 2007
[4], acknowledged the role of AMI in supporting the implementation of dynamic pricing and the
resulting benefits to consumers. The resolution further identified the value of AMI in achieving
significant utility operational cost savings in the areas of outage management, revenue protection and
asset management. The resolution also called for AMI commercial case analysis to identify costeffective deployment strategies, endorsed timely cost recovery for prudently incurred AMI
expenditures and made additional recommendations on rate making and tax treatment of such
investments.
Advantages of AMR system include:
§
§

Increased efficiencies: the complexities and inefficiencies of manual systems are eliminated.
Accelerated and accurate billing.
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§
§
§
§
§

Tamper notification: on-line monitoring of all meters that immediately identifies operating
problems that usually cause apparent water losses. e.g. undetected stopped meters)
With the meter data being readily available, more flexible billing cycles would be available to
the customers instead of following the standard utility read cycles.
Reduced labour cost as a result of automating reads, connections and disconnections
System has the flexibility to adjust for reading cycles, adjustments to tariff and changes in
tenancies.
Cultural change: the ability of tenants and landlords alike to be able to view water
consumption data via the Internet has social, environmental and economic benefits. These
benefits are evident by changes in consumer behaviour in conserving the usage of water.

(b) AMR SCHEME
The data is transmitted from the meter to radio data collector (network node) via a data concentrator.
The data is then transmitted to a central data base at the billing office from the data concentrator
utilising radio or GPRS technology.
Following text and pictures have been extracted from a case study presented by Suez-Environment at
the 4th IWA Conference in Vienna in September 2008.
The three main components of the AMR system are the transmitter, the receiver and the software.
Meter module and transmitter
The initial target of the meter module is to collect information from “AMR ready”or “Smart”water
meters. Meters modules are designed to offer compatibility with the full range of any water meters
offering new “Inductive Detection” compatibility. A dedicated identification shall be proposed in
order to clearly recognise compatible meters.
There are different types of solutions depending on VHF availability or not: VHF meter module, SL
meter module and L (antenna) transmitter, SL GSM gateway.
SL GSM Gateway collects data from meters or sensors through a serial link communication port and
sends periodically this information towards an information system through the GSM wireless network.
The Meter Module transmits on request sophisticated pre-calculated metering information, like ID,
index, flow rates, alarms, status, etc…
Pulse frame: Meter module stores and sends periodically index: network metering or sub metering.
Monitoring frame: The Meter module also stores monitoring information like backflow index,
calculates minimum number of positive turns detected during fix periods (this value helps to indicate
leak) or number of direction change.
Receiver
The receiver collects frames received thru antennas (up to 3 antennas per receiver) and sends
periodically this information towards an information system through the GSM wireless network.
Software
The AMR software (SITR on the scheme) collects data for:
§ installation,
§ supervision (data acquisition),
- AMR software requests
- Infrastructure for anomaly detection
- Infrastructure for programmed or on demand reports
§ consumption analysis,
§ billing
Overall schemes
Example of AMR are illustrated in Figures 28, 29 and 30.
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Figure 28 : AMR scheme 1

Figure 29 : AMR Scheme 2
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Figure 30 : Integrated AMR IT System
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(c) AMR - POSSIBLE CAUSES FOR FAILURE
This section refers to the possible errors caused by the data acquisition system itself. AMR systems
need to take into account the possible causes of failure, identify how to minimize the effects of these
failures and provision of automatic error detection.
Metering accuracy
The metering module has to be accurate and the associate equipment compatible with each other.
An example of errors introduced due to the pulse duration being too short for maximum capacity of
the meter.
Simultaneous receipt of transmissions
Two frames (set of data) could be received at the same time by the same antenna resulting in a loss of
data. This could be the result of the collision of data transmitted by two different meters. There is also
a risk of interference due to an inadequate broadcast band width.
Solution to this problem is the application of time-stamped data or/and recuperation of the data on
another receptor.
Computer software
The software must have the following features:
§ Decode the frame
§ Check the quality of data
§ Manage the redundancy
(d) MANAGING AMR INDUCED APPARENT LOSSES
The management of AMR induced apparent losses could be initiated from customer complaints or
from field surveys / inspections and result in the following: :
§
§
§
§

Rapid detection of meter reading anomalies such as stopped meters,
Rapid detection of sudden changes in the customer consumption pattern (profile)such as
higher probability of fraud or tampering
Rapid detection of meter under sizing (or over sizing) due to a sudden and permanent change
in the water consumption of a large consumer.
Cancelation of the meter lag or meter reading lag effect

AMR may facilitate conducting the following surveys:
§
§
§
§

DMA consumption patterns
Minimum night flow measurement
Loss per DMA
Customers habits
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11. UNPAID BILLS
Summary
Unpaid bills and outstanding debts do not refer to apparent loss as defined in the WLTF water
balance, but there is no doubt that they generate real financial losses.“Unpaid bills” and
“outstanding debts” are very real issues that need to be addressed under certain circumstances where
this has been identified as a problem.
Another reason to include the problem of the unpaid bills in the AL Guidance Notes: in many utilities,
unpaid bills are a significant source of apparent losses. Sometimes, consumers who are disconnected
for non-payment reconnect their house connection illegally and become illegal consumers. In that
case the Utility is loosing twice: through outstanding debts and through apparent losses.
Unpaid Bills can also be considered as an important component to be addressed in an action plan.
NRW and Revenue Collection cannot always be considered as a completely independent issue: it can
be relatively easy to carry out specific actions to reduce apparent losses and to issue relevant bills to
the customers but it is much more difficult to get the payment of these bills from bad payers and
defrauders. Cost benefit analysis of apparent loss reduction should be based on collected revenue and
not only on billed revenue.
This chapter lists some approaches and solutions to address this issue either in the frame of current
operation or corrective actions.
Emphasis is placed upon payment and revenue collection procedures that need to be adapted to the
local technical and cultural background as well as on the customer information system (CIS) that is an
essential tool with respect to revenue collection but also to apparent loss control.

11.1. Definition and basic issues
In the IWA Water Balance, NRW is defined as the volumes of water that are not billed. NRW consists
of three components: unbilled authorised consumption, real losses and apparent losses.
Some practitioners are of the opinion that there is a fourth component of NRW: the volumes that are
billed but remain unpaid. Based on this statement these practitioners propose to modify the water
balance as stated in Section 3. Most of the members of the AL initiative are not in favour of this
change and consider that purely technical issues should be separated from purely financial issues. This
is because volumetric amounts of water are internationally defined and comparable while the financial
value of water differs widely and cannot be globally compared nor equated to a universally
comparable volume. The value of water differs due to different tariff structures, currency exchange
rates and the time value of money to such an extent that assigning a volume to an unpaid amount
would unlikely be a generally accepted benchmark. The matter is further complicated by the common
practice of adjusting the value of consumer accounts (bills) to allow for penalties, to distribute the
financial losses (i.e. adjustments for billing errors) or to compensate for meter reading errors thereby
making the relationship between volumetric amount and unit cost of water differ significantly from
official tariffs.
The unpaid bills and their impact on the operation and water tariff of water utility are well known.
Low collection rates generate insufficient cash flow to face the challenge of many water utilities such
as availability of water quantity and quality, ageing infrastructure and other resources, growing
population and urbanisation, human resources, tariff issue, increasing accounts receivables. In addition
it is necessary to deal with various political/legal and regulatory aspects.
Unpaid bills often influence the generation of additional apparent loss for example consumers
disconnected for non-payment do require water to survive and they usually get it through illegal means
such as unauthorised reconnections.
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In addition, economical and financial targets may not been met if the cost benefit analyses have been
based on the amounts billed instead of the amounts effectively collected.
This Chapter presents some practises that can be implemented to reduce unpaid bills.

11.2. Review and Assessment
The existing situation in terms of unpaid bills and accounts receivables need to be reviewed and
assessed. Usual indicators are as follows:
§

§

Collection Efficiency is the percentage of the total amount billed that is collected, i.e. amount
collected divided by amount billed. This is directly related to account receivable. As there is a
time delay from the time the billing is done until payment is received the two values compared
would be for different months, however the assumption is that on average over longer periods
the goal should be as close to 100% efficiency as possible.
Outstanding customer’s debt is usually measured in days or months.

There are many items to be considered and many preliminary surveys and analysis to be carried out
before developing and implementing the correct strategy and policy. A list of selected examples is
provided as follows:
§

§
§
§
§
§

Establish the revenue collection ratio and level of outstanding debts: analysis of billing,
revenue collection, accounts receivables and collection ratio on a 5-year period and analysis of
tariff change in order to detect any relation between tariff change, billing and revenue
collection (“elasticity”survey)
Establishment of revenue collection procedures is critical.
Obtain an understanding of the customer’s behaviour such as: motivation for payment,
consumers’ability to pay and consumers’willingness to pay
Obtain an understanding of the behaviour of the utility’s staff’such as: motivation of bill
collectors and causes of any internal unauthorised practices
Understanding of water disconnection procedures such as: disconnection for non-payment
procedures and penalties for non payment
In countries where disconnection is prohibited identify the detailed procedures and detailed
results

11.3. Set of corrective actions: 1. about laxity and impunity
In some cases, high level of apparent loss and outstanding debts are due to a certain level of laxity on
the Utility’s side that results in a feeling of impunity on the customer’s side. A general audit will
permit to better analyse the situation.
Corrective actions to reduce outstanding debts will depend on the result of the audit. They may include
complete change in the utility’s organisation or the use of new procedures. Selected examples of
organisation procedures that are used worldwide are provided; however, solutions need to be tailored
to suit the local situation and culture.
Failure of the utility to fulfil its service mandate and lack of legislative powers to deter payment
defaulters contribute to high levels of outstanding debts. This is particular relevant in low income
(developing) countries but can also occur in high income countries, although at a different scale.
Addressing these issues is a prerequisite for any water utilities.
Quality of service delivery
Generally, low rates of revenue collection are not only due to the social and economical background of
the area but also, to the lack in the quality of ervice provided by the utility and the inability to enforce
payment of bad debts.
The following sequence of events is common in some developing countries:
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§
§
§
§
§
§
§

The customer does not pay his/her bill,
After some time and issue of warnings his water supply is cut off by the utility.
The customer reconnects his water supply illegally.
In many cases the illegal reconnection will not be detected and reported and it generates
apparent loss as unauthorised consumption.
If the fraud is detected, the authority negotiates the payment of the fine and former
consumption by instalments
After some time the consumer does not pay the agreed instalment anymore and he will be
disconnected again.
The process repeats then itself creating a ‘vicious’circle.

Such a process is sometimes facilitated by internal corruption, absence of clear regulations, absence of
enforceable and applicable legislation, etc.
If the consumers continue receiving water free of charge this is a clear encouragement for the
neighbours to adopt the same procedures.
The consequences are therefore:
§
§
§

Increasing outstanding debts
Increasing level of apparent losses
Lack of funds for the Utility
About unavoidable level of unpaid bills

In many developing areas, high levels of unauthorised consumption and outstanding debts are
considered as unavoidable due to the social and economical background. In such a context, one could
relate Unavoidable Level of Apparent Losses and Unavoidable Level of Outstanding Debts to the
socio-economical background of the country. In fact this so called unavoidable level is generally due
to the level of lack of enforcement and effective management of the water utility.
Such a statement does not solve all the problems because the running of the utility is also influenced
by the social and economical background of the area/country. There have been some successes by
utilities that faced the same initial conditions but were solved by implementing more rigour (strictness)
in their management and control of the level of apparent loss. This resulted in a reduction in the
number of unpaid bills. The solutions put in place by these successful Utilities are described below.
In the endless circle described above, two cases may be considered: either the consumer really cannot
pay their bills (“can’t payers”) or they do not want to pay (“won’t payers”) because they are aware that
the utility will not take any action..
Reluctance to pay
For the consumers who do not want to pay their bills and consume water illegally, the following could
be considered when developing a solution:
§
§
§
§
§

Ensure that the legal environment is clarified.
Ensure good communication with consumers is undertaken.
Establish an effective organization to combat commercial losses.
Implement personnel training and incentive policy.
Have a understandable and comprehensive metering policy

These conditions are similar to those already mentioned in Section 9.3 about addressing unauthorised
consumption.
Inability to pay
For consumers who really cannot pay their bills other solution needs to be implemented. Some of them
are mentioned hereafter.
§
§

Implement a social tariff applicable for a social range of consumption (including a life-line
free minimum amount)
Use of public stand pipes
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§
§
§

Enable social empowerment (in low income areas)
Encourage payment by social organisations situated at municipality or state level (used in
many European countries)
Use of equipment to limit pressure and water flow
Some actions and procedures to improve collection and reduce outstanding debts

These actions should be based on a better communication to inform and assist the customers and a less
permissive policy in terms of payment. .
§
§
§
§

Improved collection procedures: better reception at the payment agencies, automatic payment,
creation of new agencies, payment at the bank, the post, some shops, etc.
Motivation to pay: discounts for early payment, penalties for late payment, lotteries, etc…
Implement a large disconnection campaign for recurring debtors and special monitoring
programs.
Ensure appropriate communication using various types of media, direct communication with
the users, etc.

The following related aspects are discussed further in the text:
§
§
§

Identifying the most appropriate payment and revenue collection procedures
Reducing outstanding debts
Special cases

11.4. Set of corrective actions: 2. Optimizing Payment Procedures
11.4.1. Definition of payment and collection
A simplified commercial cycle is represented below in Figure 31. The Payment and Collection stages
treated by this report refers to the point in time after which the client has received the bill for the
services received and the payment is made within the deadline specified on the bill. The stages linked
to late payments or debt recoveries refer to late payment.

Figure 31 : Payment and collection: simplified commercial cycle

11.4.2. Payment method
This relates to the means used by the customer to pay the bill, these include the following : Cash, Bank
Cheque, Postal Order, Credit Card, Payment Card, Direct Debit, Standing Order, Prepaid Account,
Prepaid Meter.
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The choice of the most adequate payment method should be based on a multi-criteria analysis:
§

Category of customers: for each category of customers - domestic, commercial, industrial,
administrations, state institutions – the Utility and the Banks needs to find the methods and
means of payment which is considered the most adapted to his situation and needs.

§

Cultural characteristics: in each country, there is a balance between the different systems of
payments that guide their evolution and the possibilities of substitution of one method by
another.

§

Socio-economic characteristics: In developing countries and in areas where the customers do
not have access to banking facilities, or are unable save money, the payment of services and
products is undertaken with cash.

§

Security of the payment and risk analysis including: technical environment, human errors
and frauds

§

Cost of the payment: It is recommended to analyse what are the direct and indirect costs for
both the customer and the Utility

§

Technological evolutions: The evolution of the payment methods used by the different
utilities is dependant on the evolution of the banking system itself: Internet based payment
(account based e-payment and other s-mail/online payments) and Mobile phone based
payment (telephone banking service, access channel, reverse charging/ex-post billing,
premium rate services and pre-paid airtime)

§

Prepaid Meter
The principle is that the service is paid before being consumed. In the past this has been
carried out by placing coins in the meter. This system of course required someone to pass and
empty the meter to collect the revenue. There are security risks.
The modern versions work via a kind of electronic key that is charged at collection points
(Utility’s office, shops, post-offices etc). The customer decides how much the amount that he
is able to pay and the volume of water that he will require. This system may be used for public
fountains (stand-pipes, hydrants) or individual supplies.
Security: The risks for the Utility are limited as this type of service is usually paid for in cash
by the customer. Possibility of deliberate or accidental destruction needs to be considered in
some specific context.
Cost: The maintenance of such systems would appear costly, and may breakdown from wear
and tear.

11.5. Set of corrective actions: 3. Optimizing Collection Method
11.5.1. Collection methods
The money may be either collected by the utility itself using different vendors or by a third party to
whom the utility has delegated this activity.
The collection vendors used by a utility could include the following:
§
§
§

Agency (main office, branch or mobile office, meter reader and payment collector)
Passive (bank service)
Remote (phone, internet, mail, payment terminals)
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The third parties often used by the Utilities as collection points may be separated into two groups and
include:
§
§

Traditional or Specialized Financial institutions (banks, post offices, specialized service
companies)
Commercial Institution (supermarkets, pharmacies, petrol station, lotteries, etc.)

11.5.2. In-House Collection
Main Office / Branch / Mobile Office
To pay a bill the customer is obliged to travel to the offices, local branch or mobile office. In order to
increase the availability for this point of contact the access must be as large as possible in terms of
localization, possible means of transport to these offices, opening hours and days, speed and ease of
service.
The solution presents a number of inconveniencies that are multiplied when dealing with large cities
where the constraints of transport become increasingly difficult. The number of staff and therefore the
cost incurred by this solution have notably pushed various utilities to consider the remote or automatic
methods of payment collection.
It should also be noted that security is an issue due to the presence and transfer of large amounts of
cash.

Meter Reader / Payment Collector
This service is proposed in a number of water utilities in developing countries where the socioeconomic level or banking facilities are not as advanced as they could be.
Some water utilities propose to domestic and commercial customers that utility staff (or third party),
who may also read the meter, collect the amount due. The customer is therefore not obliged to travel to
the utility’s offices. This solution, though costly for the utility, remains popular among the customers
for its convenience.

Remote Collection
The customer pays his bill without travelling to the offices or having contact with the utility staff:
telephone, internet or e-payment, payment terminals, post and others.

11.5.3. Outsourcing - Service Partners
The Banks, Post Offices and other service providers are increasingly offering their services for
payment collection using their network of high street branches and automatic cash terminals.
A water utility can decide whether they will use these services depending on following factors:
§
§
§
§

Commercial advantage that this solution provides the utility. In other words, will this solution
work towards collecting payment quicker at a competitive cost and reducing the number of
customers that are treated in the debt recovery procedures
Cost of the solution compared with the other solutions.
Image, will the level of service provided or the technological level of the solution reflect
positively on the utility.
Overall advantages of the solution, the reduction of financial or security risks, the facility of
the solution (data transfer) or the coherence with the overall strategy of the utility.

Cost: The cost will depend on the services offered both to the customer, either in terms of payment or
operations on the customer’s account with the utility and with respect to the services offered to the
utility (transfer of funds, online direct payment information etc.). The remuneration of the service
provider may be determined using a fixed rate, payment per bill or a combination of both.
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11.5.4. The advantages and disadvantages of each of these payment and collection
facilities.
The advantages and disadvantages of the various payment and collection methods for both the
Customers and the Utility needs to be reviewed and tailored to the local background before
promoting a new revenue collection policy.
Impact that the Choice of Payment and Collection Method has on the Utility Operation
For a number of departments in the water utility the effect of the operation or the change of the
payment and collection policy may have important effects on the way they are organized or operate.
For example, it has been noted that a campaign operated by a utility to increase direct debit payments
for domestic customers, will increase the incoming calls on the call centre. Should global or
widespread problems arise with the billing process, the payment process will be impacted, and the
customer services department will suffer a temporary work overload
Customer Management Service
The organization of the customer management services department will of course depend on the
payment and collection methods used. Certain methods that are labour intensive such as collection in
the customers' homes, in agencies etc. will require a large number of staff to be trained and present.
The competence and the attitude of the staff will have an impact on the customers’perception of the
utility. The staff will equally be dispersed among the different agencies or branch offices. It should be
noted that in these cases security may be an issue due to the presence / use of cash.
In water utilities where cash payments are no longer accepted, or present an insignificant percentage of
the payments received “remote”methods of payment are used. The customer management service is
then centralised in one location. In this configuration, all customer contacts (payments, enquiries etc.)
are dealt with via a call centre, by post and through third parties such as banks or the post office.
Communication
The communication policy developed by the utility, the nature of the messages and the way the
messages are passed, will depend on many criteria relating to the different commercial challenges or
operational organization and general environment.
The payment and collection methods prove to be important criteria as the moment of payment is very
often the only contact that the customer will have with the utility.
Should the customers of a utility pay their bills in the utility’s offices or branch agencies then a
communication campaign will have a greater effect if it is orientated around the branches. Where
“meter reader / payment collectors”are used, they represent a possible and often an efficient vendor
for passing information and convincing the customer of the message being passed. Training of the
personnel is obviously a key point here.
Conversely, in operations where all the payment methods are remote e.g. direct debit, post or call
centre; the utility will be obliged to produce high quality concise paper-based communication, or use
radio or television and to make the most of any and all contacts with the customer. These contacts may
be at the initiative of the customer (change of address, billing details or method), or the utility through
information campaigns via the call centre personnel to pass on a message or “push” a method of
payment that may be more economic.
Financial / Accounting department
The choice of billing dates, payment dates, methods of payment and collection are all important
criteria when considering the financial position of the utility. The choices of payment dates may well
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correspond to an optimization of the Utility’s cash flow situation, investment needs or other financial
obligations.
The payment methods offered or used by the customer, produce a cost that is often difficult to reduce.

11.6. Set of corrective actions: 4. Reducing Outstanding Debts and
Bad Debts
11.6.1. Water disconnection
Disconnection of the water supply to a customer is an effective ways to get payment from customers
who are reluctant to pay, for whatever the reason. The case of the countries were water disconnection
is prohibited is considered in Section 11.7
Water disconnection is not the best solution and should be considered as a last possible action for the
following reasons:
§
§

It alienates the customer
It provides a motivation for the customer to be use water illegally (illegal reconnection, bypass etc.)

When the disconnection cannot be avoided the following actions are essential:
§
§

A warning notice should have been issued
Installation of a device that will make the illegal reconnection as difficult as possible and easy
to detect.

Follow-up actions:
§

Specific follow-up contact with the disconnected customers should be made by the water
utility.

11.6.1. Recuperation of arrears and bad debts
Developed countries
In developed water utilities a juridical department is usually in charge of the continuous follow-up of
bad debts. There are generally clear procedures on pre-legal and legal actions.
Developing countries
It happens that special operations are planned to reduce arrears and bad debts. It may be implemented
by the water utility or within the frame of a technical assistance.
Such operations consist of following components: communication campaign, implementation of
motivating actions, debt negotiation and write off operations, extensive disconnection campaigns,
possible amnesty and juridical actions.
These operations have generally satisfactory results but the results are not sustainable sometimes
without the reorganisation of the water utility.

11.7. Countries where water disconnection for non payment is not
allowed
In some countries especially in Europe, water disconnections are not allowed, generally for social
reasons.
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In most countries the rate of disconnection is lower than 0.5% of the number of bills issued. In most
cases water utilities and public authorities are generally seek a social solution with regard to low
income customers.
Water utilities can undertake water disconnection under different circumstances as detailed below:
§

Utilities were disconnection has already been prohibited except in some specific cases; these
utilities have had to consider alternative ways to receive payments. The analysis of their
procedures can be very helpful for those who will have to face similar problems.

§

Utilities were disconnections are authorized as the main method encourages payment but
actual disconnections are a very rare procedure. Actions are tailored for each segment
(category) of customers. Generally special procedures exist for those customers who need
special social assistance.

§

Utilities were disconnections are considered as the only way to encourage payments. This is
the case in many developing countries where a large part of the population has low income
and have no social assistance. When no effort is made to find solutions for the low income
areas, the utility enters in the vicious circle of “disconnection/illegal reconnection or frauds”.
There are only two possible issues: accepting a large level of unauthorized consumption and
outstanding debts or looking for specific solutions by category of customers as explained in
the former chapter.

In general, the practice of water disconnections has the following general consequences:
§
§
§

Increase (lasting or temporary) in the number of unpaid bills
Increase in the outstanding debts*
Cash flow problems

In order to minimize these problems there are some prerequisites to be considered:
§
§
§
§
§

Knowledge of the cultural background
Detailed knowledge on the customer population: by category and segment
Full knowledge of law, by-laws and regulation: often disconnection is not absolutely banned
and may be made in some specific cases or for some category of customers
Full knowledge on the payment procedures (case in which payments are covered or partly
covered by land or habitation taxes)
Knowledge of the social provisions: Are there specific mechanisms under which collectively
will pay for low-income families?

A set of specific solutions may be envisaged and experienced, separately or simultaneously.
§
§
§
§
§
§
§
§

Improve the customer segmentation and define a specific policy by segment of customer
Put into place an appropriate organisation structure in order to collect debt, consistent with the
geographical location
Define debt collection process, both pre-legal and legal processes;
Communication programs by segment of customers
Define specific coercion tools or procedures by segment of bad payers
Full range of pre-legal and legal action
Redefine “written off”procedures
Re-define the social function of the Water Utility against poor people

And in more specific cases:
§
§
§
§
§

List of bad payers or specific code based on “payment quality”(in the countries where it is
authorized). Make a difference between those who are not willing to pay to those not able to
pay.
Motivation measures for good payers: discount for fast payment for instance, lotteries, etc.
Free water supply of low income areas as a social contribution from the utility
Poorer quality of service for bad payers: limitation in flow or pressure
Pre-payment procedures
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The interdiction of water disconnection for non-payment must be considered as a chance for the utility
to develop a more customer-oriented policy and to change and improve its commercial policy and
procedures.

11.8. Customer Management System
The Utility Customer Information System (CIS) - also often known as Billing System is the most
important tool for dealing with unpaid bills and also dealing with apparent losses. When it is well
performing, it is a paramount assistance for the Utility, when it is poor it may jeopardize the other
actions to reduce apparent losses and outstanding debts.
The detailed audit of customer files and meter files has already been emphasized in former chapters as
a prerequisite to detect and evaluate various kinds of apparent losses. But this is possible only when a
reliable customer management system is available.
Some CIS cover a very large range of functions; others are used for billing purposes only. Between
these extremes there are many options. The following list shows the various functions that a
comprehensive CIS may cover. The reader will easily understand how these functions may be used in
the frame of an apparent loss and/or unpaid bills reduction program.
A complete CIS should enable a very accurate management in terms of: Commercial Data, Technical
Data, Meter Reading, Billing, Revenue Collection, Outstanding Debts, Action Plan, Statistics and key
business indicators, parameters. Recommendable IT Links are the following: GIS or GIS/GPS or
GIS/AMS, Meter reading (PDA, AMR), Accounting System, Stores Management System and Web /
Internet
Following sections summarises how the CIS may be an essential tool for the Utility in order to detect
apparent losses and reduce outstanding debts.
(i) Management of technical data
§

Management of the delivery point and type of building

Comment: in terms of apparent losses, the analysis of the delivery point’s data base is essential:
missing delivery points are responsible for unregistered consumers and consumption and the analysis
of the registered delivery points is the base for any action program to detect unregistered
consumption.
One of the main objectives of the customer census is to update the customer database but a poor CIS
is sometimes responsible for the lost of delivery point and the poor sustainability of the database.
§

Management of metering points

Comments: automatic location of unmetered delivery points
§

Management of meters

Comment: the meter database is the base for any meter loss analysis.. The relevant action plan will be
ineffective is the meter data base is not updated and the results of the plan will not be sustainable if
there is no effective procedures to keep the database updated. A performing CIS reduce the risks of
errors and deterioration of the water meter database.
(ii) Management of commercial data

Commercial data allow to manage three main components: (i) the customer (i.e. the subscriber
or the user who enjoys the service) (ii) the contract that is signed with the subscriber for providing
the service at a meter point and (iii) the special conditions that specify the tariff applicable, the
standard bill, the billing batch, the type of use and the address.
§

Customer management

IWA –ALTF –April 2010

AL Guidance Notes (Final Draft Document v8)

122/172

Comment: the user of the CIS can search for a customer through different criteria: customer code,
surname and forename, customer category, customer sensitivity, active, good / slow payer, date of last
reminder, guilty of fraud, meter number.
§

Management of contracts

Comment: The user can search for a contract through different criteria: safety deposit, contract
number, subscription date, date of last bill, type of use, flat rate for special case (customer with very
low income), standard bill code, delivery point code, meter point code, tariff code. It may be useful to
detect customers that are not billed anymore and to understand the reason why.
§

Management of addresses and coding

Comment: All these CIS functions allow reducing the deterioration of the customer database and the
relevant creation of apparent losses.
(iii) Meter reading and billing
§

Meter reading

The meter reading subsystem includes all the functions necessary for the monitoring of the meter
reading batch:
•
•
•
•
•
•
•
•

organisation of meter reading routes (standard round by default)
allocation of routes
printing of the meter reading batch
recording of indices (batch or individual mode)
monitoring (which can be parametered) of recorded indices and printing of lists of
anomalies
estimate of consumptions
initialisation of interventions or business in case of technical anomalies
printing of follow-up meter reading statement

§

Meter reading route

§

Historical report of indices

§

Periodical and Non periodical billing

§

Management of billing rules and prices

Comments: the procedures described above reduce the risk of apparent losses due to accounting
errors such as lack of consideration of positive or negative water consumption registered by manual
billings or non periodical billing when a meter is changed for instance.
(iv) Action Planning
§

Management of business

A business is the application of an action plan for a given situation. The system automatically triggers
a business from the action plan chosen by the user.
Comment: the business management module enables an accurate follow-up and monitoring of the
commercial component of an action plan to reduce apparent water losses. Unfortunately, when the
Billing System does not have such a module, it frequently occurs that the results of the actions carried
out in the field are not reflected by the billing module. Relevant improvements are delayed or
sometimes never happen.
§

Management of interventions

The interventions which can be monitored by the system are the following: disconnection of
supply, reconnection, and water meter removal, change of meter, meter installation, and visit.
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Comment: The management business module allows avoiding following apparent loses due to a poor
GIS: e.g. (i) Water consumption at the moment of meter replacement is not charged, (ii) Newly
connected consumers are not billed during several months until they are taken into consideration by
the billing module (iii) New connections are not registered..
(v) Revenue Collection and Outstanding Debts
§

Management of the customer account

§

Cash

§

Management of payment schedules

§

Management of reminders

§

Management of disconnections

§

Accounting extraction

Comments: The procedures mentioned above enable an adequate policy to reduce the delay for
payment and a proper disconnection policy. The monitoring of the disconnected consumers is very
important: illegally reconnected and unbilled consumers is a huge source of apparent loss for many
Utility (especially when laxity prevails to that respect)
(vi) Security
§

Management of access rights

The user can access to the system by entering his or her connection code and password.
Comments: Internal misuse of authority has also been identified as a huge source of apparent losses
by some water utilities. No need to fraud in the field or to install a bypass on your meter: it is simpler
to ask someone to cancel your connection in the customer database: you will receive no bill anymore.
To avoid this kind of fraud, the GIS can identify under which password any each operation on the
database has been carried out.

11.9. GIS/GPS
The GIS/AMS system provides a modern and elaborate data base with spatial information on all assets
including house connections, delivery points and water meters. When the CIS is linked to GIS/AMS it
enables to locate a customer in the field and to get information quickly. This improves operational
speed and makes available additional resources to increase performance and viability. There is still
more accuracy when the delivery points are mapped by GPS coordinates.
Comments: The link between CIS and GPS enables to calculate water consumption in a predefined
area. It is then possible to calculate the water loss by DMA, including both real and apparent losses,
on a certain period of time.
As far as apparent losses are concerned, it is possible to easily locate large water meters, defective
water meters, suspected water meters and customers “at risk” on a map and organise relevant field
inspections.
The GIS approach enables to locate on a map the premises with no registered connection and to
organise relevant field monitoring survey.
Finally the GSM system linked with GIS enables to easily locate customers’water meters in rural
areas where there is no reliable address system.
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PART 3
ECONOMICS ON APPARENT LOSSES

Provisional comment:

This part aims at presenting some basic economic and financial principles that can be used
when preparing an apparent losses reduction programme.
There is a special focus on the cost-benefit analysis that enables definition of the economic
level of loss for any component of apparent losses.
There are also some considerations on two items that need to be considered in any apparent
loss programme, namely:
- optimizing the level of data
- optimizing the water meter replacement period.
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12. ECONOMICS ON APPARENT LOSSES
Summary
This Chapter presents the concept of Economic Level of Apparent Losses and the way to
calculate its value. It also describes two specific cases: the optimum cost of the data
collection system and the calculation of the optimum period for meter replacement.

12.1. Economic Level of Loss (EALL) and Cost-Benefit Analysis
(CBA)
The value of apparent losses can be reduced to an economic threshold beyond which an unavoidable
level of loss is reached that is not economically viable to address as illustrated in Figure 32. This
economic threshold is determined by establishing the optimal level of investment in data required to
achieve commensurate lower level of non-revenue water.

Data
Collection &
Transmittal
Errors

Data
Capture
Errors

Data
Application
Errors

Existing AL
Economic Level of AL
Unavoidable AL

Data
Processing
Errors

Data
Manipulation
& Representation
Errors

Figure 32 : Minimization of Apparent Water Losses (Johnson(1), 2009)

The economic level of apparent loss on a given project is the level for which the financial savings
gained from the project (present value of the inflows) equals the financial expenses (present value of
the outflows) incurred by the project.
In fact this approach is the one that is similar to the approach used for cost-benefit analysis. When the
financial savings are higher than the financial expenses the project is financially feasible and when the
financial savings are lower, it is not. It is then possible to use the classical financial indicators such as
the internal rate of return (IRR) or the period of return to compare various projects or various solutions
together.
This definition of the EALL implies various consequences:
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§
§
§
§

The EALL may be calculated in volume or in volume per connection: this is the volume of
apparent loss that corresponds to the financial equilibrium described above.
The value of the EALL will differ for each type of apparent loss. In the frame of a global
project each component of the apparent loss need to be considered separately.
For a given type of apparent loss the EALL value will depend on the methods and techniques
used to reduce the loss.
The EALL value may change over time and depending on the evolution of the techniques

Other important statements and findings
§
§
§
§

The different kind of apparent losses are generally not linked and it is possible to have specific
actions according to the loss category
In most cases the return on investment in apparent losses reduction project is very short and
the calculation is simple: an example on meter replacement is given below in the text.
Some investments are very expensive but they have a multi-purpose impact that needs to be
considered globally for example installation of an AMR system.
The EALL is a financial concept but in some cases social impact needs to be considered in the
frame of a more sophisticated Social Return on Investment (SROI)

Is it possible to calculate absolute EALL that would be valid as a worldwide reference?
§
§
§
§

The members of the AL initiative have considered this point but the answer is that it is not
possible to calculate such reference values
Clearly, the EALL value depends on the method that is used for regularising the related kind
of apparent loss. The IRR may be effective with method A and ineffective with method B.
The cultural background has a big impact: the cost of reducing water theft is some developing
areas as it is much higher than the cost in developed countries where the problem has already
been addressed as the standard of living is much higher
The technical background has a big impact too as detecting metering losses and unauthorised
use is much easier when an AMR system has already been installed.

12.2. Calculating EALL by kind of apparent loss
The feasibility of calculating EALL for each type of loss is provisionally undertaken in Table 16.
There are different types of apparent losses: Apparent Loss a, Apparent Loss b, … AL Loss x.
Obviously, the necessary condition for EALLloss x being calculated is that CAAL loss x itself can be
quantified.
The following table indicates for each type of apparent loss:
§
§
§

the method to calculate the CAAL
the applicability of the UAAL concept
the feasibility of calculating the EALL

Collection of information for a given utility and a given project are usually made through a well
designed multi-purpose field survey.
The EALL calculation is done through the analysis of the preliminary field - or laboratory – sample
surveys that are recommended to evaluate the CAALs. Each time one given method is tested to
regularise the situation it is possible to compare “cost and benefit in present value” or the “rate of
return of the investment (IRR)”.
The accuracy and reliability of the calculated EALL depends on the size of the sample and its
possibility to be extrapolated with a sufficient level of confidence.
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APPARENT LOSSES
1

2

3
Aging

Meter errors
(small
consumers)
Metering
inaccuracy

Unappropriate meter
installation
Impact of customer's inhouse
installation
Aging

Meter errors
(large meters)

Oversizing
Unappropriate meter
installation
Impact of customer's inhouse
installation
Meter out of operation

Meter
management

Meter
management

Errors in meter reading
Invented meter reading
Meter by-pass

Registered
customers
Unauthorised
consumption
Unregistered
customers

Billing system
errors

Additional Unregistered
connections
Disconnected customers
illegaly reconnected
Non active customers illegaly
reconnected
Unregistered (illegal)
connection
Unregistered consumption in
low income areas
Water theft on hydrants or
other equipt

Network
equipment
Billing system
Billng system errors
errors

CAAL Method for
evaluation

UAAL
applicability

EAAL
applicability

4
Sampling /Cust. Profile /
Meter Errors graph.
Sampling and field meter
tests
Sampling / Census / Lab.
Tests
Sampling /Cust. Profile /
Meter Errors graph.
Sampling /Cust. Profile /
Meter Errors graph.
Sampling and field meter
tests
Sampling / Census / Lab.
And Field Tests

5
Yes (but
difficult)

6

Sampling and Meter tests

No

n.a.

No

n.a.

No

n.a.

Computer analysis / Field
check
Computer analysis / Field
check
Sampling and Field surveys
Sampling and Field surveys
Sampling and Targeted
Field surveys
Sampling and Targeted
Field surveys
Sampling and Field surveys
Sampling and Field surveys
Sampling and Field surveys
Billing system and
procedures audit

Yes

No

Yes

Yes (but
difficult)

Yes

No

Yes

Yes (but
difficult)
Yes (but
difficult)
Yes (but
difficult)

Yes (but
difficult)
Yes (but
difficult)
Yes (but
difficult)
Yes (but
difficult)
Yes (but
difficult)
Yes (but
difficult)
Yes (but
difficult)
No

Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
n.a.

Table 12: Apparent Losses - Calculation - UALL & EALL Applicability

13.3. Optimizing the level of data; economic threshold
When there is a paucity of data to establish the various indicators required to formulate related water
loss control strategies, there is a general tendency to rely on default values and assumptions. This
reliance on assumed values instils less confidence in the results produced, which tend to be a highlevel strategic nature.
The management of apparent and real losses is not a precise science and deriving very specific values
from high-level strategic data should be qualified with a statement as to its reliability and a caution as
to its applicability. The use of assumed data and default values has the potential to introduce errors of
commission (doing the wrong things), omission (failure to do the right things) and disordering (doing
things out of sequence).
The management of apparent and real water losses requires a significant investment in data
management and if this is not undertaken at the outset of a project there is greater risk that the
strategies and measures selected may not achieve the optimal results.
The level of investment in data, or level of data, is categorised according to its availability, quality and
quantity. A particular type of data can be evaluated in terms of whether it is available or not, as well as
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when it is available (i.e. timeliness), does it relay meaning, is it accurate, is it relevant, is it complete,
and how detailed is it?
The level of data available to a water organisation is directly related to the amount invested in the
capture, collection, transmittal, processing, manipulation, representation and application of the data.
The cost of these data comprises both fixed costs, which do not change as the amount of data changes,
and variable costs, which are related to the quantity of data. Transmission costs are established from
the application of a tariff to the time taken to transmit the data is an example of variable costs relating
to the quantity of data.
Cost of data = K1 * Level of Data (Lod) where K1 is a constant
The efficiency of a water organisation or its infrastructure components would be expected to be lower
in data deficient situations while in data “rich”situations, this efficiency would expected to be higher.
The proviso for this assumption is that the data is error free, ideally fit for purpose and usefully
applied to make optimal decisions.
The relationship between the level of data and cost of inefficiencies follows the law of diminishing
returns, i.e. efficiency improves at a lower rate as the data improves i.e.
Cost of inefficiencies = K2 / Level of Data (Lod) where K2 is a constant
The sum of these costs represents the total cost of data to the water authority, i.e.
Total Cost = Cost of Data + Cost of Inefficiencies
Cd = K1 Lod + K2 / Lod
The relationship can be depicted by the generalized graph in Figure 33, which shows that the optimal
level of data corresponds to the minimum total cost.
The minimum value of Cd can be established through differentiation and equating the result to zero,
which indicates the slope of the Total Cost Curve is horizontal, i.e.
Cd: / Lod = K1 –K2 Lod-2 = 0
Therefore, the optimal Lod = (K2 / K1)0.5
To be practically applicable this generalised theoretical relationship requires modification through the
inclusion of other factors that influence the costs of inefficiency and data. These other factors are
identified for the organisation as a whole or a specific infrastructure component.
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Figure 33 : Optimizing level of data; economic threshold (Johnson,EH, 2009)

Case study:
A key assumption made in the theory used to determine the economic threshold for a
particular water authority is that there is a negative relationship between the amount of
non-revenue water (NRW) and the level of data (Lod), i.e. the higher the level of NRW
the lower the Lod. This general relationship was tested with data from a sample of
fifteen small towns in Australia collected for the period 1 July 2003 to 30 June 2004
(Johnson, 2009).
The important finding from considering the results of this sample was that there is a
negative relationship between the NRW and the Lod. Even though this negative trend
is slight, it identified the “weakness”of this relationship was due rather to a low level
of data and the lack of associated overt measures in addressing the high levels of
NRW.

13.4. Optimizing Water Meter Replacement
The measurement errors of water meters tend to increase with the age or volume of water passing
through the meter. This rate of decay is established from the weighted error of the meter, which is in
turn a function of the particular meter’s error curve and the pattern of water usage the meter is
measuring. As different types of meter have different error curves and different usage profiles, ideally
when calculating apparent losses for a water authority’s fleet of meters, the weighted error for each
type of meter should be determined through a sampling process. However, the rate of decay can also
be estimated using data from an asset management or billing system.
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Once the weighted accuracy for the various meter types and uses are established, the apparent losses
for a fleet of billing meters can be estimated. The volume of apparent losses for a fleet of meters that
are not part of a periodic replacement program is a function of an increase in the weighted error of the
meters over time .However, if the meters are replaced according to a specific period in operation, a
theoretical minimum (economic) level of apparent losses will be attained. (Johnson(2), 2009)
The next three figures give a practical example of this kind of analysis. It refers to a 15 mm diameter
meter which is used for most of the residential customers.
§
§
§

establishment of the ageing graph (Fig.34)
impact of the replacement policy on the level or error (Fig.35)
optimised period of replacement (Fig.36)

15mm Meters
35
30
25
y = 0,3755x + 22,927

20
15
10
5

m3/Period/meter

21

20

19
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17

16
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14
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12
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9

8

7

6

5

4

3

2

1

0

Linear (m3/Period/meter)

Figure 34 : Meter ageing graph - Case study (Vermersch, 2004)

This graph has been obtained from the customer and meter data files of a water utility. The oldest
meters have been installed 21 years ago and they register much less than the newly installed meters:
20m3 by billing period instead of 30m3. These findings extracted from the commercial files have been
confirmed by laboratory tests.
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Meter replacement every 4 years
34,0

m3/month

32,0
30,0
28,0
26,0
24,0
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No replacement
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15 16 17

18 19

20

Replacement every 4 years

Figure 35 : Meter replacement policy - example

The example presented in Figure 35 shows that the error could be maintained less than 2 m3/billing
period/meter if the meter is replaced every 4 years.

Figure 36 : Optimum meter replacement period - case study (Vermersch 2004)

Based on a cost benefit analysis Figure 36 shows that the optimal meter replacement period is around
6 or 7 years.
Y-axis refers to the difference between the increase in water sales generated by the meter replacement
and the operational and capital costs such as meter purchase, meter replacement and meter
maintenance. It is expressed in monetary terms.
X-axis refers to the frequency of meter replacement.
Such an analysis shows that the optimum water meter replacement period depends on:
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§
§
§
§

the ageing curve of the meter, which depend on the meter itself, the water quality and the
operational (service) condition (flow, pressure, discontinuous supply, etc.)
the water tariff
the cost of the meter
the cost of the replacement (manpower for instance)

Therefore the best replacement period may change in following cases
§
§

significant tariff increase
new meter technology that appears on the market

The period of replacement may also vary in the various areas of a city if the quality of water and the
service conditions are different.
Finally; the calculation needs to be undertaken for varying conditions. For instance, the tariff rates are
generally higher for industrial and commercial consumers; logically the frequency of their meter
replacement should be higher.
In many countries, bylaws define the meter replacement period which is then the same for any kind of
meters and whatever their working conditions and the water tariff are. Such regulations are supposed
to be based on lab surveys and statistical analysis but it is not always the case.
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PART 4
ACTION PLANNING AND OPERATIONAL APPROACH
Provisional comment:
Tools and best practises to manage and control apparent losses have been proposed in Parts 2 and 3.
But most utilities have to simultaneously address multiple components of real loss and apparent
losses. Action planning and monitoring is one of their main concerns.
These guidelines would not be complete without some recommendations on complex NRW reduction
projects: How to design and implement a successful program? How to make the results sustainable?
How to monitor the program?
Part 4 reproduces some presentations prepared by AL Initiative members and already published in
Water 21 or in the most recent Water Loss Conference proceedings.
§
§
§

Action planning to reduce NRW
Sustainability and Change Management
Planning Control and Project Modelling
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13. ACTION PLAN TO REDUCE AL
Any organisation addressing water losses requires establishing of a reliable water balance as a
prerequisite. But implementing a successful action plan to obtain sustainable results is of critical
importance. This chapter reproduces an article published by Michel Vermersch and Alex Rizzo in
Water 21 of April 2008.

13.1. Review, assessment and water balance
All action planning methods propose, before anything else, the establishment of a water balance
separating the various kinds of loss, real or apparent. They can be presented either as a table (IWA
format) or as a circular diagram as shown in Table 17 and Figure 37 respectively. The circular
representation enables one to visualize rapidly the proportion of the various loss and consumption
components.
Billed authorized
consumption
Autorized
consumption

System Input
Volume

Unbilled
authorized
consumption

Billed metered consumption (including water exported)
Billed unmetered consumption
Unbilled metered consumption
Unbilled unmetered consumption
Metering inaccuracies

Apparent losses
Unauthorized consumption
Water losses

Transmission and distribution mains
Real losses

Revenue Water
(or billed
volumes)

Non Revenue
Water or
(unbilled
volumes)

Overflow or leakage of storage tanks
Service connections to meter

Table 13: IWA Water Balance

Customer
losses

Metering
losses

Physical
losses
Water sales

Free
authorised
usage

Figure 37: Simplified Circular Water Balance Diagram
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Unavoidable
underregistration
Billing errors

Water meters out of
operation
Obsolete water meters

Prohibited use of
network equipment
Other frauds

Poorly calibrated water
meters

Illegal connections
Water tank overflow
Billing of metered
consumption

Detectable leaks

Reported leaks
Background and
unavoidable leakage
Discounts
Authorised
consumption free of
charge

Billing of unmetered
consumption

Water for service

Figure 38: Detailed Circular Water Balance Diagram

The establishment of a water balance is generally based on a general appreciation of the apparent
losses and a direct evaluation of real losses through the measurement of the minimum night flows
(top-down approach and bottom-up approach). It generally gives good results when data are available
and when it is possible to measure the minimum night flows. Unfortunately this method is not always
applicable and this application may be not be cost effecttive.
When possible, it is recommended evaluating both real and apparent losses with the same rigour. To
do this, it is necessary to use statistical methods as well as field and laboratory operations as precise
and rigorous as those used for the evaluation of the physical losses. Examples of the type of
evaluations include establishing consumption profile of users, studying the ageing of meters,
determination of the weighted mean error per type of meter, determination of general underregistration of all the meters, definition of segments of consumers at risk, undertaking targeted field
surveys etc.
However, the NRW audit and the establishment of the water balance is a prerequisite for action
planning.
The detailed NRW audit and the establishment of the water balance generally consist of two levels:
1. The preliminary diagnosis that is conducted by the analysis of data
available in the water utility
2. The final diagnosis that requires complementary study (field or
laboratory) in order to refine the preliminary diagnosis.
With regards to the final diagnosis it must be based on sample or pilot
surveys with the following objectives:
- testing a method to reduce the considered type of loss
- testing human and material resources
- calculating indicators
- measuring impact, time factor and visibility threshold
- assessing rate of returns of anomalies
- making cost benefit analysis

Preliminary Analysis
based on existing data
Preliminary outline of
the Diagram of Water Losses

Additional Analysis
based on Pilot and Sample surveys
Final Diagnosis
Final Outline of the Diagram of Water Losses
Elaboration of the Action Plan

Implementation of the Action Plan

Figure 39: From the Preliminary Action Analysis to the Action Plan
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An action plan for the reduction of losses must never be constructed without having undertaken as
detailed a diagnosis as possible beforehand. Each component of the loss needs to be evaluated. One
could indeed quote many examples of action plans that have failed for the lack of global vision of the
loss processes. As previously indicated, some actions, however logical, simply do not give the
expected results because the gains that they produce are hidden by increased losses in other domains.
Whatever the case, the overall review, quantified through the Water Balance is never a waste of time.
This statement is important because too many utilities implement action plans without considering
this global vision that achieves sub-optimal results.

13.2. Designing the action plan
The objective of the action plan is to counterbalance the entropic tendency of the losses to increase.
The audit and action plan will necessarily include seven constituents: to neglect one of them, either for
the audit or for the action plan, would have harmful results on the implementation of the plan. We will
be even more categorical: it would be a nearly automatic cause of failure.
The structure of the circular water balance defines the structuring of the audit and that of the action
plan:
Ø
Ø
Ø
Ø
Ø
Ø
Ø

Part 1 : Bulk Metering
Part 2: Customer Management and Water Sales.
Part 3: Service Water and other Free Distributions.
Part 4: Real Losses.
Part 5: Commercial (Apparent) Losses.
Part 6: Metering (Apparent) Losses.
Part 7 : Project Management and Change Management
Table 14: The Seven Components of an Action Plan for Water Loss Reduction

The first six components of the Audit and action plan correspond very precisely to the Circular
Balance itself and its five constituent sectors.
The objective of the first three parts is to know, as precisely as possible, the global value of the loss.
They also aim at improving the normal operational procedures of the utility. Whatever program is used
for the reduction of the losses it will only produce permanent results if it is accompanied by a real
effort to improve the operating conditions of the utility (organization, procedures, human resources,
etc.), such as:
1. A program for the control and optimisation of the macro metering of the volumes distributed.
2. A program for the optimisation of the customer meter reading and billing activity.
3. A program for the control and the reduction of the authorised unbilled consumptions.
The objective of the following three parts is to reduce each major component of the loss:
4. Program for the detection and the reduction of the physical losses: detection and repair of the
visible and invisible leaks, renewal of the network, control of reservoir overflows.
5. Programs for the reduction of under metering (meter management)
6. Programs for the detection and reduction of the commercial losses (customer services
management)
Each program consists in a set of specific actions related to the various sectors of Figure 38. Most
practitioners are familiar with these actions and hence are not described in this paper which mainly
aims at describing the best way to carry them out in the frame of a holistic and successful approach. It
is fundamental in the elaboration of these various programs to take into account the dynamic approach
to the losses.
7. Project management and Change management
The seventh component is by far the most important component. Firstly at the level of the audit: in
analysing the functioning and the organisation of the utility in all its aspects, one will understand the

IWA –ALTF –April 2010

AL Guidance Notes (Final Draft Document v8)

137/172

causes for the present level of losses and its evolution in the course of the past years. Secondly at the
stage of the implementation it will be responsible for the success of the plan and the sustainability of
its results. The sections ahead are dedicated to these topics.

13.3. Implementation of the action plan
Focusing on the way to avoid the causes for failure and use the keys for success. The analysis of the
causes for success and failure shows that the seven components of the plan have different natures:
- Components 1 to 3 refer to the improvement of the current operation of the utility
- Components 4 to 6 refer to the action plan itself
- Component 7 refer to the project management and change management dimensions of the project.
The analysis of the causes for failure shows that Part 7 (Organisation) is the more important for both
implementation and success of the programme. Part 7 is responsible for:
- the implementation of the programme
- the sustainability of the results
- the change management put into place
Most practitioners are knowledgeable about the first six operational components of the action plan and
well covered at technical conferences. Therefore the emphasis here is placed on the non-operational
matters necessary to make action planning successful, that is, project management and change
management.

13.4. Project Management
Many utility managers believe that NRW will reduce if each department does its work properly. A
current misunderstanding is to say that each department is responsible for a part of the plan, i.e. the
distribution network department is in charge of the leak detection programme and the customer
department is in charge of replacing meters and detecting illegal consumption. But, due to the
migratory nature of the losses it will not work if there is no integrated coordination.
To avoid this situation it is necessary to have a real project management structure. What is real project
management? It is the same as for any project, but there is also some specificity in the case of action
planning to control for non-revenue water.
A genuine Project Management
- Objective: Too often the objective is only qualitative: reducing the loss. This is not enough: the
objective must be quantified: for instance reducing the total loss from 30% to 25% of the water input.
If the utility believes it is impossible to fix so precise targets it simply shows that the audit has not
been properly carried out. The plan will less likely to succeed.
- Project manager: There is a need for a single project manager as the champion of the project. In
failed action plans there were many people in charge and each one was convinced that the others were
responsible for the global failure.
- Detailed time schedule: A detailed time schedule must be prepared for each action of each
component of the action plan. The concept of critical path is particularly important in that sort of
project.
- Human resources and material resources: Human and material resources must be planned at the
design stage of the project. Very often the financial resources are not available (because they have not
been properly forecasted and budgeted) and the utility concentrates the resources on one or two subprojects that are considered as priority. Generally this an incorrect approach hand it reinforces the
conclusion that there is no understanding of what a comprehensive NRW action plan is.
- Monitoring progress: As for any project it is necessary to produce periodical reports showing the
progress of the various components of the project. If it has been decided to replace 25 km of pipes and
10,000 water meters and to undertake a customers’survey covering 50% of the city for instance, the
progress will be evaluated through progress indicators monthly or quarterly calculated as a percentage
of each target.
- Monitoring results: This is already something more specific for NRW action planning. It often
happens that the utility does not meet the forecasted NRW target on completed the scheduled works.
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In the worst case there is no improvement at all in the NRW value. This is probably due to a poor
analysis of the dynamics of losses. For example if the utility only focused on addressing real losses
there could be a situation where most of these real losses have been converted into apparent losses,
with no overall saving in NRW for the utility. To avoid such a situation it is absolutely necessary to
have a proper follow-up of the performance indicators and to analyse what the correlation between
performance indicators and progress indicators is.
The Specifics of NRW project management
Management of NRW project require addressing specific issues that are only relevant to these types
of projects.
A NRW project cannot be fully outsourced. Figure 40 shows a typical organisation chart and what the
involvement of each unit within the utility is. All departments are involved, and must be involved, in
the implementation of the action plan.

Example of a large organisation

RR.HH

NRW Unit

General
Management

Finance

Commercial
SI

Investment
Projects

MIS

Technical

Production

Regional
Agencies

KEY
ISSUE!
Qualification
Training
Motivation

Operation

Capex
Loans
Results
Reimburse
ments

Income
Non-Physical
Losses

Opex
Physical
Losses

Opex
Investment
Deferment

All actions!
Leakage
Illegals
Metering

Need for transversal actions & coordination !
Figure 40: NRW in a Large Water Utility:

This chart also shows that:
- Human resources, including qualification, training and motivation are a key issue
- There is a need for reciprocal actions and coordination.
- The NRW Unit needs to work at the level of the General Management of the utility and function as a
NRW Steering Committee.
- In addition there is a need for an appropriate Management Information System (MIS) that will give
all useful data including progress and performance indicators. It is difficult to manage an action plan
in a large water utility without such a MIS.
There are other specifics of this kind of project are as follows:
- The project is implemented through a multiple structure (the water utility) in which each department
also has its own objectives that may create some internal conflicts.
- The utility is at the same time the main implementer of the action plan and its target in terms of
change management. These results will not be sustainable if the utility does not change its own
culture.
These specifics provide strong motivation for the creation of a NRW Steering Committee.
The NRW Steering Committee
The NRW Steering Committee generally consists of the NRW Coordinator (or NRW Project
Manager), the Heads of the main departments, invited corporate staff depending on the main items of
the agenda and external auditor (sometimes). The use of an external auditor is recommended, firstly
because this unit is independent and it is easier for the unit to propose solutions to internal conflicts,
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secondly because the unit is experienced in NRW action plan, which is sometimes not the case for the
other members of the Committee.
In monthly or quarterly meetings the main tasks of the NRW Steering Committee are the following:
(i) analysing the coordinator’s reports, (ii) verifying that the last committee’s decision have been fully
implemented, (iii) taking current decisions, (iv) re-orienting some actions when necessary, (v)
addressing the internal conflicts and (vi) being in charge of managing the Change scenario.
NRW Simulation Software
Being able to reorienting an action plan when necessary is one of the main key for success. It is very
useful, not to say indispensable, that the manager of the plan has at his disposal computer tools
allowing him to evaluate at any moment the components of the loss (simulation of the water balance)
and to compare the actual results to the expected results of the various actions (simulation of the Plan
itself).
A NRW simulation model aggregates the forecast results of each action and compares the forecast
NRW indicators to the real NRW indicator measured in the field. To calculate the impact of each
action on NRW indicator it is necessary to take into account the direct positive impact of this action,
the natural deterioration in the same field, and some parameters related to the dynamics of loss such as
the rate of return of the anomalies.
As in any simulation software, the NRW simulation software requires calibration. The calibration is
often based on the result of the initial audit but it can be improved during the first stage of the action
plan.
In many cases special reports are established to follow up the action plan and it appears that the data
are not consistent with the overall corporate information system. It is of paramount importance in the
monitoring of an action plan to check the consistency between the NRW reporting and the other
software used by the utility, such as Customers’database & Billing system.

13.5. The most frequent causes for failure and the keys to success
There is a well known saying: "you learn more from your setbacks than you do from your successes".
The authors have applied it; the detailed analysis of many action plans for the reduction of losses has
enabled them to detect the most frequent causes for failure. There is no room in Table 19 to comment
on these individually, but it must be remembered that just one of these causes is enough to stop a plan
from succeeding. These causes for failure are the direct consequence of the non-application of the
principles described above.
1. Partial implementation of the plan: working on one component only, for instance.
2. Initial diagnosis too perfunctory: Too many diagnoses are based on preconception
instead of experimentation.
3. Action plan poorly elaborated: migratory attributes of losses have not been taken into
account.
4. Non mobilisation of necessary human and financial resources.
5. Lack of coordination between the components of the plan
6. Under-estimation of the difficulties.
7. Under-estimation of the time factor.
Table 15: The 7 Most Frequent Sources of Failure

On the other hand, the keys to success are as given in Table 20, all of them were implemented in the
successful plans that have been analysed.
1. Real management of the project: project manager, clear quantified objectives, time
schedule, appropriate resources, proper follow-up and monitoring.
2. Management Committee ensuring the coordination within the utility.
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3. Appropriate human and financial resources.
4. Modern high performance techniques and tools.
5. Tools for monitoring progress indicators and performance indicators by sector of
activity.
6. Conscious management of change
7. Real desire of the top management for success of the project.
Table 16: The 7 Keys to Success

.
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14. SUSTAINABILITY AND CHANGE MANAGEMENT
14.1 The Change
As far as losses are concerned the objective is progressing from a status quo level of loss A (i.e. a
"natural" level resulting from the current mode of management) to another, lower level of loss B (i.e.
reached as the result of an Action Plan).
The transition from Level A to Level B will involve many aspects, technical, human, organisational or
even institutional ones. It is the conscious management of this change which will guarantee the
success of the plan, but also and above all the sustainability of the results obtained. There are many
paths from A to B.
Many plans that have failed have been analysed. In all these plans the change component had never
been taken into account seriously. In fact there was a diffuse awareness that many things had to be
changed but it was considered as a somewhat philosophical concern: the management thought that the
use of new tools and the definition of new procedures were sufficient to automatically change attitudes
and corporate culture.
B

This is a very basic mistake: the change must be analysed as a
component of the action plan itself. As for any change approach
there is a need for understanding change, planning change,
implementing change and consolidating change.
“Understanding Change”must be part of the NRW audit itself; each
utility department needs (i) to understand why the change is
necessary, (ii) to analyse what are the causes and the sources of
change and (iii) to categorize the various needed type of change.

A

Change must be planned as the other operational components of the global NRW plan. It is necessary
to focus on specific goals, to identify the demand for change, and to select the essential change
necessary to meet the final NRW target. It is necessary to evaluate the complexity of change and in
particular to anticipate side-effects and resistance to change.
The main components of change are an appropriate communication, an appropriate training policy, the
assignment of responsibilities and the development of commitment at all levels. All these actions will
obviously change the corporate culture, albeit gradually. Only though a management philosophy that
is implemented by the water utility’s top management team can this corporate culture develop and
proliferate.
Finally the Change needs to be consolidated. Progress must be monitored, assumption must be
continuously reviewed and change management skills must be continuously assessed. Many
approaches and tools are used to define a change policy, such as: Enterprise Engineering Assessment
(M.O.S.T. approach, management operation staff and technology); Creation of a Value Stream based
Change Programme; and a Quality programme (ISO 9001-2000 and ISO 24500).

14.2 Action Planning Model needs to involve three dimensions
Current analysis shows that the seventh component of the 7-part action plan is of paramount
importance for the success of the other components and for the sustainability of the plan and results.
Finally, the analyses of failed and successful plans show that that the three dimensions of interest in
NRW action planning are as follows:
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o

o

o

The dimension relating to change management. This first dimension looks at the readiness or
willingness of the water utility to tackle the NRW project. Issues such as institutional and
stakeholder support, a clear mandate, an established project strategy and a well-chosen project
management team all come into play.
The dimension relating to project management. Once the utility has accepted, and is
committed, to the implementation of a project to manage non-revenue water, the onus then
falls on the management team entrusted with the project. Genuine project management
requires a project champion, quantified objectives, time scheduling, resource availability, and
the correct tools and techniques, for the project to be successful.
The operational dimension. This third dimension looks at the creation of a present and
targeted water balance for a water utility, and the technical and operational issues that are
required to transgress from the present to the targeted water balance. The basis for this
operational dimension is an innovative concept described by the authors 5 as the ‘dynamic
management of losses’. The project team (dimension 2) supported by the mandate provided by
the entity (dimension 1) has to implement an action plan in the face of various opposing
forces.
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Change Management Dimension:
Project Management Dimension:
Operational Dimension:
•Bulk Metering
•Customer Management and water sales.
•Service Water and other free distributions.
•Physical or Real Losses.
•Commercial (apparent) Losses.
•Metering (apparent) Losses.
•Quality, Cost and Time Objective Setting
•Adequate Tools and Techniques
•Adequate Human, Physical and Organizational Resources
•Correct Project Management Policies and Procedures
•Organizational Context Aligned with Change Project
•Stakeholders to Organization Bought Into Change Project
•Change Manager and Change Management Team Assigned
•Strategy for Change Project Defined

Figure 41: Action Planning Model for NRW Reduction and Control - The 3 Dimensions.

The reader will understand that the approach that is proposed here is quite different of the usual one. In
fact it is just the opposite: the main target is a global and sustainable change and operational measures
are just a mean - necessary but not sufficient - to meet this target.

14.3 The Tools
In our ever changing world managers need to have an ability to manage change. Change management
has become a specific and important matter in terms of management of any organisation.
So, one may ask, why is it that the change dimension is not taken seriously into account in so many
NRW control projects? Actually there is a diffuse (i.e. general) awareness that many things have to be
changed in the utility but, unfortunately, this is often considered as a somewhat philosophical concern.
Too often, the management team believes that the use of new tools and the definition of new
procedures will be sufficient to automatically change mental attitudes and corporate culture. This is a
common mistake that leads to failed planning and to unsustainable results.
It is clear, for example, that employee training would be enough if one wants to develop new leak
detection instrumentation and techniques within a utility. But the problem is much broader than that,
we are talking about strategic change management at a corporate level. Before developing the concept
further, it is useful to revisit some basic definitions and tools that are often utilized by change
management practitioners and academics.
Managing Strategic Change
Managing strategic change is a complex matter: there is no miracle formula and no one method to deal
with this concept. At first it is essential to understand that change is mainly about changing people,
not organisations; people are an intrinsic part of the change process. Major changes require a shift in
the underlying culture of the organisation, and therefore the attitudes and behaviours of the staff.
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Not all the aspects of change management are detailed here, but the focus is on some basic tools that
are considered as essential to understanding the change and to deal with it successfully. These tools
can be applied successfully to support a NRW project within the water sector.
Three interesting and useful tools are presented at this point. These are: the culture web; the change
kaleidoscope; and the stakeholders’grid. The possible application of these tools to NRW projects is
then summarily described.
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Culture Web
Corporate culture is based on stories, symbols, routines, paradigms, power structures, control and
monitoring procedures, and formal and informal operational structures (as shown in Fig. 42).
At an audit level, the “culture web”enables one to detect the positive and negative factors in the frame
of the change strategy. The main objective of the audit is to identify which factors need to be changed,
and how to carry out this change. Put in simple terms, a review is required of the cultural factors that
drive the water utility, as these factors will support or undermine any attempted NRV project. An audit
can be carried out formally, through an official assessment of the organization’s behaviour, or more
informally, by working within the organization for a while. An example of one of the dimensions of
organizational culture is the various sources of informal power within the organization. For example,
the CEO may sanction a NRW project, but the real power source, the Financial Controller, may pull
back valuable project funds as soon as cost cuts are requested. Understanding the organization and
buying in the support of the Financial Controller (in this example) would determine the success or
failure of the NRW project.

Figure 42 : The Culture Web Structure
(Source: adapted from Johnson and Scholes, 1998, Balogun 2001)
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The Change Kaleidoscope
Once the organization’s culture is understood, one can move on to utilize the change kaleidoscope to
design a context-sensitive change project within the organisation.
The kaleidoscope is shown in Figure 43. It contains three rings:
The outer ring relates to the wider organisational strategic change context: Why would the
organization want to change? What instigates the necessity of a NRW project?
The middle ring represents aspects of culture, competences and situation that should be considered
when studying the change process.
The inner ring looks at the range of options that a change agent may choose from when selecting an
appropriate change approach: changing path, start point, style, interventions and/or roles. The change
agent is essentially the person championing the change, as “every change needs a champion”.
Attacking a NRW project without an identified change champion, one who has a strong source of
formal and informal power, will most probably lead to failure. Ideally, the change agent would
understand what NRW is all about, and would be well experienced in both real and apparent water loss
control. Only in this way will he or she be able to convince the decision makers of the importance of
the project, and constantly seek support for the ongoing implementation of the project.

Figure 43 : The Change Kaleidoscope
(Source adapted from Balogun and Hope Hailey, 1999, Balogun 2001)
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The Stakeholders’Analysis
Analysing and forecasting change management within the utility is not enough: many external
stakeholders may have an influence on the final targets. The concept ‘stakeholder’refers to a party
who affects, or can be affected by, the utility's actions. Stakeholder theory identifies and models the
groups who are stakeholders to a corporation.
Stakeholder theory argues that there are various parties involved, including governmental bodies,
political groups, trade associations, trade unions, communities, associated corporations, prospective
employees, prospective customers, and the public at large.
Organisational stakeholders are plotted onto a grid on the basis of their attitude to change and their
degree of influence. An example of a stakeholders’grid for a water utility is described in Figure 44.
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Figure 44 : The Stakeholders' Grid
(Source: adapted from Braïlowsky , 2008)

The utility and its shareholders, employees and customers constitute the core of the stakeholder grid.
The second ring relates to the stakeholders that are formerly linked to the utility such as the regulating
agency, banks, suppliers, contractors, insurances, union, etc. The third ring relates to national bodies
and organisations with no formal links (but continuous formal interaction) to the utility such as
political bodies, communities, institutions, NGOs, and so on. The fourth ring relates to international
stakeholders.
The stakeholders’analysis is necessary at the design stage, but only after the organization’s culture has
been adequately mapped out. Whilst essentially the culture describes the internal environment to the
water utility, the stakeholders’analysis defines its external context. As an example, consider a water
utility that has failed to map out its external environment, and has subsequently failed to notice the
gaps in the labour market with respect to skilled technical personnel. An attempt to employ leakage
technicians at a later stage in the project implementation may fail due to this important oversight.
There is also often a need to change the culture of the customers and their perception of the water
utility. Ultimately, the customer is the water utility’s most important and inevitable stakeholder, as
well as its source of finance.
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14.4 Implementing a change management approach
Starting the NRW audit
The establishment of the culture web structure and the stakeholders’grid needs to be analysed at this
stage. This must be part of the data collection stage of an audit.
The audit may be carried out in-house or by an external consultant. When the audit is carried out inhouse, the Utility management may think that this stage is useless, arguing that he knows perfectly
well how the utility is run. This is a very common and basic mistake for two reasons: (i) the
management team and probably the former management teams are directly or indirectly responsible
for the level of water losses in the first place, and (ii) the existing management may not be competent
enough to analyse their own culture and its relevant weaknesses. An external approach is generally
more effective.
Designing NRW reduction programmes
When the water balance and the targeted water balance are established it is then possible to design the
action plan, which generally consists in a set of actions that have been described as the operational
dimension of the 3-dimension scheme . Budget and human and material resources have been defined
and the time-schedule of the project as well.
It is then necessary to check the feasibility of the project that requires three main categories of
analyses: the managerial level, the project level and the operational level. The analysis of the
feasibility will use the data collected to establish both the culture web structure (what needs to be
changed?) and the stakeholders’grid (which stakeholder will support the project and which may
create obstacles if they are not properly dealt with?) To carry out this feasibility analysis the change
kaleidoscope will be used at various levels: the general project and each component of the project.
Actually, each action in the NRW reduction programme is supposed to generate a specific change.
The change kaleidoscope enables the designer to identify the points to be strengthened for each
component of the project: readiness, capacity, capability, diversity, etc.
This analysis will concern a very large range of items: from “Is the government ready to support the
project and allocate funds enough?”to “Does the technician use the leak noise correlators properly?

14.5 Summary
Common comments are: “My action plan was perfect but it has been jeopardized by the utility staff
and the finance officers! “or “As a consultant we met the targets but I am sure the utility will not be
able to cope with the situation after our departure!”Such comments only indicate that the approach to
address the problem was not a holistic one. Some important external stakeholders have not been
involved in the process. NRW reduction planning is not about engineering only; it is also about social
sciences and management.
There are many possible causes for a NRW project to fail, or not to meet the targets, or not to produce
sustainable results. Whatever the efforts and the holistic approach that has been developed there is
always some political risks that cannot be taken into account, such as the replacement of the general
manager of the utility by another one who is not convinced it worth spending so much money to
reduce the loss. This is one more reason to work on sustainable change in the mental attitude and
capability of the staff.
Change Management is the highest and inevitable dimension for any NRW reduction planning to
control NRW. The Change Management attitude and the holistic approach of the NRW topic strongly
increase the chance for meeting the targets or ensuring sustainability of the results.
Table 21 is based on case studies and it summarises some problems that the utility has to cope with
together with some relevant solutions; many of them evidence the important role of the external
stakeholders.
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Topic

Stakeholder

Case

Effect

Solution

Installation of
DMAs

Internal

Better control on
losses

Maintenance
of the water
facilities in
low income
areas –
Revenue
collection
from low
income areas

Low income
community

There were no DMAs in
the city and the conditions
to install DMAs needed to
be defined.
Low income areas were
poorly supplied and people
did not pay their bills. In
the past, the Government
and ONGs had installed
water facilities in these
areas but did not provide
any farther maintenance.

Decision was made when
all required conditions to
operate the DMA system in
a sustainable way were met.
Install a community
participation program.
Community needs to
maintain the facilities and
need to be empowered for
that.
It presently works and low
income people are paying
their bills.

Poly-ethylene
pipes

National
Technical
Standard

Water meter
replacement

National
Regulation

Work
organization

Unions

Digging
permit

Ministry of
Civil Works

Procurement
procedures

Contract
regulation

Water supply
of worship
location

Religious
affairs

The audit has proved that
there was a high level of
leakage on new
polyethylene service
connection pipes; the
quality of the material was
responsible for these leaks.
As in many countries the
period for water meter
replacement was defined
by national bylaws.
These regulations are not
always convenient and do
not follow the
technological progress.
Unions have obtained so
many advantages for the
staff that no improvement
in efficiency was possible
It usually takes 3 months to
get a digging permit in the
city: this completely
jeopardizes the leak
detection and repair
program. All the causes for
this delay for digging
permit obtaining were not
respectable and
acknowledgeable
The lower cost always
wins the tendering process.

Places of worship received
water supply free of
charge, without meters.

After some years,
most of these facilities
are out of operation
and the population is
vainly waiting for new
governmental
assistance.
Non-managed low
income areas generate
high level of losses,
both real and apparent
In the past, huge
amount of money had
been wasted to replace
old GI pipes by new
PE pipes without any
impact on the level of
real losses
Actual ageing impact
on meter uncertainty
was unknown.
Imported meters were
replaced after a short
period whilst the
period is longer in
other countries for the
same meters
Leaks could not be
repaired in due time
and the backlog was
increasing.
Many former action
plans to reduce real
losses had failed
because of the repair
delays. The backlog of
leaks to be repaired
was very high.

This is in favour of
poor equipment with
shorter life
expectancy.
Actual consumption of
these places was
unknown.

The national standards for
manufacturing PR pipes
have been changed

Bylaws on meter
replacement have been
modified

Union’s commitment is
necessary. Union’s
agreements were
renegotiated.
Necessary agreement with
the ministry in charge.

New criteria have been
accepted by the ministry for
the evaluation of the tender
documents.
Water meter were installed
(but not for billing
purpose).

Table 17 : Stakeholders' case studies
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15. DYNAMICS OF LOSSES AND ACTION PLANNING
MODELLING
15.1. Presentation
Action planning to control for Non Revenue Water (NRW) in a water system consists of defining the
conditions for transition from an initial Water Balance to a targeted Water Balance.
The transitory stage of the passage from the initial water balance to the final one has been developed
from related simulation models. For this purpose, new concepts and definitions have been developed
such as: Time Factor and Visibility Threshold, Coefficient of Return of Anomalies and Migratory
Attribute of Losses.
In many cases, designers and practitioners fail to take these factors into consideration and it seriously
jeopardizes the results of their actions and plans to manage NRW. Great improvements have been
recently achieved in terms of forecasting action planning on real losses; the authors show that similar
improvement can be achieved with respect to apparent losses.
The consideration of these newly defined concepts is necessary to simulate the result of complex
NRW reduction programmes including many components and to ensure comprehensive follow-up of
these programmes.
Based on these new concepts the authors are laying the foundation for a new branch of the water loss
topic that could be called “the dynamics of losses”.

15.2. Introduction
The concept of water balance of a water supply system is currently well known and commonly used to
assess both real and apparent losses (Alegre et al 2000). But this balance only gives a picture of the
situation in terms of Revenue and Non Revenue Water (NRW) during a specific period of time,
generally one year. Action planning to reduce and control for NRW is about how the water balance
will gradually change when an action plan is carried out, and finally reach a new equilibrium
represented by a new targeted water balance.
Progression from the initial water balance to the targeted one requires considerable analysis and
simulations. Experience shows that many plans have failed due to inadequate assessment of the initial
situation and to a poor or wrong estimate of the impact of the forecasted actions. This chapter
reiterates the main causes for failure of an action plan that were originally detailed by Vermersch and
Carteado (2006) and Vermersch and Rizzo (2007) together with new criteria required to avoid these
failures. It provides some additional guidance on how these concepts and indicators can be usefully
used in the frame of action planning modelling. A case study is also presented.

15.3. Dynamics of Water Loss: New Concepts
Main causes of failure in action planning
In any water supply system there is a natural entropic tendency to disorder and misinformation: if
nothing is done, there will be an accelerated propagation of leaks and occurrences of defective water
meters as well as the accumulation of out-of-date information in the database.
Therefore, the value of the network efficiency at any moment is the combined result of the natural
deterioration of the installations and the procedures that have been put in place since their creation by
the technical and customer services sections to fight this deterioration.
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To counter this natural tendency it is necessary to understand what the causes of this deterioration
process are and to carry out appropriate actions to minimise the negative effect of these causes. This
may either be: (i) appropriate procedures to keep the loss ratio at its current value; or (ii) an
appropriate action programme to meet specific efficiency targets. This is called the action plan and it
includes many components such as the targets, list of the actions to carry out to meet the target,
human and material resources, budget, time schedule, etc.
There are many reasons why an action plan may fail, for example if there are no improvements in the
water loss indicators, if the improvements are less than scheduled, if the improvements do not meet
the time schedule, if capital cost is much higher than scheduled, if the results are not sustainable, etc.
Ways to avoid these failures have already been mentioned. The following are some of the main causes
for failure: the time schedule is not controlled; the possible returns of the anomalies are not
quantified; and potential interactions between the various kinds of losses are underestimated. These
considerations have leaded the authors to propose some new concepts and indicators that are defined
and commented in this paper.

Time Factor (TF) and Visibility Threshold (VT)
The Time Factor for one specific action is the period of time that it takes from the implementation of
the action until the moment it impacts the water loss indicator. The Visibility Threshold is the moment
when the impact of the action becomes noticeable (inflection on the water loss graph).
How many detected and repaired anomalies will there be before there is a visible impact on the value
of losses and relevant performance indicators? Often the utility management lacks the patience and
abandons the project even before the threshold is reached. This is unfortunate as it is only after the
detection threshold has been reached, that there will be an accelerated improvement due to a
“snowball effect" that will eventually ensure the success of the project.
Some examples related to various types of losses are given as follows:
(i) It is common that reducing real losses leads to reducing water input into the surveyed areas. This is
true, but considering an example of a large distribution network repairing some small leaks may be
insufficient in impacting the volume of water input. The visibility threshold on the water input will
only be met when the volumes saved are sufficiently large to impact the volume supplied. This is the
main purpose of district metered areas (DMA); the smaller the DMA, the easier the leak detection and
the measurement of the repair impact. The visibility threshold is met sooner in a DMA than in the
whole utility service area. The same approach may be applied to the various categories of apparent
losses such as under metered and unauthorised consumption.
(ii) If the water utility decided to renew the consumers’meters because the error (under metering, thus
underbilling) is increasing by 0.5 % annually, i.e. more than 5% in a 10-year period. This action
should lead to some calculable increase in the water sales. What is the visibility threshold and how
long does it take to reach it? It is a precision matter. In addition, it may be difficult to appreciate the
visibility threshold when the meters are read once a year or when there are important seasonal and
yearly variations in the consumer’s consumption.
With respects to the water leakage the impact can be appreciated by the review and assessment of the
minimum night flow. With respect to apparent losses it may be more difficult due to the frequency of
meter reading.
The visibility threshold for each action will also depend on the rate of return of the anomalies. In the
case of a complex action plan involving various actions the visibility threshold of the plan will also
depend on possible interactions between the various components of the plan.

The Coefficient of Return of Anomalies (CRA)
The name is self-explanatory and applies to both real and apparent losses. When one hundred
anomalies are corrected in the time frame of the action plan, what number of similar new anomalies
will occur due to the natural deterioration process? The CRA is an indicator that can be calculated as a
percentage. The following examples are considered:
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(i) After detected and repaired many leaks in the distribution network, new leaks will appear during
the next months. Implementing annual active leak detection in the same areas, the CRA may be 1
(100%), less than 1 or more than 1. When it is 1 or more than 1, the visibility threshold on the water
input figures may never be reached. The policy then requires reviewing: pressure control or pipe
renewal might be more effective. In the case of real losses the present concept of CRA covers the
existing concepts of Natural Rate of Rise (NRR) and Infrastructure Condition Factor (ICF) (Fantozzi
and Lambert 2005, Lambert and Lalonde 2005)
(ii) In the case of the meter replacement campaign, the utility may decided to replace 5% of the meters
every year because the errors are increasing by 0,5% every year. Remember that meters that have not
been replaced that year (i.e. 95%) are continuing to lose 0,5% a year. It is easy to calculate the CRA
for under metering and the minimum number of meters required to reduce the total loss due to under
metering.
(iii) The detection and regularisation of unauthorised connections can be matched by the occurrence
of a similar number of new unauthorised connections. When the Utility disconnects 100 customers for
fraud or non payment, how many disconnected customers will reconnect their connection illegally?
The CRA needs to be assessed to know what is the global impact of the actions and, obviously, to take
appropriate corrective actions at the management level.
These examples show that there are obvious relationships between the Coefficient of Return of
Anomalies (CRA), the Visibility Threshold (VT): the highest the CRA, the longer the TF and more
remote the VT.

The Migratory Attribute of Losses (MAL)
Generally speaking, any action may have side-effects and these effects need to be forecast and taken
into account in the design of the action plan.
When a volume of water is saved through a leak detection campaign part leads to a reduction of the
water input however, another portion may be lost through other leaks or apparent losses.
This concept applies for instance to the automatic transformation of real losses into apparent losses
under certain circumstances. If the leak repair creates pressure increase and new leaks or if the water
saved from the leak repair campaign is used to supply some inadequately served and metered areas,
the visibility threshold on production will be higher, or may never be met. Some consumers will
transform a part of the water saved into apparent losses through unmetered additional consumption.
This is called the migratory nature of the loss.
This concept is of paramount importance because if some MAL phenomenon occurs, it completely
distorts the former TH, VT and CRA analyses and the final target may never be reached.

Formula
This paper does not present any general formula to calculate indicators like TF and CRA. In fact the
formula is different for every type of loss. Many formulas are already proposed for real losses
(Lambert et al, 1999) and it is rather easy to establish these formulas for meter ageing for instance
(Arregui et al, 2006). Each case requires tailoring to local conditions, and there is no other way other
than field and laboratory analysis of samples and pilot areas to assess the value of these indicators. In
the case of the MAL, which is a concept and not an indicator, the impact completely depends on the
characteristic of the project and the possible impact needs to be estimated through specific detailed
surveys.

A Holistic Approach
The previous examples show that TF, VT, CRA and MAL may be assessed for each type of action.
But these indicators also need to be considered holistically because there are many interrelations
between the various components of a complex programme to control NRW (Rizzo, 2006 and Rizzo &
Vermersch, 2007)
A complex action programme is a programme that simultaneously involves various types of action
addressing real and apparent losses such as leak detection campaign, pipe renewal, large-scale and
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selective meter replacement programme, fraud and unauthorised connection detection campaign,
pressure control.
Some managers prefer not to address all the problems at the same time, but just to address the
priorities! Apparently, there is good sense in this approach but it also leads to frequent failures. The
definition of priority actions needs to take into account the MAL concept, which automatically leads
to multi-component action programmes.
On the one hand the analytic approach is complex and its effectiveness underestimated by some
utilities. Superficial preliminary analyses often lead to the failure. On the other hand contractual
relationships are ruled by the time factor and the actual evolution of the NRW indicator.
Therefore, the practitioner, who is responsible for the success or failure of the programme, needs to
have an efficient tool to monitor the performance indicators against the plan and to take appropriate
decisions when changes or inflexions are necessary during the implementation stage so that the target
is eventually reached.

15.4. Dynamics of Water Losses: Modelling Dynamics of Water
Losses
Principles
Most programmes to control for NRW are complex because they comprise many actions in various
fields of activity such as water production, water distribution, water metering and customer
management. In such cases, it is very difficult for the Management of the Utility – and for the
manager in charge of the NRW project – to have a clear overall view of the effectiveness of each
individual action. Which department does not act properly? Which component of the programme does
not produce the forecast results? What are the interactions between the various components of the
programme? Which action jeopardizes the impact of others? How to correct or to modulate the
programme in order to meet the final targets?
To answer these questions, it is recommended to build a model, which is given in the following text.
The objective of the model is to simulate the dynamic evolution of the losses when going from the
current level of loss to the targeted one.
At the outset, the model needs to be built on the basis of a very detailed audit of the operation of the
water utility that includes the following:
- the main causes for water losses have been identified and quantified
- the water balance has been established
- cost-benefit analyses have been carried out
In addition - last but not least - CRA and risk of MAL must be carefully analysed and quantified. This
point requires emphasizing as many plans have failed due to the lack of integration of these various
concepts.
The pertinence of the model and the actions to reduce NRW depends largely on the correct diagnosis
of the NRW situation of the Utility and the values used for the different ratios. Therefore, it is
important for these two elements to receive the greatest attention and preferably the support from
specialists.
The main objective of the model is to compare - as often as possible –the actual value of the loss (i.e.
the one which results from the direct measurement of water input and consumption volumes) and the
calculated value of the loss (i.e. the one which results from the algorithms and hypothesis of the
model).

Construction of the model
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Next figure describes the structure of the model.
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THEN COMPARE : ESTIMATED TOTAL LOSS AND ACTUAL LOSS

Figure 45: Dynamic NRW Model used to monitor a complex action plan

The model includes various modules. Each module refers to a component of the action plan. For
instance: leak detection and repair on primary distribution network (PN), leak detection and repair on
secondary network (SN), leak detection and repair on house connections (HC), large-scale meter
replacement campaign (CWM), large meter resizing campaign (LWM), unauthorised connection
detection campaign (UC), fraud detection campaign (F) , specific actions, etc.
For each module, the calculation of the impact in terms of loss reduction results from one positive and
one negative factor such as:
- positive impact: what is due to the action itself: leak repair, meter replacement, etc.
- negative impact: natural deterioration and coefficient of return of anomaly (CRA)
The results obtained from the different modules are added together with the previous losses to
produce the "Estimated Total NRW". The results of the model can also be presented by module
(Primary Network, Meter Replacement Policy etc.) or in totality.
TF (Time Factor) and VT (Visibility Threshold) will then appear as outputs of the model.

Operation of the model
For each action the model takes into account the past operational data and, using ratios calculates the
future evolution for that specific element. These ratios must be defined according to the operating
conditions of each utility.
At the beginning when the model is developed and the data is not available the provision of the NRW
volume derived from ratios defining the gains that may be obtained for each action (number of bursts
per km of network inspected; average volume lost from a burst repaired; increased billing per new
meter installed, etc.) Equally, the losses that reappear are defined by ratios (number bursts to reappear
per km; volume lost from a new burst; deterioration of volume billed per old meter, etc… ). These
basic data should come from the operation report or from preliminary investigations carried out
during the audit stage.
Application of the model requires that it is updated monthly or quarterly using the new operational
data (number of meters replaced, number of bursts repaired, etc.) from the NRW reduction
programme, which improves the accuracy of the predicted NRW value.
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Calibration of the model
As with any other model such as distribution network model or aquifer model, the NRW dynamic
model requires calibration. This can be done at the audit level but also during the implementation of
the programme through the continuous comparison between actual losses and calculated losses.
The main items to be considered to calibrate the model are aspects such as the predicted impact of
each action and the values of the coefficients of return of anomaly (CRA) as well as whether both
categories have supposedly been defined during the review and assessment stage of the project.
The analysis of the evolution of the NRW value from the Model and the comparison with the actual
value allows not only the calibration of the model but also highlights possible anomalies that require
correction.

Water Input – Revenue Water
Actual NRW
NRW Calculated
by the Model

Calibration

Comparison

=

Figure 46: Flowchart calibration of the Dynamic Model

Some practical considerations regarding calibration, as previously discussed, relate to the initial data
entered into the model that come from the audit stage, and the establishment of the water balance. But
very often there are many constraints due to administrative and financial backgrounds aspects for
instance as follows,
The water audit and the implementation of the action plan are generally assigned to different persons.
The budget allocated to the audit is inadequate to carry out very detailed field surveys.
The client does not wish to spend a lot of money for additional studies and insists upon immediate
results!
These issues may jeopardize the project. To mitigate these negative tendencies requires
implementation of pilot studies at the commencement of the programme, as part of the project itself.
This approach will then be the basis for a gradual calibration of the model. .

15.5. Case Study
The following graphs refer to the case of Casablanca city in Morocco. A presentation of this case has
been done by Lydec, the water and power utility, at the Marrakech IWA Conference in 2004 (Djerrari
& Vermersch, 2004).
The action plan included many components with the following examples: systematic leak detection
campaign with acoustic correlators on the distribution network; leak detection on mains by using the
Sahara method; large-scale meter replacement programme based on selective analysis; various actions
to reduce illegal connections and other types of apparent losses.
Figure 47 shows the evolution of the water loss (including both real and apparent losses) which were
measured quarterly due to the billing frequency and the evolution of the simulated water loss
calculated by the model. At the current stage illustrated, the Model is well calibrated and the modelled
values meet the actual values.

IWA –ALTF –April 2010

AL Guidance Notes (Final Draft Document v8)

156/172
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Figure 47: Evolution of actual and modelled water loss in Casablanca from 1998 to 2004:
model with correct calibration. Source: Lydec (ref.3)

Figure 48 relates to a former provisional modelling. It shows that there was a discrepancy between the
measured loss and the modelled loss from the 3rd quarter of 2002. Related analyses demonstrated that
this discrepancy was due to the use of an incorrect ageing formula of the meters (CRA component for
meters). The correct formula was then established, based on laboratory tests and the model was
corrected as shown in Figure 47. A new strategy was implemented from 2004 to 2008 in order to
emphasise the loss reduction process again. This example illustrates the gradual calibration of the
model. It also shows how the model can assist in detecting discrepancies within a complex action
plan.
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Figure 48: Evolution of actual and modelled water loss in Casablanca from 1998 to 2004:
model with wrong calibration. Source Lydec (ref.3)

15.6. Conclusion
The NRW Action Planning Model predicts the volume of Non Revenue Water that will be produced
by the system taking into account the actions by the operator to reduce the losses and the natural
growth of real and apparent losses over time. The model follows and quantifies the reduction of losses
obtained through the different actions thereby providing the utility with a clearer vision of the impact
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of each action. This model is obtained by integrating the new concepts introduced within the
“dynamics of water losses”: threshold of visibility, rate of return of anomalies and migratory attribute
of the losses.
The NRW Model is a tool to visualise the current losses and to predict the evolution of NRW in the
short term during the programme implementation. A financial module can also be incorporated into
the model with the return on investment of each action. The model may also be considered as a
training tool to aid managers to better understand the different parameters and issues behind the
optimal reduction of NRW for the lowest possible cost.
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PART 5
MISCELANEOUS

IWA –ALTF –April 2010

AL Guidance Notes (Final Draft Document v8)

159/172

16. ACRONYMS
AL
ALI
AMR
AMS
AZP
CAAL
CARL
CEI
CRA
DMA
EALL
ELL
GIS
GPS
ICF
ILI
ISO
IWA
MAL
MNF
NRR
NRW
PDA
RL
TF
UAAL
UARL
UBL
UFR
UFW
VT
WLTF

Apparent Loss
Apparent Loss Index
Automatic Meter Reading
Asset Management System
Average Zone Pressure
Current Annual Apparent Loss
Current Annual Real Loss
Commercial Efficiency Index
Coefficient of Return of Anomaly
District Metered Area
Economic Level of Apparent Loss
Economic Level of Real Loss
Geographical Information System
Global Positioning System
Infrastructure Condition Factor
Infrastructure Leakage Index
International Organisation for Standardization
International Water Association
Migratory Attribute of Losses
Minimum Night Flow
Natural Rate of Rise
Non Revenue Water
Portable Digital Assistant
Real Loss
Time Factor
Unavoidable Annual Apparent Loss
Unavoidable Annual Real Loss
Unavoidable Background Leakage
Unmetered Flow reducer
Unaccounted-For Water
Visibility Threshold
Water Loss task Force (IWA)
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17. TRIALS AND CASE STUDIES
Water meters
Carteado F, Vermersch M, (2004) Water meter management in Macao City. SINO FRENCH News
Letter
Rizzo A, Cilia J (2005) Quantifying Meter Under-Registration Caused by the Ball Valves of Roof
Tanks (for Indirect Plumbing Systems). IWA Leakage Halifax (2005)
Arregui F., Pardo M.A., Parra J.C., Soriano J. (2007) Quantification of meter errors of domestic users:
a case study. IWA Waterloss 2007, Bucharest, Proceedings.
Bonello M, Gallea St John S, Rizzo A (2007) Trial to Quantify and Reduce in-situ Meter UnderRegistration - IWA Waterloss 2007, Bucharest, Proceedings.
Charalambous S, Charalambous S, Loannou I (2007) Meter Under-Registration caused by Ball Valves
in Roof Tanks. IWA Waterloss 2007, Bucharest, Proceedings.
Sanchez E H (2007) Calculation, Estimation and Uncertainty in the Apparent Losses Volume in the
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PART 6
ANNEXES
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ANNEX 1. IWA WATER BALANCE (PROPOSAL)
A1.1. Proposed Water Balance
The following proposed water balance aims at resolving some issue commonly raised by the existing
one such as:
§ The complexity introduced by taking into account raw water and treated water into a common
scheme
§ The frequent confusion between water input and water supplied to the system often made by
some practitioners
§ The better breakdown of the apparent losses resulting from the current guidelines

A

B

C

D

E

F

G

H

Billed Metered Exported Water
(A7a)

Exported Treated Water*
(A7 =A7a+A7b+A7c+A7d)

Billed authorised
consumption
(A10=A8+A9)

Billed metered consumption
(A8 = A7a + A8a)
Revenue Water
(A20=A8+A9)
Other Billed Metered
Consumption (A8a)

Authorised
consumption
(A14=A10+A13)

Treated
Water
produced*
(A6)

Billed Unmetered
consumption
(A9
= A7b + A8b)

Unbilled authorised
consumption
(A13=A11+A12)

System
Input
Volume*
(A3)

Unbilled metered
consumption
(A11 = A7c + A8c)
Unbilled metered
consumption
(A12 = A7d + A8d)
Unauthorised consumption
(A16)

Water Supplied
(A3b = A3 - A7)

Imported
Treated
Water*
(A3b = A3A6)

Apparent losses
(A18=A16+A17)

Customer Metering
inaccuracies (A17)

Billed Unmetered Exported
Consumption (A7b)
Other Billed Unmetered
Consumption (A8b)
Unbilled Metered Exported
Consumption (A7c)
Other Unbilled Metered
Consumption (A8c)
Unbilled Unmetered Exported
Consumption (A7d)
Other Unbilled Unmetered
Consumption (A8d)
Unauthorised Consumption
(includes water theft) (A16)
Incorrect registration due to
meters ageing (A17a)
Incorrect registration due to
meters selection (A17b)
Incorrect registration due to
meters installation (A17c)
Meter reading errors (A17d)

Non-Revenue
Water (A21=A3A20)

Error in estimating unmetered
consumption (A18e)
Water accounting errors (A17f)

Water losses
(A15=A3-14)

Real Losses
(A19 = A15 - A18)

Leakage and overflows at
transmission and/or
distribution storage tanks
Leaks and bursts on
transmission and/or
distribution mains

Leakage and overflows at
storage tanks (A19a)

Background (undetectable)
leaks; Reported and Unreported
leaks and bursts (visible and non
visible) up to the point of
Leakage on service
customer metering (A19b)
connections up to the point
of customer metering

Table 18 : Proposed IWA modified Water Balance

A1.2. Main modifications to the standard IWA water balance
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This Water Balance follows the same basic structure as the diagram in the PIs Reports 1st and 2nd
Edition, with the same numbering (A3, A4 etc) as in the 2nd Edition. However, there are some
modifications and enhancements appropriate for more detailed analysis of Apparent Losses. These are:
•
•

•

•

This water balance applies only to a treated water system; the boundary of the system starts at
the outlet of treated water production units, so raw water is not taken into consideration.
Meter errors in production meters and bulk supply meters are separated (as far as possible)
from meter errors in customer meters, by correcting any known calibration errors or other
errors in the production meters and bulk supply meters before proceeding with the water
balance.
Water Supplied A3b (= System Input Volume A3 minus Exported Treated Water A7) is
separately and clearly identified from System Input Volume, in cases where there are Exports
of Treated Water. This is important because, if Non-Revenue Water or any of its components
are calculated as a percentage, it is important to know, and to specify, if the percentage refers
to the System Input Volume (A3) or to the Volume of Water Supplied (AS)
Five sub-divisions of Customer Metering Inaccuracies (A17a to A17f) have been separately
identified

All terms are specified as volumes and relate to the same Assessment Period (generally one year.)

A1.3. Modified glossary
System Input Volume (A3)
Equal to the sum of Treated Water Produced (A6) and Imported Treated Water; corrected for known
calibration and other errors.
Treated water produced (A6)
Water treated and input to water transmission lines or directly to the distribution system; corrected for
known calibration and other errors.
Imported Treated Water ( AI)
Treated water imported from another water undertaking or from another system into the supply area;
corrected for known calibration and other errors.
Exported Treated Water (A7)
Treated water exported to another water undertaking or to another system from the supply area;
corrected for known calibration and other errors. Exported treated water may include the following
components:
Billed metered exported water (A7a) and/or Billed unmetered exported water (A7b)
Unbilled metered exported water (A7c) and/or Unbilled unmetered exported water (A7d)
Water Supplied (AS)
Equal to System Input Volume (A3) minus Treated Water Exported (A7); corrected for known
calibration and other errors.
Authorised Consumption (A14 = A10 + A13)
The volume of metered and/or unmetered water taken by registered customers, by the water undertaker
itself, or by others who are explicitly or implicitly authorised to do so by the water undertaker, for
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residential, commercial, industrial or public purposes. Authorised Consumption includes water
exported, and is equal to Billed Authorised Consumption (A10) plus Unbilled Authorised
Consumption (A13).
Note (1): Authorised consumption may include items such as fire fighting and training, flushing of
mains and sewers, street cleaning, watering of municipal gardens, public fountains, frost protection,
building water, etc. These components should be metered whenever feasible, to improve the reliability
of the water balance.
Note (2): some part of the authorised consumption of registered customers, both metered and
unmetered, will be lost through leaks or otherwise wasted.
Billed authorized consumption (A10 = A8 + A9)
Metered and/or non-metered water taken by registered customers, by the water undertaking itself, or
by others who are implicitly authorised to do so by the water undertaking, for residential, commercial,
industrial or public purposes. It includes water exported. Equal to Billed metered consumption (A8)
plus Billed unmetered consumption (A9); includes billed exported water.
Billed metered consumption (A8 = A8a + A8b)
Equal to Billed metered authorised consumption within system (A8a) plus Billed metered exported
water (A8b)
Note (1): billed metered consumption is obtained from periodic readings of customers’meters within
the system and bulk export meters. As in general customer meter reading dates do not correspond with
the exact audit period, interpolation adjustments of recorded consumption for ‘meter lag’are required
to improve the reliability of this component of the Water Balance.
Note (2): In some water undertakings the billed volume may be different from the recorded consumed
volume, so relevant corrections need to be made. Some additional correction may later result of the
analyses of the “accounting errors”which are part of Apparent Losses.
Billed unmetered consumption (A9 = A7b + A8b)
Equal to Billed unmetered authorised consumption within system (A7b) plus Billed unmetered
exported water (A8b).
Note: the input data is the best available estimate, based on sample surveys or any other forms of
assessment the water undertaking can make use of.
Unbilled metered consumption (A11 = A7c + A8c)
Equal to Unbilled metered authorised consumption within system (A7c) plus Unbilled metered water
exported (A8c).
Note: metering of some categories of unbilled authorised consumption is necessary to improve the
reliability of the Water Balance
Unbilled unmetered consumption (A12 = A7d + A8d)
Equal to Unbilled unmetered authorised consumption within system (A7d) plus Unbilled unmetered
exported water (A8d)
Note: this component of authorised consumption input data is the best available estimate based on
sample surveys or any other forms of assessment the water undertaking can make use of.
Water Losses (A15 = A3 –A14)
Equal to System Input Volume (A3) minus Authorised Consumption (A14)
Note: water losses can be considered as a total volume for the whole system or for partial systems such
as transmission or distribution. In each case the components of the calculation would be adjusted
accordingly. Water losses consist of Apparent (Commercial) Losses (A18) and Real (Physical) Losses
(A19).
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Apparent Losses (A18 = A16 + A17)
Equal to Unauthorised Consumption (A16) and Customer Metering Inaccuracies (A17)
Note: under-registration of production meters, and/or over-registration of customers meters, leads to
underestimation of real losses. Over-registration of production meters, and/or under-registration of
customers meters, leads to over-estimation of real losses. So it is important to try to separate these two
effects by correcting any known calibration errors or other errors in the production meters and bulk
supply meters before proceeding with the water balance.
Unauthorised Consumption (A16)
Unauthorised water consumption including water theft.
Note: The input data is the best available estimate, based on sample surveys or any other forms of
assessment the water undertaking can make use of.
Customer Metering Inaccuracies (A17 = A17a + A17b + A17c + A17d + A17e + A17f)
Equal to the net volume of water arising from various types of inaccuracies in assessing the actual
volume passing through customers’meters.
Note: The input data represent the best available estimates, based primarily on data from the
calibration of existing customer meters, surveys and other investigations, of the following
components. Depending on the methods used for investigation, the following components may be
estimated separately or by group.
Incorrect registration due to customer meters ageing (A17a)
The metering errors due to meter inaccuracy change with time due to the deterioration of the
metrological quality of the meters as a function of their age or as a function of the volume that has
passed through the meter. This deterioration modifies the error curve of the meters. The result is
usually (but not always) additional under-registration.
Under- registration due to customer meter selection (A17b)
Even new customer meters tend to under-register the volume passing through the meter, because some
flowrates are too small to be registered. This results from the combination of the customers’
consumption patterns and the error curve of the new meters.
This under-registration will be greater if inappropriate customer meters are selected, such as oversized
meters or meters not designed for the particular consumption characteristics.
Note: this under-registration depends on the metrological quality of meters in service and can be
changed by using other types of meters, or by installation of unmeasured flow reducers (UFRs)
Incorrect registration due to defective customer meter installation (A17c)
Customer meters will also register incorrectly if they are not installed according to the manufacturer’s
requirements that the meter has been designed for. In case of spinning, jetting or cavitation the result
can be either over or under registration.
Meter Reading errors (A17d)
These are errors – positive or negative – that occur due to incorrect reading of meters or defective
estimation of customer meters that could not be performed.
Error in estimating unmetered authorized consumption (A17e)
If the unmetered authorized consumption (A9) is properly estimated, this item does not need to be
taken into consideration. If not, a correction needs to be made here. This may happen for instance if
the volumes used in A9 is the billed volume (flat rate) that could be very different from the real
volumes consumed.
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Water accounting errors (A17f)
Total amount of water that is not registered due to water accounting errors.
This could result from the use of inadequate formula in the billing system or from misunderstanding of
the formula used by the billing system. Other causes are the existence of inappropriate procedures: e.g.
some manual procedures or manual corrections on the bills are not taken into consideration in the final
figures, or some manual corrections are made on the amount that the customer has to pay but not on
the volumes of water that are used in the water balance.
Real Losses (A19 = A15 –A18)
Total amount of physical water losses from the pressurised treated water system up to the point of
customer metering. Equal to Water Losses (A15) minus Apparent Losses (A18).
The volume lost through all types of leaks, burst and overflows depend on frequencies, flow rates, and
average duration of individual leaks.
Real losses include:
Leakage and overflows at transmission and distribution storage tanks
Leaks and bursts on transmission and distribution mains
Leakage on service connections up to the point of customer metering
Real losses may also be calculated using component analysis of:
Leakage and overflows at storage tanks (A19a):
Background (undetectable) leaks (A19b)
Detectable leaks and bursts up to the point of customer metering that are Reported (A19c) or
Unreported (A19d)
Note: Although physical losses after the point of customer metering or first point of consumption are
excluded from this definition of real losses, they are often significant (particularly where customers are
unmetered) and worthy of attention for demand management purposes.
Revenue Water (A20)
The volume of billed authorised consumption (including exported water) that generates revenue.
It includes both metered and unmetered authorised billed consumption, and is the same as A10: billed
authorised consumption.
Non Revenue Water (A21 = A3 –A20)
Equal to system input volume (A3) minus Billed authorised consumption A20 (including exported
water)
Non-revenue water consists of Unbilled Authorised consumption (A13), Apparent (Commercial)
Losses (A18) and Real (Physical) Losses (A19)
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