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Lisbon Charter adopted at World Water Forum
he World Water Forum, which took
place in April in Daegu, Korea saw the
adoption of the ‘Lisbon Charter’ for public
policy and regulation of water and wastewater management.
Developed by ERSAR (the Portuguese
national regulator), water regulators from
around the world and the IWA, the Lisbon
Charter is an international framework
of good practice for public policy and
regulation in drinking water supply,
sanitation and wastewater management
services.
Updating public policies and regulation
forms part of a government’s primary
responsibility for public policy making.
Today, a wide variety of models of public
water policy and regulation exist around

T

the world. The ‘Lisbon Charter’ brings the
experience of these together and sets out
five leading principles:
• Effective water supply, sanitation and
wastewater make a positive contribution
to sustainable development
• The provision of services should enshrine
accountability and transparency
• The economics of service provision
should be framed by long-term infrastructure investments and cost recovery
instruments
• Service provision should take into
account the financial, social and environmental aspects of all water resources
• Effective service provision relies upon the
collective actions of interdependent
stakeholders

‘There is a growing demand for
innovative public water policies and
regulations,’ said Dr Ger Bergkamp,
IWA Executive Director. ‘We are
confronted with this when we discuss
the financing of infrastructure, the
involvement of the private sector or
the demand for transparency in tariffs.
We are also confronted with this when
we review the use of new technological
developments or emerging business
models for water services provision.
The Charter provides a unique opportunity
for all stakeholders to work from a firm
ground and renew their contribution to
the delivery of safe water, sanitation and
wastewater services to all citizens around
the world.’ ●

World Bank warns of costly climate impacts on Africa’s water infrastructure
new World Bank report warns that the
impact of climate change on Africa’s
water and energy infrastructure will be
costly, and immediate action is needed
to reduce the risks.
‘Enhancing the climate resilience of
Africa’s infrastructure’ quantifies the
impacts of climate change on hydropower
and irrigation infrastructure and identifies
adaptation options as well as recommendations for increasing climate resilience.
Jamal Saghir, the World Bank's Senior
Regional Adviser for Africa, said: ‘Climate
change requires new approaches that will
help make infrastructure investments in
Africa more resilient to the uncertain
climate of the future. No action is not
an option.’
Launched during the Africa Climate
Resilient Infrastructure Summit in Addis
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study points to a risk of adapting to climate
change in the wrong way, which could be
as significant to the damages when not
adapting.
The report provides a set of steps that
can be taken to increase climate resilience
in Africa’s infrastructure, including providing technical guidelines on integrating
climate change into planning and design
of infrastructure and creating an open
data repository.
The report recommends a climate
resilience project preparation facility to
support plans for infrastructure investments, and training programmes for
professionals involved in planning and
design. Finally, it says an observatory on
climate-resilient infrastructure development would be helpful to retain visibility
of technical work at the policy level. ●
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AfDB offers Seychelles water supply
management support
he African Development Bank (AfDB) has offered to support the
Seychelles in addressing water supply challenges caused by
inadequate water storage capacity, increasing housing construction
and leakages in the supply system.
The bank has approved financing for a $26 million water project
to increase supply in the largest island of Mahe: the Mahe
Sustainable Water Augmentation Project.
AfDB said in a statement the island faces frequent water shortages, especially during the dry season when the government
resorts to rationing to address the sliding supply volumes. With
the completion of the project, the bank said, the total population
with access to reliable water supply will increased by 130% by
2030. Currently Seychelles has capacity to meet only 60% of
the country’s water demand needs.
‘Domestic, industrial and touristic use, which currently
accounts for 36%, 11% and 5% of the total water demand, is
expected to increase by 130%, 400% and 190% respectively,’
the statement said.
AfDB, which is also helping Seychelles to reduce over-reliance
on desalination, says the latest financing will help the country
reduce the rationing period and increase water production
capacity to cover Mahe’s northern region.
The project’s financing includes $20.6 million from the African
Development Bank, $1.4 million from the Middle Income Country
Technical Assistance Fund and $3.995 million from the Seychelles
government.
The Mahe Sustainable Water Augmentation Project is a
component of Seychelles’ Water Development Plan 2008-2030,
which is supported by the African Water Facility.
The plan targets the development of a new water system,
comprising of raising the height of the La Gogue Dam reservoir
to increase the storage capacity, construction of a new water
treatment plant downstream of the dam and construction of
distribution mains and connections to existing pipelines where
appropriate, according to a project brief by AfDB. ●

T

FEATURES
4 NETWORK MANAGEMENT
Indicators for transferring WASH
project management in Nepal
By Rajeeb Ghimire

7 WATER LOSS
Applying the NRW Change
Management Index to a
Brazilian utility
By Monika Konatar, Jose Francisco
Pons Ausina and Luiz Celso Braga
Pinto

13 BENCHMARKING
Uncertain benchmarking of Nigerian
water utilities
By Alexander Danilenko and
L Joe Moffit

17 ASSET MANAGEMENT
Optimising the asset management
of water treatment plants
By Jean-Pierre Hangouët, Zoubir
Aït Mansour and Bénédicte Guy

EBRD agrees water supply upgrade
funding for Serbia
he European Bank for Reconstruction and Development (EBRD)
has agreed to finance critical water supply upgrades for
Belgrade, the capital of Serbia.
The funds will help the Belgrade Water Company, which serves
around 1.5 million people, to increase its operational efficiency.
The loan will be awarded in two tranches, one committed
tranche of €8.5 million ($9.2 million) and an uncommitted tranche
of up to €4.5 million ($4.9 million).
The first tranche will fund water supply system improvements,
notably construction of two new pipelines that will bring water from
the Sava river to the Makis water treatment plant, the removal of
sediment from Belgrade’s main reservoir, and the relining of a raw
water transfer pipeline.
The second tranche, which will be released following a feasibility
study and due diligence work, will be used to refurbish the Makis I
water treatment works.
The general manager of the Belgrade Waterworks and Sewerage
Company, Svetozar Veselinovic, told press: ‘This is a very important
project for the Belgrade Water Company. We are pleased to have
the EBRD finance these investments because we see the bank as
our long-term partner. This project will enhance our capacity to
deliver services of a high standard.’ ●
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Indicators for transferring WASH
project management in Nepal
In Nepal’s water and sanitation sector there is a lack of clearly
defined indicators to check the readiness of both a new system to
be transferred to a utility, and the utility to accept the responsibility
of its management. In order to support this process, a set of
indicators has been developed in order to provide a framework
for stakeholders. RAJEEB GHIMIRE reports.
ince its establishment, the
Department of Water Supply and
Sewerage (DWSS), has been providing key input into the development
of water supply and sanitation programmes throughout Nepal.The
DWSS is a government department,
consisting of a nationwide network
serving all kinds of settlements, from
urban and semi-urban to rural areas.
DWSS provides services through its
five regional, 48 divisional and 22 subdivisional offices spread throughout the
country. In partnership with the facility
operators (Water Users and Sanitation
Committees (WUSCs)), DWSS strives to
meet the increasing demands for water,
sanitation and hygiene (WASH) in a
socially equitable way without compromising the environment. DWSS is faced
with limited financial and human
resources, and must balance cost recovery
with the delivery of reliable services to
the existing population, while expanding
to meet growing demands.
In Nepal the majority of water supply
systems are managed byWUSCs. For
each project area, there is oneWater
Users Association (WUA), which is a
legal entity. Every household that has a
water connection to that system is represented in theWUA by one member.This
member has a voting right.ThisWUA,
through its general assembly, elects nine
or 11 members (of which at least 33%
should be female) for three or four-year
periods, depending upon the constitution
of thatWUA.This executive body is the
WUSC, which has an office.The number
of office staff depends upon the size and
financial capacity of the system.Apart
from the responsibility of daily office
administration and O&M of the system
theWUSC determines the tariff, mobilises resources and regulates the service
quality. In this sense theWUSC has the
unique role of owner, service provider
and regulator itself. In Nepal,WUSCs
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serve populations of all sizes.TheWUSC
members’ posts, including the chairman,
are voluntary; they do not get any form
of salary for their work.
DWSS implements most of theWASH
projects on a cost sharing and cost recovery basis with theWUSCs.The cost
contribution from aWUSC ranges from
20% of the capital cost in rural areas to
50% in urban areas.The contribution can
be in the form of cash, kind and labour.
After completion the projects are handed
over toWUSC to be managed.
Though there is community participation at every stage of project cycles, in
Nepal the majority of water utilities
suffer from a number of interrelated
institutional weaknesses, such as inadequate cost recovery, which is compounded by a low customer base and limited
physical coverage, dilapidated physical
infrastructure, high levels of unaccounted-for water, low skill levels of staff and
poor customer relations, among others.
Although the coverage of water supply
services in Nepal is 83.59%, these weaknesses result in a reduced functionality.
A recent status survey of nearly 38,000
projects across Nepal, which is published
by the National Management
Information Project (NMIP) of DWSS,
shows that only 25.4% of these projects
are fully functional (Table 1).
The high level of failure in water
supply systems is both surprising and
shocking to policy makers as well as
implementers.This result was not anticipated as the widely acclaimed best practice tool ‘community management’ was
used as the key approach.This report
made us think ‘There is something
wrong!’.The NMIP report recognised
that the majority of communities either
are not able to manage their systems for
some reason, or not motivated enough
to manage the system.
It was found that the high level of
system failure is due to:
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Kathmandu, the capital of Nepal. With financial and
human capacity constraints, the Department of
Water Supply and Sewerage must balance cost
recovery with the delivery of reliable services.
Credit: Kanata / Shutterstock.

• Limitations in the capacity of the
WUSC: these include a failure to
generate sufficient tariff income, a
failure in account transparency, and a
lack of capacity for preventative and
curative maintenance.
• Limitations in the system’s condition:
these include poor design, inadequate
pressure, low flow and velocity, faulty
pipe sizes, etc.
The root cause of these limitations should
ideally be assessed and resolved before the
management transfer. However, there is
haste from the user’s side to use water
from the new system.WUSC members
also want to have the recognition of
completing the project and DWSS wants
to transfer management as soon as possible so that it can focus its resources on
other projects elsewhere. Because of these
circumstances, even when the all of the
parties tend not to be prepared for it, the
transfer of projects takes place, which
means that for the first two or three years
the system runs efficiently, but after this
problems begin to surface.This is mostly
due to a lack of understanding among
WUSCs, contractors and DWSS with
regards to what constitutes actual readiness for management transfer.
This poses a question: Does nobody
know how to ensure that projects are
actually ready for handover / takeover?
There is confusion amongWASH
professionals in Nepal about when these
community managed project should be
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considered ready for management transfer.The confusion has developed from
present practices not being clear. For
instance, a contractor considers a project
to be ready when all the construction
work is completed; for engineers it is
when there is water flowing in pipes; for a
WUSC it is when it actually gets the
authority to manage the system; for users
it is when they get water in their tap; and
for DWSS it is when all physical progress
is achieved.
Indicators
A series of indicators have therefore been
developed, starting with the most common and very basic conditions usually
encountered by water utilities in Nepal.
To develop the indicators the most
frequent and obvious problems which
WUSCs are currently facing were first
identified, then the root cause of those
problems were analysed.Types of interventions suitable to minimise that cause
were then identified, and lastly indicators
are suggested to check that achievement.
The indicators so developed (Table 2)
mainly assess: whether aWUSC’s capacity
is at a high enough level to take over the
system (readiness ofWUSC’s capacity);
and whether a water supply system’s
condition is good enough for the
WUSC to accept (acceptability of
system’s condition).
Issue 1: Reduced functionality
When the system is handed over to the
WUSC for the first two or three years
the system runs smoothly then problems
surface.As in other part of the world the
WUSCs of Nepal also face problems such
as low pressure, low flow, low velocity,
and unequal water distribution in the
system.
The main cause of this problem is
when a system is not checked to see if it is
meeting its designed value; the contractor
just constructs the components and lays
the distribution pipes as set in the engineering design, and after completion the
system management is quickly transferred
and nobody is willing to check if the
system is delivering services as it should.
To solve this, the system should be
checked and if service parameters, e.g.
pressure, flow, velocity and valves openings etc. do not meet the engineering
design then they should be calibrated
so they do. Similarly, components like
treatment plants also need to be checked
to see that they are delivering water as
expected.The following methods are

applied:
• Calibration of components (e.g.
treatment unit) for its output parameters
• Calibration of water distribution
network for its residual pressure,
discharge, velocity, and pipes diameter
• Calibration of valves
• Recording of GPS locations of each
node, valve and structural component
The responsibility of system calibration
rests with the contractor, who should
calibrate the system in close coordination with the design and supervision
consultant.
Measurement of intervention (Indicator 1):
System is calibrated
The object of this indicator is to get
nearly 100% service output as set in the
design.This indicator indicates the status
of the system in which the system delivers the exact parameters as set out in the
engineering design.The water supply
system calibration refers to the iterative
process of the system adjustment which
aims to deliver the services as per system

WUSCs deliver public services, so
therefore there should be service
delivery standards for their operation.
output parameters as described in design
report. Sample checking at strategic
locations ensures this indicator. 90% of
the sample checking should result the
exact design values at that point.
Issue 2: Worsening water quality
When a water supply system first begins
operation, users generally experience
water quality problem for some period,
including seeing dirt in their water and
suffering from diarrhoeal disease even
though the water is treated.This weakens
consumer confidence in the system.
This problem happens because during
construction of project pipes are laid and
dirt and debris are cleaned from inside
the pipes but they are not sterilised.
Similarly, components like tanks are
also just simply cleaned with water.
When first put online, new distribution
systems and structural components
should be sterilised to kill bacteria. Shock
chlorination is one of the most popular
methods for sterilising pipelines and
system components.The following
methods are applied:
• Inspection and repair of distribution
systems and components

• Chemical sterilisation and rinsing:
calculate the total water volume in
structures and distribution systems,
determine time frame or ‘method
exposure’, add the correct amount of
chlorine, sterilise the system and finally
flush before use
• Post-sterilisation maintenance
• Encourage shock chlorination even
for plumbing in residential and
commercial buildings
The responsibility of sterilisation rests
with the contractor.
Measurement of intervention (Indicator 2):
System is sterilised
The objective of this indicator is to
sterilise the distribution pipes, structures
and other system components.This
indicator indicates that the water system
has no bacterial contamination. Sample
checking for bacteria at strategic locations ensures this indicator has been met.
Issue 3: Inefficiency in WUSC operation
WUSC members are elected from the
community and do not require any
special qualification or prior experience
of water supply system operation. Even
DWSS has not recommended any qualification and experience for office staff of
WUSCs.The system is managed by the
community, which means that they do
not have enough financial strength or
capacity to employ qualified technicians,
resulting in theWUSC employing less
competent persons. Moreover,WUSCs
always prefer to employ staff from within
their own community.Although a
WUSC has a strong motivation to run
the system, the staff have to run it with a
great deal of inexperience.
Consumers therefore have difficulty
in understanding office processes and the
office bearers, administrative staff, technical staff and operators are not familiar
with their job.This problem arises
because the majority ofWUSCs in Nepal
are not aware of any process and service
delivery standards.This problem is mainly
due to the absence of working directives
and service standards.
WUSCs deliver public services, so
therefore there should be service delivery
standards for their operation.These
service delivery standards should be
documented and be made available to
consumers for transparency purposes.
These process standards will support a
WUSC in achieving a certain standard
and uniformity in office management.
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Table 1: Functionality of water supply and sanitation systems in Nepal
S.N.
1
2
3
4
5
6

Functional status
Fully functional
Requiring minor repairs
Requiring major repairs
Requiring improvement and extension
Requiring rehabilitation
Dead projects

Percentage
25.4
36.1
9.2
19.8
8.6
0.9

(Source: Nationwide coverage and functionality Status of Water Supply and Sanitation in Nepal,
DWSS/NMIP, October 2014)

ThoughWUSCs have inexperienced
members and staff, they could be trained.
So, the interventions in this case can be
thought of in two aspects: developing
standard documents; and training with
regards to these documents.
Developing standard documents
These documents refer to the total
quality management of the system
and can be referred to as being ‘Water
Operators Standard (WOS)’ documents.
TheWUSC initiates the development of
these documents and can ask for technical assistance from DWSS, but should
lead the process of their development.
Examples of such documents are:
• Defining objectives: quality manual,
quality policy, quality objectives,
quality records
• Process regulation: control of
documents, control of records, internal
audit, control of nonconforming
products, corrective action,
preventive action
• Standard Operating Procedure (SOP):
SOPs for valve opening, reservoir
cleaning, pump operation, treatment
plant operation, meter calibration and
replacement, water sampling, electrical
repairs, workplace safety, energy audit,
water audit, etc.
• Contingency plans: contingency plans
for power failure, high turbid events,
loss of system pressure, injury to workers, pressure relief valves overflowing,
loss of head in filtration, etc.
Training for the documents
There are two types of documents in
particular of interest: one is developed
byWUSC itself and other covers SOPs
developed by contractors. If aWUSC
has sought technical assistance from
DWSS to develop the first kind, then the
training wing of DWSS, the National
Water Supply and SanitationTraining
Centre (NWSSTC), will provide
training toWUSC members and staff.
For specific SOPs the supplier /
contractor / manufacturer will
provide onsite training.

The following methods can be applied:
• WOS documents are developed by
WUSC in close consultation with
the experts from DWSS
• NWSSTC provides orientation
training to theWUSC members and
its office staff, but for particular operating process documents (e.g. SOP for a
treatment plant, etc.) the concerned
supplier provides training at the site
itself
• This quality document is owned and
followed by theWUSC
Measurement of intervention (Indicator 3):
WUSC’s ‘Water Operators Standard’ document
is in place and WUSC’s members and office
staff are trained for it
The objective of this indicator is to
standardise and regulate office operation.
This indicator indicates the total quality
management of system operation. If the
quality management system document
is in place and members and office staff
have participated in the training onWOS
organised by DWSS / NWSSTC then
this indicator is ensured.
Issue 4: Financial health deterioration
During the election ofWUSC members
they generally promise not to increase the
water tariff.After management transfer
the government does not provide any
financial support from public expenditure.This poses a serious threat to the
financial health of the system. Being a
small community system,WUSCs do
not have any other financial sources
beyond tariffs and do not have the skills
to generate funds.
Therefore,WUSCs do not have enough
resources for its daily administration and
O&M of system.This problem is mainly
due to the lack of a document which
describes the vision, objectives, strategies
and programmes, which would support
financial sustainability.
WUSCs should have a business plan
for at least the next ten years.The business
plan is necessary to fix the water tariff,
service expansion, staff motivation, etc.
The main purpose of a business plan is
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to define what the business is or what it
intends to be over time. Clarifying the
purpose and direction of the business
allows understanding of what needs to
be done in future for forward growth.
This document should generally have: an
engineering plan, which determines the
capital investment required; a customer
service plan, which determines the number of service connections and collections; an administrative plan, which
determines the increase or decrease of
staff and administrative costs; and a financial plan, which determines revenue,
income and expenditures.The following
methods can be applied:
• NWSSTC provides orientation
training to aWUSC’s members and its
secretariat to develop a business plan
• The business plan is developed by
WUSC in close consultation with
the experts from DWSS
• This business plan is owned by
theWUSC
The responsibility of preparing business
plan rests with theWUSC. It may request
technical assistance from DWSS.
Measurement of intervention (Indicator 4):
WUSC’s business plan is in place
The objective of this indicator is to make
the future business of the system predictable.This indicator is a roadmap for
future growth. If a business plan is in
place, this indicator is ensured.
Issue 5: Dignity and health is
compromised
Open defecation is a major problem in
Nepal, which has direct consequences on
health and dignity.The use of a hygienic
toilet is best practice, yet lacking in many
parts of Nepal.The recent report published by NMIP / DWSS shows that only
70.28% of the Nepalese population are
using a toilet facility.A project should
promote the construction of toilets and
behaviour change.
Open defecation is due to many
reasons, such as cultural practice and
being resistant to change.
The NMIP 2014 data on sanitation
coverage and number of houses without
toilets in the different districts of Nepal
indicates the urgent need to launch a
focused campaign in every service area.
The following methods could be applied:
• Finding the barriers and bottlenecks
• Focused campaigns
• Improving financial access
• Constructing toilets
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The responsibility of constructing toilets
in project area rests with theWUSC.The
WUSC may ask DWSS for technical and
financial assistance.
Measurement of intervention (Indicator 5):
Access to and use of sanitary toilets by all
in a project area
The objective of this indicator is to
increase access to sanitation.This indicator
shows the ODF (open defecation free)
status of a service area. Physical observation of toilet construction and use by all
in the service area ensures this indicator.
Issue 6: Project information is lost
During a hasty management transfer, a
WUSC will not be much concerned with
project documents, so this information
gradually fades from the memory of
WUSC members and after many years
when there have been lots of changes
to project features and there are new
WUSC members this information is
completely lost.
SometimesWUSC members who
lose the election do not want to share
information, or they will even be unable
to find the exact route of a pipeline, the
location of valves etc.This is simply due
to ignorance and a lack of understanding
with regards to the usefulness of project
information.
The handover of a project to the client
at the end of construction is a very
important stage of the project procure-

ment process.A well organised, efficient
and effective transfer of information from
project works to the client is essential.The
following methods could be applied:
• Prepare the documents which contains:
licenses, certificates and registrations;
warranties, insurance, reporting and
claims; defects liability period –
maintenance; and project costs
• Prepare ‘as built’ information
and drawings
The responsibility of preparing and
handing over the project completion
documents rests with DWSS.
Measurement of intervention (Indicator 6): Project
completion document is handed over to WUSC
The objective of this indicator is to keep
the project information up to date.This
indicator indicates the transparency in
information sharing. If aWUSC has
project handover documents in its office
or library then this indicator is ensured.
Approval of readiness-acceptability
For management transfer, even if the
system is ready for all these six indicators,
the question naturally arises as who will
approve this state of readiness-acceptability. In prevailing practice, there is no
separate entity to approve the readinessacceptability of management transfer.
Though the involved parties; DWSS,
WUSC, NWSSTC, contractors, design
and supervision consultants, etc. can

themselves check the readiness-acceptability of management transfer for each
indicator and mutually agree upon it, it is
always good to have this process monitored by an independent third party.This
third party can be an expert consultant
or DistrictWater supply and Sanitation
Coordination Committee (DWASHCC)
or even aWUSC from another project.
Conclusion
In Nepal, although water supply coverage
is at 83.59%, only 25.4% of water supply
systems are functioning as expected. The
majority of water utilities are operated by
WUSCs, which can suffer from a number
of interrelated institutional weaknesses.
There are several possible causes for these
weaknesses, one being overly hasty in
project handover / takeover.The projects
are transferred without checking the
readiness of theWUSC or the acceptability of the system’s condition. Ensuring that
the six readiness-acceptability indicators
discussed above are in place will be a good
starting point towards the smooth management transfer, and in turn sustainable
operation and maintenance of the system
byWUSCs.●

About the author:
Rajeeb Ghimire is a WASH engineer.
Email: Rajeebghimire@gmail.com
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Applying the NRW Change Management Index to
a Brazilian utility
Brazilian water and sanitation utility CAGECE has for the last decade been implementing a programme
to reduce its non-revenue water, and to meet even stricter targets the company decided to implement a
Change Management Index. MONIKA KONATAR, JOSE FRANCISCO PONS AUSINA and LUIZ CELSO BRAGA PINTO discuss this
management tool, which will assist CAGECE in lowering its NRW to <20%.
AGECE is the main water and
sanitation utility of the State
of Ceará in the Northeast of Brazil.
The company was founded in 1971
as Limited Liability Company, and
the state government controls it.
Nowadays, the company provides
water services to 150 cities and settlements, operates 228 water systems

C

encompassing approximately 1.5
million water connections, 783 water
treatment plants, and over 10,000km
of distribution mains.
The biggest water system is located in
the capital of the state, Fortaleza, and
serves around three million people.As a
regional service provider, CAGECE has
12 ‘business units’ which operate the

systems in different geographic sectors of
the state. In 2013, CAGECE’s turnover
was US$400,000, which put the company
amongst the biggest in Brazil. In recent
years it has received several national
awards and certifications, including the
National Award of Quality in Sanitation
and the ISO 9001 certificate.
As early as 2005, CAGECE introduced
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Figure 1: Management make up
a dedicated programme in order to reduce
non-revenue water (NRW) (Wyatt et al,
2012).As a result of these efforts, total
NRW was reduced to 24.75% at the state
level, which is significantly below the
Brazilian national average of 37.57%1.
Although CAGECE’s NRW figures are
considerably lower compared to other
water utilities in the country, the company wants to go further and reach a NRW
of <20% at the state level by 2016.
Aware of the fact that something different must be done to further the current
approach, CAGECE is open to new
technologies and knowledge to achieve
its goal of becoming a national and international leader in water loss management.
In this endeavour, the company’s management has recognised that further reduction of NRW requires approaches that go
beyond the upgrading of technical infrastructure to also focus on the institutional
dynamics of the organisation.This is why
CAGECE’s management became interested in the ‘NRW Change Management
Index’ (Konatar, 2013) developed by
MACS – a German consulting company,
committed to smart tools in the water and
energy sectors. CAGECE found that the
tool was complementary to the company’s view of the water loss management
and invited MACS to apply the Index to
CAGECE, which took place April and
May 2014.
The NRW Change Management Index
concept
MACS has designed the Change
Management Index (CMI) as a goaloriented management tool, which helps
to plan and manage performance assessments while monitoring the progress
towards the reduction of NRW.
A key feature of the NRW CMI
is a systematic evaluation of water
utilities with respect to their ‘readiness’
to make good use of NRW reduction
programmes. It thus helps monitor and

manage progress within a given water
utility.
The MACS CMI builds on experience
gained from working with many water
utilities, mainly in emerging economies.
While working on many water projects,
MACS learned that dealing with operational problems such as a high NRW level
must not just be limited to the evaluation
of operational indicators.While operational parameters are certainly important
variables with regard to overall performance monitoring, institutional developments can also be crucial for improving
the quality of water supply and sanitation
services. MACS’ experience has proven
that such an approach can contribute
significantly to the achievement of
extended service hours and lower leakage
levels, thus affecting both the availability
of water services to end-users and the
utility’s financial sustainability.The advantage of integrating institutional indicators
in the performance monitoring is that it
opens up the possibility to indicate more
precisely what a programme is accomplishing and whether results are being
achieved. Moreover, it provides water
utilities with information that enables
them to allocate resources and efforts
more effectively.
The NRW CMI specifically focuses
on the combination of both technical
(including commercial) and institutional
dimensions in one effective application.
On the one hand, this allows for the
consolidation of technical performance
indicators, which are important for the
reduction of water losses and the efficiency of network maintenance and operation. On the other hand, the CMI
captures performance indicators for key
employees at all levels of the organisation,
with a particular focus on staff attitudes,
performance and skills. By combining
these two dimensions, the NRW CMI
provides a holistic picture of a utility’s
NRW management approach, thus over-

coming existing shortcomings of onedimensional technical NRW audits.
The CMI incorporates four main
categories of technical indicators:
• Water balance – gives the bigger
picture of NRW within a utility; helps
utility managers to understand the
magnitude, sources and cost of NRW,
thus providing an input for reduction
strategies.
• Target setting – defines an appropriate NRW strategy for the utility, based
on existing human, technical and
financial resources.
• DMAs strategy – divides a water
supply system into smaller, hydraulic
independent zones; NRW management
strategies can be more easily targeted
and implemented based on a DMA
approach; faster results for NRW
actions can be achieved.
• NRW monitoring – provides insight
on the operational and financial performance efficiency of water utilities;
allows to track and analyse the results of
ongoing NRW reduction programmes;
contributes important input for the
utility’s benchmarking programme.
These four categories were selected
following the InternationalWater
Association’s (IWA) approach to NRW,
along with existing technical literature on
the topic and relevant MACS understanding and experience.The values for the
technical area indicators reflect the degree
of implementation of procedures, which
sets the path for sustainably reducing
NRW.These values are based on verifiable
operational performance figures derived
from the utility’s records.
The institutional area combines indicators from the three organisational levels:
senior management, middle management
and operator level. In fact, these indicators
measure a combination of attitudes,
behaviour and skills, which can be
considered crucial determinants carrying
success at each organisational level:
• Communication / interaction –
includes an appropriate communication
pattern, interaction with co-workers

Table 1: Screening of the middle management level – communication / interaction category by indicators
Communication
/ Interaction

Readily shares information and provides assistance
Interacts with co-workers and other departments by having regular meetings
Seeks input from colleagues within team and other departments
Understands and works towards group goals and objectives
Demonstrates proficient written and verbal communication/presentation skills
Reports are consistently clear and accurate
Total (Weighted) score
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Exceptional
Improvement needed
Improvement needed
Exceptional
Exceptional
Exceptional
75.00%

WATER LOSS

Figure 2: Technical section of the NRW CMI by categories and in total for CAGECE,
based on the results from Fortaleza and Juazeiro do Norte

•

•

•

•

•

•

•

•

and other departments, and encompasses the areas of adaptability
Personal behaviour – addresses how
the employees behave in the workplace, including working as team
players
Planning and organising – includes
anticipation of needs for use of time
and other resources to consistently
meet or exceed requirements for
timeliness; work goals are consistent
and set on time
Decision making – looks beyond
short-term results; properly assesses
situations and determines the correct
course of action
Quality and quantity of work –
completes quality and quantity of
work as required and on time; accepts
responsibility for successes and failures
Leadership – assumes an innovative
approach that improves current performance; models behaviours that guide
and focus the effort of others; acts as a
role model
Delegation – superiors assign certain
responsibilities along with the necessary authority to subordinate staff
Initiative / creativity – makes
suggestions regarding working procedures; encourages innovation and is
receptive to new ideas and procedures,
accepts responsibilities
Technical knowledge (job specific)
– includes application of methods,
procedures and principles an employee
must know; demonstration of required
abilities to meet the responsibilities of
the specific position

The values for the institutional indicators
are derived from semi-structured interviews with a defined sample of utility
employees from different levels of the
company’s hierarchy, combined with
observation of employees during their
everyday work. By carrying out comprehensive observations, the staff ’s attitudes
to change as well as formal and informal
relationships within the company can be
monitored.The choice of indirect observations instead of formal structured
interviews was made, as the latter could
potentially create tensions and increase
fear and resistance to change.
MACS defined scales for each of the
indicators and assigned weights to the

different categories. Both areas – technical and institutional – are weighted
equally under the assumption that both
are playing an important role in controlling water losses.
The higher the value of the Index
(Max =1), the more an NRW
programme will lead to the desired
results. On the contrary, lower values of
the Index should lead decision makers to
be sceptical regarding achievable results.
The overall Index thus reflects the current status of the utility within a programme of operational change, in this
case regarding the reduction of NRW.
In addition, the Index can be evaluated
over a period of time (at defined intervals) and thus provides an insight on the
effectiveness of a water utility’s strategy
towards NRW.
Application of the CMI to CAGECE
The NRW CMI was applied in two
cities: Fortaleza, the capital of Ceará;
and Juazeiro do Norte, the third biggest
city in Ceará, located in the South of
the State.
Following the above methodology,
available quantitative and qualitative data
was collected and the management’s
decision making processes were assessed.
On top of that, O&M staff capacities and
working procedures were evaluated and
assessed. Over the course of the assessments, different categories, such as
‘actions regarding NRW’ or staff
‘perception, attitude and skill’, were
examined at all organisational levels.
In Fortaleza, the following departments

and units have been visited and interviewed:
• GEPES – Gerência de Pessoas
• GEFAR – Gerência Faturamento
e Arrecadação
• GEREM – Gerência de Relação com
Cliente e Mercado
• GCOPE – Gerente de Controle de
Perdas e Eficientizacao Energética
• UN MTEL Unit
• UN MTS Unit
As for Juazeiro do Norte (UN BSA
Unit), the following departments and
units have been visited and interviewed:
• CAGECE/ENOPS Equipe de
Pesquisa deVazamentos
• Supervisor do ‘Water Balance’
• Gerente de Conserto deVazamentos
• Supervisor Comercial
The values for the technical area are
based on verifiable operational performance figures that are derived from the
CAGECE SISCOPE Software (Braga
Pinto, 2012).
As the assessment period was short
(four weeks in total), opportunities to
observe staff during their everyday work
were limited.That is why information
gathered during interviews was mainly
used for institutional analysis.
In total, seven senior managers were
interviewed as well as members of four
leak detection teams (including middle
managers and operator level staff).
Although the sample size was small
compared to the size of the company, it
still provided a good indicator of the
status of water loss management, particularly when considering that CAGECE
has clear targets, procedures and regulation resulting in a company-wide
approach for water loss control.

CAGECE leakage team

WATER UTILITY MANAGEMENT INTERNATIONAL • JUNE 2015 • 9

WATER LOSS

Figure 3: Technical section in total and by categories – comparison between
Fortaleza and Juazeiro do Norte
In order to get a detailed overview of
staff competences and training, the HR
department was included in the assessment.This provided a more detailed
insight into how CAGECE staff2 are
assessed and trained and what human
resource development policies are in
place.
The overall result of the institutional
area divided into the main organisational
levels is presented in Figure 1.The individual scores sum up to a total of 90.93%,
which reflects both a very good workforce performance as well as a high level
of commitment to the company. Only
the following two minor factors reduced
the score of an overall good institutional
result:
• A lack of communication between
departments relevant to water loss
reduction leads to a certain deficit in
synchronisation and coordination of
technical and commercial operations.
Although the technical and commercial departments share information via
the SICOPE software, actual communication and face to face meetings are
limited. Besides the information management system, procedures foresee
no further active communication or
coordination.
• A lack of skills and knowledge amongst
some of the contractors’ staff, which
diminished the total score of the operator and middle management level.
However, the contracted companies
worked under the supervision of
qualified CAGECE permanent

employees, so although they cannot be
directly trained by CAGECE, they can
learn on the job from their highly
qualified colleagues.
Table 1 summarises the above mentioned
factors.The relatively lower score on
these components was nevertheless
compensated by high scores in the other
components, such as delegation of activities, quality and quantity of work done,
personal attitude and leadership.
For the technical area, Figure 2 shows
the total score of 58. 9% (average of both
Fortaleza and Juazeiro do Norte) divided
by the main technical categories.
Although CAGECE has a good technical
approach towards managing water losses
based on the IWA methodology, the
results indicate that in order to reach
the top level on the four categories, the
company needs to further improve.The
results of each category on the respective
studied service areas (Urban Fortaleza
city and Countryside Juazeiro do Norte)
are presented in Figure 3.
The few differences in the scores for
Fortaleza and Juazeiro do Norte were
due to the following reasons:
• In theWater Balance category,
Fortaleza received more points due to
the higher percentage of tested individual water meters in a four-year period.
This sub-category included in the
Water Balance is recommended by
IWA literature.
• In theTarget Setting category there are
slight differences when observing the

budget allocation. In the case of
Fortaleza, the yearly budget for NRW
activities is fully implemented. In
Juazeiro do Norte however, where a
budget for NRW measures is allocated,
not all funds are spent as planned on
water loss control measures.
• Regarding target setting, a different
perception was noticeable when talking about training for the teams
involved in the control of water losses.
In Juazeiro do Norte managers thought
that some of the teams working on
NRW issues should be more highly
trained.This refers mainly to staff not
employed directly by CAGECE, but
by contractors on behalf of CAGECE.
• With respect to the NRW monitoring
category, the units in Fortaleza
achieved 100% of the NRW target in
the analysis period, while Juazeiro do
Norte only managed to reach 75% of
the reduction target.
With the main differences in the scoring
of both cities presented, it makes sense to
individually explain each category to
determine the weight of each of the
categories and the potential for improvement.
Water Balance
The first category of the technical part of
the CMI is scored to a maximum of 25%
of the total technical part (12.5% of the
total CMI assessment).The score is
determined by the following five
indicators:
• Bulk water meter accuracy checked on
a yearly basis
• Household meter accuracy tests on a
four-year period
• Billing cycle factored into NRW
calculations
• Water balance / comprehensive
overview preparation
• Water balance / comprehensive
overview confidence limit

Table 2: Screening of the Target Settings category
Target Setting

NRW base level definition
Accepted economic level of NRW calculation
NRW target level is defined
Prioritisation of NRW reduction components
Budget allocation guaranteed
NRW team/work flow procedures implemented
ALR strategy implemented
Total (Weighted) score
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Defined
Defined
Defined
Commercial + physical loss
components defined
Yearly budget is allocated,
financing 100% of measures
Team trained, equipped,
procedures implemented
Weekly
92.50%

Defined
Defined
Defined
Commercial + physical loss
components defined
Yearly budget is allocated
Team appointed, procedure developed,
equipped, in training phase
Monthly
67.50%

WATER LOSS

Figure 4: The NRW Change
Management Index in total
In this and the following category all of
the studied indicators are borrowed from
the NRW management methodology
recommended by IWA.
For CAGECE, the scoring in this
category amounted to about 22%, mostly
due to deficiencies in the metering tests
policy.At the moment of the study, bulk
meters were not checked on a yearly basis
regarding their accuracy. Furthermore,
the household meters sample to be
checked for accuracy was not representative of all the meters used.
Target setting
The second category is scored by seven
indicators, which can amount to a maximum of 23% of the total of the technical
part (11.5% of total of the CMI).The
indicators are:
• NRW base level definition
• Accepted economic level of NRW
calculation
• NRW target level is defined
• Prioritisation of NRW reduction
components
• Budget allocation guaranteed
• NRW team / workflow procedures
implemented
• ALR (Awareness, Location and Repair)
strategy implemented: basis of the
Active Leakage Control (ALC)
The scoring obtained in this category was
18.40%.The lowest scored indicators
leading to this low percentage were the
guarantee on the budget allocation as
well as the NRW teamwork flow and
procedures. Furthermore, the score
suffered from shortcomings in the budget
allocation.Although there is a yearly
allocation, not all units were able to use
the funds to cover 100% of the measures.
Furthermore, while in some units the
NRW team seems to be trained and well

equipped, in other units, these teams are
still being trained.Table 2 summarises this
category’s scoring.
The indicator for evaluating the ALC
strategy also did not score the highest, as
the calculations were carried out weekly
or even monthly, rather than daily as
recommended.
DMA approach
The third category scoring was estimated
by using a set of six indicators:
• Hydraulic model preparation
• DMA criteria definition
• Physical DMA establishment
• Monitoring of all DMAs
• Physical loss reduction measures
for all DMAs
• Commercial loss reduction measures
for all DMAs
Based on our experience this category
is crucial to establishing a control programme for water losses in a utility.
Therefore, the scoring for the DMA
approach is the highest in the technical
section, with 35% of the weight (17.5%
of the total CMI).
The low score in this third category
(4.38%), which greatly decreases the score
of the technical section, results from the
lack of DMA implementation, which
is a limiting factor for a better technical
NRW management in the utility.
However, CAGECE is aware of the fact
that dividing the network into DMAs
would considerably improve the control
of NRW.Table 3 shows the scores in this
category.
The first indicator – ‘hydraulic model
preparation’ – was only in the early stages
of development. However, in our understanding, modelling the DMA establishment and simulating the evolution of the
flow in the network in comparison with

theWater Balance, is one of the main
steps to establish or improve a NRW
control programme at the utility.
Before the study, CAGECE had
prepared two projects for the physical
implementation of DMAs in Fortaleza
and Juazeiro do Norte, but it was
not known when they would be
implemented.
NRW monitoring
The final category has a weight of 17%
within the technical section and 8.5%
within the total CMI.The indicators for
this category are:
• Define system categorization and
selection of appropriate indicators
• ILI (Infrastructure Leakage Index) &
ALI (Apparent Losses Index)
calculation (Alegra et al, 2006).
• NRW target follow up review /
reporting
• NRW target fulfilment
The NRW monitoring reached a total
scoring of 14.24% for the following
reasons.The NRW target ‘follow up
review / reporting’ is done on a semiannual basis, instead of the recommended
monthly billing cycle basis.It was also
noted that 100% of the NRW target
fulfilment in some units was not achieved
during the analysis period, as can be seen
inTable 4.
Having said that, we would like to
point out that the weighting of each
category was based on our experience
and knowledge, supported by specialist
literature. Nevertheless, the process of
weighting is an ongoing and open
process, which can be adjusted by acquiring new experiences, by testing the CMI
in other utilities and also by consulting
new technical studies within the same
field.
Within technical literature agreement
exists that controlling NRW is one of
the most important management issues
in emerging countries. Some of the
methods for leakage control, which are

Table 3: Screening of the DMAs Approach category
DMA approach

Hydraulic model preparation
DMA criteria definition
Physical DMA establishment
Monitoring of all DMAs
Physical loss reduction measures for all DMAs
Commercial loss reduction measures for all DMAs
Total (weighted) score

Digital information is available
model in preparation
Criteria for DMA’s establishment
defined

Digital information is available
model in preparation
Criteria for DMA establishment
defined

No action
0 components implemented
0 components implemented
12.50%

No action
0 components implemented
0 components implemented
12.50%
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Table 4: Screening of the NRW Monitoring category
NRW monitoring

Define system categorisation and
selection of appropriate indicated
L1 + AL1 calculation
NRW target follow up review/reporting
NRW target fulfilment
Total (weighted) score

mentioned in the specific technical
literature, have been consulted for the
proposed weighting.
Consistent with what has been presented for the technical section of the CMI,
we do believe that the process of building
a mathematical model and the establishment of DMA should have a high weight
with regard to the implementation of a
NRW control programme.A proper
hydraulic model is key for leakage management, as is can be used to conceptualise network zoning (Awad et al, 2009),
pressure managing planning (Burrows et
al, 2003), leakage modelling as pressuredependent demand (Almandoz et al,
2005) and even to analyse the night flow
using the leakage hydraulic modelling
and simulation (Cheung and Girol,
2009).
Total NRW CMI of CAGECE and
conclusions
Summarising the results of the technical
and institutional areas, the total NRW
CMI of CAGECE of 74.91% is presented
in Figure 4.
The results reflect a very good performance of CAGECE concerning water
loss management.The high scoring in
the institutional part indicates not only
effective NRW management, but also
shows that CAGECE has already taken
the institutional dimension of change
seriously.The technical part of the Index
has scored somewhat lower, mainly due
to the absence of DMA implementation.
However, as CAGECE has recognised
the importance of this concept, a higher
technical scoring can be expected in
the future.
The application of the NRW CMI at
CAGECE has once again confirmed the
advantages of using a holistic approach to
NRW management. Even for well performing utilities the structured scoring of
the CMI can help the top management
to identify shortcomings and possible
improvements. For CAGECE three
factors have been highlighted: first the
implementation of DMAs will help the
utility to better focus on critical parts of
the network, second the training of
contractor’s staff will enhance the efficiency of active leakage control and third

L1/L2/L3 selected

L1/L2/L3 selected

Both, on a billing cycle basis
Semester basis
100% of analysis period reduction achieved
90.00%

Both, on a billing cycle basis
Semester basis
75% of analysis period reduction is achieved
77.50%

the introduction of effective face to face
communication between the technical
and commercial departments will lead to
better coordination and integration of
technical and commercial measures.
Eventually the application of the NRW
CMI enabled CAGECE to define an
integrated action plan, which comprises
engineering and human resources measures.This can lead to an interaction of
technical and organisational changes,
which will contribute to achieving the
company’s goal of reducing NRW figures
to below 20%, so it eventually can
become a national and international
leader in water loss management. ●
Notes
1

Perdas de água: entraves ao avanço do saneamento básico
e riscos de agravamento à escassez hídrica no Brasil.
www.slideshare.net/TrataBrasil/estudo-trata-brasilperdas-de-gua-entraves-ao-avano-do-saneamento-bsico-eriscos-de-agravamento-escassez-hdrica-no-brasil (in
Portuguese)
2
CAGECE has 1370 employees and 3004 contracted
staff (12/2013)
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BENCHMARKING

Uncertain benchmarking of Nigerian water utilities
Benchmarking is a comparison of firms according to some
performance measure. The techniques used for benchmarking can
give different results and there is often uncertainty about which
technique to apply. ALEXANDER DANILENKO and L JOE MOFFITT discuss an
info-gap approach to benchmarking under uncertainty, which has
been developed and applied to Nigerian water utilities.

Alexander Danilenko

enchmarking is a comparison of
firms according to some performance measure.There are many
approaches to benchmarking and
the development of new techniques
is an active area of research.The
techniques used for benchmarking
can give different results and there
is often uncertainty about which
benchmarking technique to apply.
This paper develops an info-gap
approach for this circumstance and
applies it to Nigerian water utilities
across three broad categories of technique: scoring, mathematical programming and statistical regression.Analysis
in all categories of technique draws
upon the International Benchmarking
Network forWater and Sanitation
Utilities (IBNET) database.Aside from
interest in the empirical findings for these
utilities, the aim is to better recognise the
uncertainty that surrounds the choice of
benchmarking technique.

B

Benchmarking under uncertainty about
technique
This section draws upon info-gap decision theory (Ben-Haim 2006; 2010) as a
foundation for pursuing benchmarking
under uncertainty about technique. In
this circumstance, robustness to technique
characterises good benchmarking.The
focus here is on what amounts to model
selection of the most challenging kind
where models are not only not nested but
also possibly unrelated analytically.A
statement of the problem is as follows:
assume that there is a true description of
the relative performance of utilities in the
water sector.There are n benchmarking
techniques under consideration for
determining the relative performance of
the utilities. One of the benchmarking
techniques under consideration yields
results closer to the true relative performance than the other techniques, but we
do not know which one.We refer to the
n benchmarking techniques under con-

L Joe Moffitt

sideration by the set B = {B1, B2, . . . ,
Bn}.
Pursuit of a robust measure of relative
performance in this situation can be
formalised as follows. Let | | and P( )
denote cardinality (number of elements)
and power set (the set of all subsets),
respectively. In this case, the info-gap
uncertainty model is a set, U(α) with
elements denoted by u, defined by:
■

■

U(α) = {h ∈ P({B1, B2, . . . , Bn}):
| h | ≤ α}; α = 0, 1, 2, . . . , n
(1)
that is; U(α) is the set of all subsets of {B1,
B2, . . . , Bn} with cardinality no greater
than α. Note that the uncertainty model
exhibits the key, defining info-gap property of being a family of nested sets since
α < α´implies that U(α) ⊆ U(α´). In this
uncertainty model, the info-gap ‘nominal’ model, U(0), which summarises
existing information about the validity
of the benchmarking techniques is the
empty set; i.e., existing information does
not point us toward any particular benchmarking technique.
The info-gap system model provides a
quantitative comparison of a vector r =
(r1, r2, . . . , rK) to a measure of relative
performance of the K utilities in the
water sector where the latter is denoted
by a vector s = (s1, s2, . . . , sK). Specifically,
we compare a depiction of relative performance, r, to s by root mean square
error (RMSE); viz.,
(2)

An info-gap approach to benchmarking under uncertainty
has been developed and applied to Nigerian water utilities.
A tank at Bauchi Water Authority, Nigeria.

RMSE is commonly used for comparisons in forecasting. However, other
measures of difference could be used here
if desired.We describe an acceptable
difference between the measured relative
performance s and r by (S*). Note that in
the language of info-gap decision theory,
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Figure 1: Histogram of volume of water sold, 2013

and operating cost coverage ratio. Each of
these criteria is rated on a scale from zero
to two, and then a total score is provided
as the sum of the individual criteria
scores.
The APGAR score is constructed using
the following formula:
APGAR = 0;if water supply coverage ≤ 75
1; if 75 < water supply coverage ≤ 90
2; if water supply coverage > 90
+ 0; if sewer coverage ≤ 50
1; if 50 < sewer coverage ≤ 80
2; if sewer coverage > 80

(3)

The interpretation of α(r) is that the
robustness of r is the largest number of
benchmarking techniques that yield
results within S* of r when RMSE is
used for comparison. If all of the n
benchmarking techniques under consideration characterise relative performance
of the utilities very similarly, then any
one of the techniques could be used for
benchmarking.The other techniques
would concur in characterising the
utilities’ relative performance, even for a
low value of S*.The more difficult case is
that where the benchmarking techniques
characterise relative performance in the
water sector differently, and, of course, the
correct characterisation is unknown. In
this case, the robustness espoused by infogap decision theory becomes the key to
benchmarking.The most robust relative
performance, r*, then solves:
α (r)
>

Maximise
(r)

(4)

and will be directly related to the value
chosen for S*. In practice, S* will not be
exogenous, but rather will be determined
as the smallest value that can enable an
increase in α to the next higher level of
robustness.
A procedure for approximating the
most robust relative performance, r*,
given n relative performance vectors of

length K, (b1, b2 , . . . , bn), generated by
different benchmarking techniques, is as
follows.At uncertainty α = 1, select any
one of the bi as the most robust relative
performance setting S* = 0.At uncertainty α = k > 1, the number of k-tuples
of relative performance vectors under
consideration is n!/(k! (n - k)!). Evaluate
RMSE for each of the k!/(2(k - 2)!) pairs
of vectors in each k-tuple and select the
k-tuple, where the largest RMSE
between pairs, RMSE(bi, bj), is smallest.
Select provisionally (bi + bj)/2 as the most
robust relative performance, r*, with S* =
RMSE(bi, bj)/2. Confirm that RMSE((bi
+ bj)/2, bh) ≤ S* for all h ≠ i, j. In this
way, a value of S*, r*, and α(r*) will
be obtained.
>

>

S* is the performance requirement.
Denote the relative performance of the
water utilities following from application
of benchmarking technique, Bi , by bi
with individual elements denoted by bik.
With this notation, the info-gap robustness function is given by:

Benchmarking by scoring
Scoring assigns points to different attributes of a water utility to achieve an overall
measure of performance for each utility.
A number of different scoring techniques
can be applied.The APGAR score originated in the field of medicine where it
was devised in 1952 by DrVirginia Apgar
as a simple method to assess the health
of newborn infants. For performance
benchmarking, an APGAR-like score
can be assessed to measure the health of a
water utility. Most benchmarking focuses
exclusively on the financial and operational performance of a water utility.Yet,
in many countries, the performance of a
utility is not only judged on these criteria, but also on how well they deliver the
services to the population, including the
poor, in its service area.A number of
indicators, which provide insight into the
utility’s operational, financial, and social
performance, can be scaled and summed.
APGAR indicators defined by van den
Berg and Danilenko (2010) are: water
supply coverage; sewer coverage; nonrevenue water; affordability of water and
wastewater services; collection period;
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+ 0; if non-revenue water ≥ 40
1; if 10 ≤ non-revenue water < 40
2; if non-revenue water > 10
+ 0; if affordability > 2.5
1; if 1.0 < affordability ≤ 2.5
2; if affordability ≤ 1.0

+ 0; if collection period ≥ 180
1; if 90 ≤ collection period < 180
2; if collection period < 90
+ 0; if operating cost coverage < 1
1; if 1 ≤ operating cost coverage < 1.4
2; if operating cost coverage ≥ 1.4
The APGAR score can describe relative
performance on the [0, 1] interval by
dividing it by the highest score in the
sample.Advantages of APGAR include
offering relatively easy computations to
evaluate the score as well as offering the
capability to acknowledge very diverse
attributes in gauging a utility’s performance. Disadvantages include the subjective nature of the scoring formula.
Benchmarking by data envelopment
analysis
Data envelopment analysis (DEA) is a
popular non-parametric approach to
measuring the relative efficiency of
firms, referred to in the related literature
as decision making units, in an industry.
The approach originated in Charnes et
al. (1978) and has been applied in many
studies.An important assumption underlying the basic approach is that of constant returns to scale.A number of
extensions of the basic DEA approach to
accommodate various alternatives to its
assumptions have been presented in the
decades since the appearance of the
seminal paper.
The basic DEA approach measures the
efficiency of water utility k in an industry
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of K utilities as the optimal value of the
objective function found by solving a
maximisation problem. In the following
maximisation problem yik is the amount
of the ith of m outputs produced by
utility k, xjk is amount of the jth of n
inputs used by utility k, and the maximisation is over the m + n nonnegative,
choice variables, ui and vj:
Maximise

(5)
≤ 1; k=1,2,..., K

where ui, vj ≥ 0;i = 1, 2, ..., m;j = 1,2, ..., n
The efficiency of each of the K utilities is
estimated by varying k in the objective
function over k = 1, 2, . . . , K. Collecting
the optimal value of the objective function for each value of k yields a partial
relative efficiency ranking of the utilities
over the [0, 1] interval with a ‘1’ signifying an efficient utility.An efficiency
frontier can be associated with observations from the efficient utilities.A
transformation of variables can permit
evaluation of efficiency for each utility
as the solution to a linear programming
problem.
An important advantage of DEA
relative to statistical regression techniques
is that it does not require specification
of a functional form relating multiple
outputs and inputs as parametric statistical techniques do. Similarly, specification
of distributions for stochastic model
components is avoided. DEA does not
necessitate the subjectivity involved in
scoring though subjectivity may be
present in selection of what are regarded,
for example, as multiple outputs.An
important limitation of DEA is its
sensitivity to randomness in sample
observations; the potential of which is
ignored in the basic DEA approach.
Benchmarking by statistical regression
A number of different approaches to
benchmarking are permitted under the
banner of statistical regression. Several
approaches relate to the economic
concept of a production function as
providing maximum output for an input
combination. Early work in this field by
Aigner and Chu (1968) enables relative
efficiency to be assessed in a manner
similar to DEA. Extensions of the basic
approach to accommodate alternatives
to its assumptions have been presented

in the decades since the appearance of
their paper.
Assuming a parametric form for utility
k’s production function given by yk =
f(x1k, x2k, . . . , xnk; β) with parameter
vector β, the relative efficiency of water
utility k in an industry of K utilities can
be measured as the ratio of its output to
its estimated maximum output.The ratio
is given by
yk / f(x1k, x2k, . . . , xnk; β)
>

Subject to

Figure 2: Histogram of length of distribution network, 2013

can be used as a relatively flexible form
for f(X1k, X2k, . . . , Xnk; β) (see e.g.,
Alhabeeb and Moffitt, 2013).
An important advantage of some
statistical regression-based techniques
for benchmarking is their foundation
in widely-known economic production
and statistical concepts. Important disadvantages include the need to specify
parametric forms and complications
associated with multiple outputs.

(6)

where yk is the amount of output produced by utility k, xjk is amount of the jth
of n inputs used by utility k, and the
parameter vector β is estimated by solving
Minimise

(7)

Subject to

The CES production function

(8)

Results and discussion
Observations on the variables contained
in the APGAR formula for 2013 on 35
Nigerian water utilities contained in the
IBNET database were used for analysis.
The APGAR score was determined and
converted to relative performance on the
[0, 1] interval by dividing the basic score
by that of the highest scoring utility. Data
gaps existed for some variables for some
utilities in the APGAR formula.Table 1
shows relative performance as measured
by APGAR for 26 utilities in its second
column, labelled ‘APGAR’.
Histograms of the data underlying
both the DEA and regression analyses
are shown in Figures 1-3.Water volume,
network length, and staff size are used
to represent output, capital, and labour
inputs, respectively. DEA and regression

Figure 3: Histogram of number of staff, 2013
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Table 1: Relative Performance,
Nigerian Water Utilities, 2013

Table 2: Most robust relative performance, Nigerian Water Utilities, 2013
Utility

Utility
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

APGAR
0.83
0.67
0.83
0.67
0.67
0.50
1.00
0.67
0.50
0.67
0.33
0.50
0.67
0.67
0.33
0.50
0.83
0.33
0.50
0.67
1.00
0.67
0.83
0.67
0.33
0.33

DEA
0.16
0.23
0.44
0.40
0.20
0.28
0.15
0.05
1.00
0.07
0.32
1.00
0.31
0.03
0.07
0.13
0.24
0.15
0.02
0.02
0.02
0.07
0.23
0.03
0.04
0.04
0.12
0.07
0.13
0.27
0.04
0.06
0.02
0.36
0.11

REG
0.17
0.15
0.29
0.26
0.20
0.34
0.15
0.04
0.56
0.06
0.32
0.98
0.29
0.02
0.06
0.13
0.11
0.04
0.02
0.02
0.01
0.06
0.23
0.02
0.03
0.03
0.01
0.06
0.11
0.09
0.04
0.05
0.02
0.20
0.08

frontiers along with data points are
shown in Figures 4 and 5, respectively.
Relative performance is shown in the
third and fourth columns ofTable 1,
labelled ‘DEA’ and ‘REG’, respectively.
As shown inTable 1, both DEA and
regression (REG) approaches suggest
that two utilities, 9 and 12, exhibit
greater production efficiency than all
others, though the extent differs
markedly for one of the utilities.All other
(33) utilities are cast as very poor relative
performers by both benchmarking
techniques.The message conveyed by
both DEA and REG techniques is one of
a two-tiered water sector with dramatic
performance inequality between a
very small top tier and a very large
bottom tier.
Despite data gaps, the APGAR score
seems to suggest much different relative
performance across the sector than the
other benchmarking techniques.
Differences in relative performance
do not exhibit nearly as much inequality
as those determined by techniques

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

S* =0.00
r ∈ {APGAR,DEA,REG}
α(r) = 1
0.83
0.67
0.83
0.67
0.67
0.50
1.00
0.67
0.50
0.67
0.33
0.50
0.67
0.67
0.33
0.50
0.83
0.33
0.50
0.67
1.00
0.67
0.83
0.67
0.33
0.33

S* =0.05
r =((DEA + REG)/2)
α(r) = 2
0.17
0.19
0.37
0.33
0.20
0.31
0.15
0.05
0.78
0.07
0.32
0.99
0.30
0.03
0.07
0.13
0.18
0.10
0.02
0.02
0.02
0.07
0.23
0.03
0.04
0.04
0.07
0.07
0.12
0.18
0.04
0.06
0.02
0.28
0.10

focused on production efficiency.
Moreover, the ‘high flying’ relative
performers according to APGAR are
not those identified by the other
benchmarking techniques.
Table 2 shows a robust measure of
relative performance, r, as determined
using the algorithm described in the
second section. Relative performance,
which is relatively close to both DEA and
REG, is shown in the third column of the
table and shares in their characterisation
of the sector’s relative performance.
Moving to an even more robust measure
of relative performance means founding
the measure on all three benchmarking
techniques.The most robust relative
performance is shown in the fourth
column of the table, and despite data
gaps, suggests overall less performance
inequality in Nigeria’s water sector than
the other measures. Of course, the price
paid to lay claim to a broader analytical
foundation for a measure of relative
performance is a larger info-gap
performance requirement.
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S* =0.27
r =((APGAR + REG)/2)
α(r) = 3
0.50
0.47
0.52
0.51
0.41
0.53
0.66
0.35
0.32
0.39
0.19
0.26
0.34
0.37
0.28
0.26
0.43
0.18
0.26
0.37
0.55
0.36
0.44
0.35
0.27
0.21

Concluding remarks
If there is uncertainty about which
benchmarking technique is most suited
to a particular industry and if the measures of relative performance generated
by different techniques send different
messages, then an attempt to broaden the
base of measured relative performance to
multiple techniques may be warranted.
This paper has made an effort toward this
goal by founding a relative performance
measure on info-gap decision theory.
An interesting aspect of some of the
robust relative performance measures
described here is the absence of relative
performance measured by a ‘1.00’ in
some cases. It would seem that any measure of relative performance would
exhibit one or more firms at the top of
the spectrum. However, this seems to
depend on having complete confidence
in a particular technique or else having
unanimity across techniques as to the
status of a particular firm.When there is
disagreement about the status of a particular firm across different benchmarking

BENCHMARKING

techniques, we seem to be in a special
category of relative performance where
relativity is both to firms and benchmarking techniques. ●
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ASSET MANAGEMENT

Optimising the asset management of water
treatment plants
Water treatment plants often represent an asset portfolio of considerable value operating over several
decades. The owners of such facilities, who delegate their management, legitimately want to obtain
a ‘good price’ with the assurance that the assets entrusted are conserved in line with expectations.
With three key indicators based on the economic, technical and organisational performance of a
water treatment plant, it is possible to assess the maintenance policy implemented. JEAN-PIERRE HANGOUËT,
ZOUBIR AÏT MANSOUR and BÉNÉDICTE GUY discuss this approach and how it allows for the definition of the best
quality to price ratio in the call-for-tender phase.
egrémont operates 250 water
treatment plants, providing 20
million people with drinking water
and treating the wastewater they
produce.This activity, which is

D

distributed across more than 20
countries, involves responding to
customer requests about a wide
range of technical and contractual
situations.

However, regardless of the context, the
same question is almost invariably asked
by our customers:‘What condition will
the plant that I entrusted to you be in
when you hand it back at the end of our
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• Suggest effective, realistic
improvement actions
To ensure the topic is covered as comprehensively as possible, we selected three
key indicators:
• Economic performance
• Organisational performance
• Technical performance
Economic performance indicator
For such an approach, an economic
indicator is essential.We chose the one
most frequently used by the profession,
namely the E1-type ratio, as defined by
the standard NF EN 15341 of June 2007:
DuPont

BOB USA

BOB Europe

BOB Japan

Total maintenance cost
Equipment replacement value

Figure 1: Maintenance cost (% of replacement value) of the best (‘best of the best’) maintainers (1986)

contract?’
This question highlights legitimate
concerns, particularly when the contract
is awarded to the lowest bidder. In this
case, the customer may fear that this
service provider will seek to save money
to the detriment of conserving the assets
entrusted.The issue is how to objectively
measure the quality of the service provided and the contractual compliance.
The optimisation of maintenance costs
(preventive maintenance, as well as repairs
and replacement) is essential because
these costs represent a substantial part
of the overall operating costs of a water
treatment plant.When a contract is
awarded, if these costs are overestimated,
there is a risk that the provider will lose
the call for tender due to a lack of competitiveness, and a risk for the customer,
who selects the existing provider anyway
and spends more than necessary.
Conversely, if the costing is underestimated, the provider takes the risk of working
at a loss and the customer risks seeing the
condition of its assets deteriorate in the
event that the provider does not perform
everything required to limit expenditures.
To avoid such a risk, some customers
try to protect themselves by means of
binding contractual provisions, such as the
imposition of a predefined replacement
programme.This type of provision,
though understandable, is not satisfactory.
Indeed, many factors come into play, and
these are interdependent. For instance, the
replacement policy cannot be separated
from the maintenance policy, which is
itself affected by operating methods, not
to mention inevitable contingencies.The
establishment of predefined programmes

is actually paradoxical, or at the very least
a barrier to implementing an optimised
policy.
The issuee thus has to have tools that
can adapt the management of assets as
many times as required.This implies
building a relationship of trust based
on transparency through shared tools
and methods.
This article presents the Degrémont
approach, which aims to:
• Provide the most accurate costing for
maintenance services (neither too
much nor too little)
• Have basis for comparison across the
various sites operated, in order to share
best practices and implement improvement actions
• Ensure that the asset management
policies implemented meet the
expectations of the customers who
own the facilities
Assessing the efficiency of a
maintenance policy
In order to assess a maintenance policy,
a multitude of potential indicators are
available.The issue is knowing which key
indicators to select.The aim is to avoid
choosing too many, so as not to lose
decision makers through information
overload.As the saying goes ‘too much
information kills information’.
This limited number of indicators
should still provide ample food for
thought to:
• Compare different sites around
the world
• Establish the most objective
diagnostic possible
• Identify best practices

18 • WATER UTILITY MANAGEMENT INTERNATIONAL • JUNE 2015

Note:We chose not to select an economic
indicator that was based on maintenance costs
compared to production (€/cubic metre treated,
€/tonne of waste produced, etc.) because our
plants implement processes that use very varied
equipment (treatment of drinking water, water
treatment plants, etc.) for which a comparison of
results would not have been relevant. However,
this type of indicator is useful when monitoring
the change over time of maintenance costs for
the same plant, particularly when production
levels vary significantly.
The indicator we selected has long been
used to compare different industries and
to identify the most efficient. In the
1980s, a study conducted on behalf of Du
Pont de Nemours showed that the world’s
best maintenance policies (BOB: Best Of
the Best) could help achieve a ratio of
between 2 and 4% (see Figure 1).
We calculated this indicator based on
water treatment plants that we operate
and on others where we are asked to
work as part of our consulting missions.
Figure 2 shows the results obtained for
nine water production or treatment plants
in seven countries. For these water treatment plants we can see that the economic
performance indicator varies between
7.5% and 13.7%, and that the highest
performer, with a rate of 7.5%, is streets
ahead of the best identified in the frame
of the study conducted for Du Pont de
Nemours.
In order to explain this difference, in
addition to the thirty years that have
passed since this study, we identified three
main reasons.
Source of difference #1: Maintenance of
the sites studied may be optimised. By
definition, a maintenance policy can be
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improved – and the sites studied, especially those with a rate higher than 10%,
doubtless have much room for improvement.Among the highest performers,
further improvements can surely also be
made. Nonetheless, there are other reasons for the sizeable difference observed.
Source of difference #2:This economic
indicator is subject to inaccuracies. One
need only to begin calculating this indicator to see that it is not as simple as it
seems. Indeed, there are several causes of
uncertainty. For example, regarding the
denominator, the value of equipment
installed and its updated figure are not
always easy to obtain. Regarding the
numerator, analytical accounts are not all
structured in the same way, and as a result
the ‘recovery’ of costs is also an approximate value.
Finally, although the method used to
calculate the E1 indicator is mentioned in
the standard, we cannot be sure that the
parameters taken into account are strictly
comparable from one study to another.
For example, in our calculation, we
chose:
• To exclude the value of civil engineering,
tanks and pipelines that generally
account for about 50% of plant costs. In
fact, since electromechanical maintenance actions have a particularly substantial impact on equipment, we
considered it was necessary to focus on
them. In addition, this in fact makes the
indicator more sensitive.
• To include the replacement cost of
equipment in the total maintenance
cost. In water business lines, there is
often a distinction between ‘maintenance’ and ‘replacement’.We considered that this distinction, which may
make sense for contractual reasons,
do not from a technical point of view.

but not sufficient.To fully understand the
effectiveness of a maintenance policy,
other factors must also be taken into
account, such as the organisation’s
propensity to achieve performance and
the quality of service rendered.
Organisational performance indicator
Principles
In order to assess the economic performance of an organisation in terms of
maintenance, it is important to examine
the context in which it operates.This
context depends on site-specific internal
and external factors, which vary according to the contract in force and resources
available.
For instance, in terms of available
resources, in developed countries the
maintenance team has easy access to a
skilled workforce. It has all the specialist
subcontractors it requires to hand, and
there is a reliable supply of spare parts. In
some developing countries, skilled workforce and nearby subcontractors are
scarce, and the supply of spare parts can
be uncertain.Thus, in developed countries, the use of skilled but smaller teams
who frequently call on subcontracting is
often preferred, while in developing
countries, teams trained on site tend
to be more numerous, working in a
more self-sufficient way.
Regarding the type of contract, teams
have a flexibility allowing them, to a
greater or lesser extent, to implement an
optimised policy. For instance, concerning replacement, some teams implement
their own policy at their own ‘risk’, while

in other contracts, this policy is supervised to a suitable degree, and in some
cases is even excluded.
It is therefore evident that depending
on the ‘country’,‘contract’ or other type
of context, the resources available are
different.The developed strategies must
be adapted accordingly and the potential
for overall performance will change from
site to site.
The purpose of this organisational
performance indicator is to analyse the
propensity of the organisation maintaining the site in question to achieve performance given its environment, the type of
contract in force, the staff available, the
organisation in place and the tools and
methods used.
To calculate this indicator, a questionnaire composed of 50 questions is given
to a minimum of three respondents who
are interviewed separately (the plant
manager, the ‘internal supplier’ maintenance manager and the ‘internal customer’ operations manager).The expert
in charge of calculating this indicator
attributes a score out of 100 after a final
joint discussion with all respondents,
allowing them to fine-tune their answers.
Examples of results
This method, applied to the sample of
water treatment plants presented in the
previous chapter, gives the result shown
in Figure 3.Although the best-performing sites from an organisational standpoint are also the best-performing
economically (plants A and B), this
graph does not demonstrate any clear

Figure 2: Maintenance cost (in % of the replacement value) of nine water treatment plants

These two choices, which increase the
value of the numerator and decrease that
of the denominator, may explain the
relatively high values we obtained when
compared to the Du Pont de Nemours
study.This shows that it is possible to
compare different sites against one another, provided that the study is conducted
using the same calculation methods and
by the same assessing entity.Any comparison that does not meet at least both these
criteria is likely to lead to erroneous
conclusions.
Source of difference #3: This economic
indicator is incomplete. In order to
relevantly compare different organisations, the economic approach is necessary
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Table 1: Plant conservation matrix

Plant condition (%)

Plant conservation

Plant age (as a % of lifespan)
New
Recent
(< 20%)
(20 - 50%)

Mature
(51 - 100%)

75% conservation

Excellent (> 75%)
Good (51 - 75%)
Adequate (26 - 50%)

Old
(> 100%)

50% conservation

25% conservation

Inadequate (< 25%)

correlation between the two indicators.
It is true at this stage that we have not
taken into account the effective result of
the maintenance policy expressed by the
technical performance as described
below.
Technical performance indicator
Principles
This indicator aims to assess the plant’s
conservation level in order to better
understand the overall performance level
of the maintenance function, alongside
the organisational performance and
economic performance indicators.
The plant’s conservation level is
defined as the average of its age and
condition.The plant’s age is expressed
as a percentage of its lifespan.The plant’s
condition is defined as the average of the
condition of its equipment as weighted
by its value.The condition of equipment
is assessed according to the following four
criteria:
• Reliability (failure frequency)
• Performance (ability to carry out
the function)

• External signs of damage (corrosion,
leaks, etc.)
• Obsolescence (unavailability of parts,
capacity for repair, etc.)
The plant’s conservation level can be
represented according toTable 1.
This technical indicator relating to
the assessment of the plant’s conservation
is designed to prevent biased interpretations when solely the plant’s age or
condition is taken into account. In
fact, in order to determine the conservation level of a given facility, we must
consider both its age and its condition.
For example:
• A new factory in excellent condition
is only the reflection of a normal
situation, whereas a new factory in
inadequate condition is a reflection of
poor quality construction or a poor or
even absent maintenance function
• An end-of-life plant that is in
inadequate condition may be wholly
acceptable (insofar as this is the result
of a deliberate policy, since another
facility is scheduled to take over)

Figure 3: Economic performance of the treatment plants

• An old factory in excellent condition
may be the result of an excellent
maintenance function, or else of
‘excessive quality’
Thus various plant conservation
strategies may be selected, according
to the wishes of the customer who
owns the site (seeTable 2).
• Strategy 1: Plant ‘looks its age’.The
plant is maintained to an adequate
standard that is appropriate to its age,
since renewal is expected once it
reaches its life expectancy.
• Strategy 2: Plant ‘does not look its age’.
The aim is to make the plant last as
long as possible.This situation is regularly encountered at water treatment
plants whose treatment capacity and
quality still comply with requirements,
sometimes more than 50 years after
their construction.
• Strategy 3: Plant ‘looks older than its
age’.This objective, which at first
glance might seem surprising, can be
used, for example, when the plant must
operate for a limited time.This may be
the case for the treatment of effluents
from a temporary mining deposit,
whereby the amount of water to be
treated will gradually decrease. In
this case, a deliberate decision may
be made to maintain some equipment
‘insufficiently’, knowing that it will be
possible to ‘cannibalise’ part of the
plant to keep the remaining portion
in operation.
In fact, there is no right or wrong
strategy, but only strategies that are
more or less adapted to requirements
and development in the long-term.
Examples of results
Figure 4 shows the plant conservation
levels for the sample presented above.
We can see that overall, the technical
performance is influenced by the organisational performance (with the exception
of Plant I and to a lesser extent Plant B,
which are special cases explained in the
following section).
This graph highlights something that
maintainers already know; namely that
organisation has a strong impact on a
plant’s conservation level at a given cost.
Combined analysis of the three performance
indicators
We observed a strong link between
technical and organisational performance, but not between economic and
organisational performance. In Figure 3,
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Table 2: Possible plant conservation strategies
Plant conservation

Plant condition (%)

Plants C, D, E, F and G show similar levels
of economic performance (between 8%
and 10%), but a wide range of organisational performance (between 40% and
70%).
Table 3 and Figure 5 show the same
information with a colour assigned to
each plant’s technical performance.
From this, we can see that Plant I is not as
unusual as it first appeared to be. Indeed,
its sound technical performance is
ensured despite weak organisational
performance, to the detriment of economic performance.
Regarding Plant B, though its organisational and economic performance is
equivalent to that of Plant A, its technical
performance is lower. Indeed, the logic
and calculation method of technical
performance (conservation level =
average of age and condition) make
obtaining a high conservation level more
difficult for a recent plant, as is the case
for Plant B (seven years old versus 20
years old). However, we may assume that
if the current asset policy of Plant B is
pursued, it is likely that the conservation
level will automatically improve to reach
that of Plant A.
Furthermore, Plants C and D express
adequate economic performance despite
a low organisational performance, but, as
seen in Figure 4, this is to the detriment
of technical performance.At a constant
organisational performance we must
therefore reduce the economic performance of these plants in order to improve
technical performance, or at a constant
economic performance improve organisational performance so as to improve
technical performance.
Lastly, Plant A is the best-performing
plant.With the best organisational performance, and despite being 20 years old, it
obtained the highest score in terms of
both technical performance and economic performance.
Beyond this analysis of the data, we
must bear in mind that despite all the
precautions taken to ensure that these
indicators are comparable across sites
(identical calculation method, same
industry type, etc.), the quality of results
depends on the quality of available data.
Since such data is inevitably subject to
error, we must conduct an assessment
based on orders of magnitude rather than
specific values calculated.‘The art of the
engineer’ lies in being able to reason
when dealing with uncertain data.
To sum up, we can say that for a given
plant (i.e. at equivalent age) with a con-

Plant age (as a % of lifespan)
New
Recent
(< 20%)
(20 - 50%)

Mature
(51 - 100%)

Old
(> 100%)

Excellent (> 75%)
Good (51 - 75%)

2

Adequate (26 - 50%)

2

Inadequate (< 25%)

3

stant technical performance, a reduction
in cost is only possible via a prior
improvement in organisational performance. On the other hand, a prior reduction in cost without any improvement in
organisational performance may deteriorate technical performance and subsequently generate additional expenditure
in order to maintain said level of technical performance.This analysis allows for
the avoidance of making short-term
savings that generate expenditure in the
long run.
The combined interpretation of all
three performance indicators in Figure 6
shows that organisational performance is
key to sustainably improving technical
and economic performance.
Advantages and limitations of this approach
This synthetic approach has the advantage of examining the overall performance of a given site using only three
indicators, which explore three different
‘dimensions’.

3

1

During operation, it allows for the
definition of achievable and plant-specific goals, thus helping plants to progress,
and regarding tenders, to quantify the
optimum operating point depending on
the local situation.Thus, with this tool, it
is possible to quantify services that are
both profitable and competitive, to meet
customer expectations durably.
This approach is also valuable in terms
of comparing sites against one another, so
as to optimise their maintenance functions by sharing best practices. In addition, being able to benchmark facilities
with various performance levels allows
for the creation of realistic development
plans for the sites studied, using actual
‘waypoints’. However, intra-site comparison does have its limits, due mainly to the
bias introduced by the fact that in most
cases plant design differs.As such, we
must bear in mind that the best possible
comparison occurs when a plant is
studied in relation to itself, and that the
ultimate aim is to ensure that its perfor-

Figure 4: Plant conservation levels
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Table 3: Technical performance
Plant
I
A
H
F
B
G
E
C
D

Performance
Organisational
47%
79%
60%
63%
80%
65%
53%
43%
50%

Technical
79%
70%
65%
60%
57%
53%
50%
39%
36%

mance is part of a process of continuous
improvement.
We thus comply with two of the
objectives outlined in the introduction
(to provide accurate costing and to
provide elements for cross-site comparisons), but not the third – to ensure that
the asset management policies implemented meet the expectations of the
customers who own the facilities. Indeed,
this methodology is part of a survey
process with the following limits:
• These studies are ad hoc and may be
repeated regularly, but with adequate
intervals to allow time for the policies
implemented to take effect (structural
inertia of plants). However, a site needs
frequent indicators to ensure it is on
the right track, without having to wait
months or even years for confirmation,
or to spot drifts as they occur and make
the required adjustments.
• This approach lets the service provider
define an optimised policy as objectively as possible, but it means said
provider is unable to simultaneously
respond to the needs of its customer
and have an independent opinion, as it
would then be both ‘judge and jury’.

Economic
13.7%
7.5%
10.9%
9.4%
7.8%
9.4%
9.1%
8.3%
8.4%

The keys to an objective, transparent
approach
Once the customer and the contractor
are bound by a contract, it is in both their
interests to establish a relationship of trust
that guarantees successful and thus longlasting cooperation, for their mutual
benefit.To ensure that this type of
relationship is not just wishful thinking,
appropriate resources must be implemented and their effects must be
regularly measured.
The legitimate request of every
customer is to get the best possible
service at the best price.The best price
can be obtained by using a call-for-tender
procedure. However, in terms of quality
of service, the customer cannot rely solely
on the technical opinion given by its
service provider, even if said provider
is a key player in the management of
the assets entrusted.
In such conditions, a way must be
found to objectively ensure that:
• The strategy and the resources
implemented are appropriate
• The service provided allows the assets
to be maintained in the condition
desired by the customer

Figure 5: Economic performance
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The idea chosen consists of establishing
composite indicators for the plant, based
on those commonly used for equipment.
It was decided not to use an extremely
traditional indicator such as the composite output rate. In fact, the design of a
water treatment plant includes many
redundancies, so the composite output
rate is not sensitive enough at an overall
level to reflect the actual availability of
each piece of equipment. Furthermore, in
many cases, specifically the treatment of
wastewater, the quantity effectively
treated does not necessarily depend on
equipment availability or performance.
For instance, during a dry spell this
quantity may fall sharply, though this does
not call into question the quality of the
maintenance function.
Composite availability rate
The perfect solution would be an indicator that gives an objective measurement
of the level of asset conservation. It is
most likely impossible to achieve absolute
objectivity in terms of this indicator, but
given its importance, it is essential that
this be attempted.
It must also be possible to automatically
calculate and generate the indicator as
many times as required, so as to monitor
its progress and ensure the relevance of
the policy implemented.
Since the main purpose of the maintenance function is to make equipment
available for the production function, we
recommend the monitoring of a ‘composite availability rate’ (known asTDS) at
plant level.To give weight to the plant’s
strategic equipment, this composite
availability rate can be found by calculating the weighted average of the availability of each piece of equipment by its value
and level of criticality.This weighting also
makes the composite availability rate
more sensitive than a simple average.

where Di, Ci andVi are respectively the
availability, criticality and value of each
of these n pieces of plant equipment.
It should be noted that this indicator
includes two aspects:
• The plant’s conservation level (the
better the plant’s ‘condition’, the
more available it is)
• The quality of service provided by the
organisation under the maintenance
function (the more the organisation
is effective, the more the plant is
available)

ASSET MANAGEMENT

To a certain extent, it is possible to separate these two aspects by complementing
this plant composite availability rate with
two other composite indicators weighted
in the same way, namely:
• TMS ED:‘Composite average time
between two failures’
(plant conservation level):

•
•

•
•
•
•

WhereTMEDi, Ci andVi are respectively
the average time between two failures,
criticality and the value of each of these
n pieces of plant equipment.
• TMS PR ‘Composite average time to
repair’ (organisational efficiency aspect):

WhereTMPRi, Ci andVi are respectively
the average time to repair, criticality and
value of each of these n pieces of plant
equipment.
Note: because of the large number of pieces of
equipment in a given plant, it is essential to
use the plant’s information system to perform
these calculations automatically.A manual
approach would be difficult and would take
too long, since the aim is to display changes in
these indicators according to various timescales
(annually, monthly, etc.)
With these three composite indicators,
the customer and its service provider
have access to indicators and objectives
that can be automated to monitor on-site
progress in relation to mutually set objectives.The absolute value of these indicators is secondary, since there is little
likelihood that the comparison with
other sites will be relevant, given the
specific features of each of them.
With access provided to such indicators
of objective results, it then remains to set
the values to be achieved as part of a
consistent asset management approach.
ISO 55001 certification
Because each case is different, we must
adapt to every situation in order to meet
the needs expressed by all stakeholders.
When defining the corresponding asset
management policy, a framework is now
available: the ISO 55001 standard, relating
to asset management.Applicable to all
types of equipment, organisation and
culture, it offers a management system
designed to:

•

Establish a suitable mode of governance
that incorporates all stakeholders
Define the desired policy (striking a
balance between costs, risks
and performance)
Identify improvement actions as part of
a process of continuous improvement
Implement effective control
Achieve the objectives defined in the
long-term
Be audited by third-party bodies
according to a recognised framework
Etc.

Obtaining ISO 55001 certification is thus
the perfect complement to achieving
performance objectives. Under this
management system, all stakeholders can
share and monitor the asset management
policy while giving service providers the
leeway they need to best use their professionalism and experience.
The conditions are thus met whereby
the customer can rest assured that its
assets are optimally managed from a
technical and economic standpoint by
the contractor as part of a profitable and
thus long-lasting contractual relationship.
Conclusion
The approach given here shows that
practical tools are available to provide
the best ‘value-for-money’ service, which
can be verified by the customer.As a first
approach, the use of three additional
performance indicators (organisational,
technical and economic) allows the
following:
• At the call-for-tender stage, to
accurately cost the provision of
services, thus ensuring assets are
maintained in accordance with
customer expectations
• During operation, to allow
comparisons to be made across sites,
to enable sharing of best practices
and thus improve organisational
performance, which underlies
technical and economic performance
Next, the transposition of concepts
normally seen in equipment for use at
plant level, which provides customers
with a guarantee that the assets entrusted
are being maintained as desired.
In fact, the standard indicators of availability, average time between two failures
and repair may be used at plant level to
calculate composite, objective indicators
which can be automated.
Finally, the publication of the ISO
55001 asset management standard pro-

Figure 6: Summary of technical, organisational and
economic performance

vides a recognised management system to
define a strategy and objectives, and to
ensure that these are achieved as part of a
cycle of continuous improvement.
As such, it is hoped that this standard,
published in January 2014, will be widely
implemented, since it provides plantowning customers with a guarantee that
their assets are being effectively managed
by service providers chosen for their
professionalism, in connection with a
‘win-win’ relationship. ●
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US city selects UtilityTRX bill management software
● The City of Huntsville, Alabama has selected

UtilityTRX as its utility bill management and data
analytics software solution for reducing utility costs,
measuring building performance and tracking
sustainability goals on more than 100 buildings.
UtilityTRX features utility bill tracking,
bill payment processing, automated bill
audit, case management, benchmarking,
utility data analytics, rate optimisation,
weather normalised savings enterprise
reporting, metering analytics, greenhouse
gas tracking and Energy Star scoring. The
City of Huntsville is currently competing
for the $5 million dollar Georgetown
University Energy Prize and UtilityTRX
will play an integral part in providing
Huntsville its efficiency tracking reports
for that competition, says the company.
http://utilitytrx.com

Innovyze releases SCADAWatch Generation V2.5
● Innovyze has announced the release of the
V2.5 Generation of SCADAWatch – a network data
management and business optimisation tool for
water distribution.
SCADAWatch, says Innovyze, equips
utilities with the first-ever scalable framework for proactively viewing, sharing and
analysing all key water information, operational performance indicator (KPI) measures
and hydraulic and water quality data in

motion on a real-time business dashboard. It
automatically generates performance reports
and develops the optimal course of action
based on specific performance objectives.
New modelling features include the
ability to synchronise and compare
InfoWater simulation results with real-time
SCADAWatch data and create multiple
mass balance diagrams for different
pressure zones or DMAs. Users can now

colour-code based on any search result
values, create templates for frequently
used searches and dashboards, and
show tank levels in diagrams. Enhanced
dashboards of user-selected KPIs and
graphing and reporting capabilities let
them see how their water networks are
performing.
www.innovyze.com

Greater Cincinnati Water Works selects Wipro to
upgrade CRM, billing and service bureau operations

Barthauer releases latest version of
network information system

● Wipro Ltd, has announced it has been selected by US utility Greater Cincinnati
Water Works to transform the utility’s CRM, billing and service bureau operations.
Greater Cincinnati Water Works provides about 133 million
gallons of water a day (505.4MLD) to over one million people
across the states of Ohio and Kentucky in the United States.
Wipro will design, build, host and deploy a Customer Information
System (CIS) in a Platform as a Service (PaaS) model. The company
will also maintain the solution for a period of five years after the
initial implementation.
Wipro’s solution is being offered in an Opex-based, pay-per-use
pricing model, which is linked to the actual volume of customers
served by Greater Cincinnati Water Works. The CIS is based on
Oracle’s Customer Care & Billing technology platform and offers
water industry specific features for contact management, billing,
metering, account management and self-service capabilities. The
expectation is that deployment of this system will be 40 percent
more cost-effective than comparable solutions due to the shortening
of the implementation timeline as well as the reduction of transition
risks for the water works.

● Barthauer Software GmbH has released a new version of its network information system BaSYS.
BaSYS 9 improves the existing technology with the addition of
new technologies and support for spatial geometry data management. In addition, BaSYS Plan, the module for the graphical planning of distribution networks, has been entirely redeveloped and the
planning and processing functions carried over from BaSYS 8 now
feature improved, uniform and intuitive user guidance.
The user interface, Arena, has also been further developed in that
user-specific settings can be saved as individual profiles. Object
templates for creating new records enable even more efficient data
processing and the new GeoObjektDATA module enables the setup
and administration of all infrastructure objects. A CAD Import
function allows the layer-based transfer of CAD drawings to the
BaSYS database.
The company is also planning to release an initial version of
its newly developed module for the street segment in which the
street infrastructure data can be used as the basis for municipal
infrastructure management in the direct context of the underground
infrastructure.
www.barthauer.de

www.wipro.com
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