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US Bill sets out investments in research,
sustainability and development
he American Recovery and Reinvestment Act
of 2009, introduced to the US Senate on
6 January 2009, is set to provide a boost for
infrastructure investment, energy efficiency and
research and development in addition to the
anticipated jobs and stabilisation package.
The research & development elements of the
Bill provide $2 billion to the National Science
Foundation to expand employment opportunities
in fundamental science and engineering to meet
environmental challenges and to improve global
economic competitiveness, and $400 million
to the National Oceanic and Atmospheric
Administration (NOAA) for operations,
research and facilities for habitat restoration
and mitigation activities. A $350 million boost for
the Department of Defense for energy research
and development could potentially include water,
experts have said.
Project funding includes direct US
Department of Agriculture (USDA) loans for rural
water and waste disposal projects, to a total of
$1.5 billion to support an existing $3.8 billion in
grants and loans to help communities fund
drinking water and wastewater treatment
systems, though only publicly-owned treatment
works can be funded.
A $250 million package for economic
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development assistance programmes is also
likely to include water and wastewater projects.
The Bureau of Reclamation also gets at least
$126 million for water reclamation and reuse
projects and $80 million for rural water projects.
There is $1 billion in Department of Energy
grants to institutional entities for energy
sustainability and efficiency and $6.2 billion for a
‘weatherization assistance’ programme and an
$8 billion innovative technology loan
guarantee programme.
The US Environmental Protection Agency also
gets a $6 billion boost for the Clean Water State
Revolving Fund, including negative interest loans
and grants to municipalities for projects that are
on states’ priority list, of which the document
states 20% shall be ‘for projects to address
water-efficiency goals, address energy-efficiency
goals, mitigate stormwater runoff or encourage
environmentally-sensitive planning, design and
construction, to the extent that there are
sufficient project applications eligible for
such assistance.’
A further $2 billion is earmarked for the
Drinking Water State Revolving Fund, with 50%
for additional subsidies to projects that address
serious public health risks and systems most
in need.

Partnership produces ‘all hazards’ risk
management process
he American Water Works Association
(AWWA) and the ASME Innovative
Technologies Institute have announced a
partnership to develop a national ‘voluntary
consensus’ standard providing an all-hazards
risk management process for water and
wastewater utilities.
ASME-ITI is a not-for-profit subsidiary of
ASME (the American Society of Mechanical
Engineers). The standard will be based on
RAMCAP (Risk Analysis and Management of
Critical Asset Protection).
With help from the US Department of
Homeland Security, the Environmental
Protection Agency and the Water Sector
Coordinating Council, ASME-ITI has tailored the
generic version of RAMCAP so it applies to water
and wastewater utilities, and has adapted two
pre-existing risk management tools so they are
consistent with the new standard.
The standard will include protection (how to
avoid hazardous events or their consequences),
and resilience (enabling rapid return to full
function after events occur).
By using common definitions, threats, metrics
and methods to enable direct comparison of risk,
resilience and risk management benefits, the
RAMCAP standard is intended to help guide
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allocation of limited funds among utilities’
varied assets, across utilities in different
communities, and among assets in critical
infrastructure sectors.
The standard will be developed by a volunteer
committee comprising water and wastewater
utilities, practitioners, academics and the public.
ASME-ITI will act as the Secretariat and the work
will follow ASME-ITI’s procedures for standards
development.
ASME-ITI President J Reese Meisinger said:
‘We welcome the partnership with AWWA and
are eager to develop a voluntary consensus
standard for the water and wastewater sector.
The standard will build upon previously
developed RAMCAP water sector
methodology to provide a basis for enabling
utilities to make well-founded decisions when
allocating necessarily limited resources toward
risk-reduction options.’
‘The work our committee members do
will ultimately enhance our sector’s risk
assessment capabilities through a practical,
yet rigorous process,’ said AWWA Deputy
Executive Director Tom Curtis. ‘The approach
will be kept relatively simple and intuitive
while providing a sound basis for focusing on
the most critical assets at any given facility.’
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UK report encourages increased water competition
rofessor Martin Cave’s interim report into
competition and innovation in the English and
Welsh water markets sets out recommendations for
increasing retail competition in the water industry
that include substantially reducing the volume
requirements for competition and a major
restructuring of the industry.
The professor claims the measures could benefit
customers and the economy by up to £600 million
over the next 30 years and bring considerable
environmental and service improvements.
The key recommendations include introducing
legislation to allow 28,000 and subsequently
162,000 large public and private sector
organisations in England and Wales to choose their
water and sewerage retailer for the first time.
Professor Cave also recommends that the water
companies’ retail divisions should be made legally
independent from their network businesses, and
calls for a series of changes to provide incentives for
new water and wastewater suppliers to enter the
market. He also recommends reforming the access
price and introducing national access codes and
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suggests reform of abstraction and discharge rights,
possibly to include trading.
The professor also voices concern that inflexible
environmental regulation is stifling innovation,
and says he intends to commission further
research into the levels of and barriers to innovation
in the industry.
The recommendations are intended to reduce
costs and increase service levels for all customers,
the report notes. The aim is also to support more
efficient water use and help companies to better
meet the industry’s many challenges including
climate change, containing costs, rising consumer
expectations and water efficiency.
Professor Martin Cave said at the report launch:
‘Extending competition will deliver real benefits for
customers and the environment through lower
prices, more choice, higher service levels and the
better use of water.’
The final report and further recommendations,
which will take into account individual company
circumstances such as Dwr Cymru’s unique
not-for-profit position, will be published this spring.
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ADB loan for Kyrgyz Republic infrastructure
services

PUBLISHING

he Asian Development Bank (ADB) has agreed an
extra $30 million in funding for a project to
provide cleaner drinking water and better sanitation
services to 1.5 million people across four provinces
of the Kyrgyz Republic.
The community-based infrastructure services
sector project gained its original approval in 2000,
when ADB agreed a $36 million loan. The additional
Asian Development Fund grant will ensure the
project in Chui, Jalal-Abad, Osh, and Batken
provinces can be completed.
Inflation is being blamed for the need to inject
extra funds – sharp increases in the prices of steel,
cement, pipes, and petroleum products during the
project implementation period raised the average
per capita cost of constructing water supply
infrastructure to $80 from $20.
The ADB notes that climate change and drought
also limited the use of spring and groundwater near
the project areas, which meant the water pipe
networks had to be connected to distant water
sources, which increased the scale and cost of
the project still further.
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Shakeel Khan, Senior Urban Development
Specialist of ADB’s Central and West Asia
department, said: ‘Unless additional funding is
provided, many communities hoping to benefit from
the project will remain without safe water supply
and sanitation.’
So far, 118 out of 240 subprojects have been
completed. The additional funding will enable the
government to complete the remainder.
The project is rehabilitating existing systems and
building new ones to provide better living and health
conditions. The intention is also improve the sector
agencies’ organisational and managerial capabilities
– many existing systems were found to have failed
because they were poorly designed and maintained.
The project will also support the Kyrgyz
government’s ambition to reduce poverty, enable
human development and decentralise, through
communities helping themselves.
With the ADB loan approved in 2000 and the new
ADB grant, along with $16.5 million in contributions
from the Kyrgyz government and beneficiaries, the
total project cost now stands at $82.5 million.

AfDB approves water sector investment loan
he African Development Bank (AfDB) Group has
approved an €22.91 million ($31.3 million) loan
to finance phase two of Tunisia’s water sector
investment project (PISEAU II).
PISEAU II is a component of the Tunisian water
mobilisation and management strategy for 20022011, and a sequel to PISEAU I (2002-2007). The
main objective of the new project is to promote
efficient and integrated management of conventional
water resources including dams, catchment
ponds, boreholes and surface wells, as well as
non-conventional water sources – wastewater and
brackish water – to meet the challenge of water
scarcity in the country.
The project’s beneficiaries will be Tunisia’s rural
population, especially the most disadvantaged,
across the country’s 24 governorates.
The project will help improve living conditions by
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increasing the amount of irrigated agriculture and
providing a better supply of drinking water. It will
also foster adaptation to climate change. The
beneficiaries will participate in decisions about
the choice of investments for the project, and in
infrastructure management through Agricultural
Development Groups (ADGs) (for irrigation and
drinking water), which will benefit from capacity
building activities under the project.
The project promotes efficient integrated water
resources management by establishing a national
information system for water resources and
participatory management by the ADGs.
Implementation will begin in 2009 and will last five
years. The total project cost is €122.01 million
($167.6 million). The project will be co-financed by
the French Development Agency (AFD), the World
Bank and the Tunisian government.
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A simplified technical decision support tool
for the asset management of sewer networks
Prioritising actions and investments in sewer asset management should be based on
the evaluation of sewer technical performance with respect to the probability of
technical failure. Vitor Sousa, Filipa Ferreira, N. Almeida, José Saldanha Matos, José
Martins and Ana Teixeira in this paper describe a general expert decision tool
developed towards supporting operation and maintenance activities on sewers.
This tool was developed to enable the identification of critical reaches of the system, the
establishment of priorities referring to sewer cleaning and inspection operations, and
the definition of cleaning and inspection frequency. It aims to reduce the number of
structural and functional failures and, as a result, reduce the number of emergency
repairs and corrective costs.
The tool is based on a ‘failure oriented forecast’ and takes into account the following
preselected parameters and data: sewer diameter, slope, material, age and depth. The
technical decision support tool was designed and developed regarding the asset
management of the collection network explored by SIMTEJO (Saneamento Integrado
dos Municípios do Tejo e Trancão SA) and applied to the Chelas sewer system, one of
the three main sewer systems in Lisbon and in Portugal.
sset management in wastewater collection systems
comprises technical decisions as
the core of the management
activity.Technical decisions play a
decisive role on the effective
procurement, operation,
maintenance and rehabilitation of
infrastructures. It is also a key
component of complying with
changing legal and social requirements. In urban areas with large
sewer networks, the sustainability
of infrastructures largely benefits
from the implementation of an
asset management system.The
efficiency of infrastructure asset
management is largely dependent
on the use of decision support
tools to plan operation and
maintenance activities, namely
technical decision support tools.
The survey ‘Optimization of collection system maintenance frequencies
and system performance’ conducted by
Black &Veatch (1999) concluded that
the most important operation and
maintenance activities for US wastewater agencies are sewer rehabilitation,
line cleaning, closed circuit television
inspection and pump station servicing.
The Portuguese wastewater agencies,
SIMTEJO – Saneamento Integrado
dos Municípios doTejo eTrancão SA
included, also face the same challenges
with the addition of renewed demands
from increasingly stricter European
regulations.
According to theWater Research

Center (WRc 2001), sewers are
categorized into critical and noncritical depending on the economical
impact resulting from their failure. Hor
(1992) defines primary sewers as those
where failure would have impacts on
performance somewhere in the system
or where failure would have serious
economic impact.WEF (Water
Environment Federation) and ASCE
(American Society of Civil Engineers)
(1994) classify sewers into class A
(critical), B (semi-critical) and C (noncritical), depending on the ratio of the
need for preventive rehabilitation and
after-failure repair as a function of the
overall impact resulting from an
eventual failure.
The majority of the asset management strategies focus on proactive
rehabilitation of critical sewers.This
approach is recommended taking into
consideration that failures in these
sewers represent the major fraction of
the repair costs (Fenner and Sweeting
1999). Several models have been
developed to support decisions regarding proactive rehabilitation.The one
developed by theWater Research
Center is the simplest and consists of
rating the defects observed during
sewer inspections in order to obtain a

A

Table 1
Scores for the
probability of
sediment build up,
according to
diameter and slope

Slope [%]

Diameter [mm]
200-300
0
0 - 0.50
0.50 - 1.35
> 1.35

Vitor Sousa,Teaching Assistant,
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Filipa Ferreira,Assistant Professor,
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N. Almeida,Teaching Assistant, Technical
Institute of Lisbon, Portugal
José Saldanha Matos,Full Professor,
Technical Institute of Lisbon, Portugal
José Martins,Operation and Maintenance
General Director, SIMTEJO –
Saneamento Integrado dos Municípios
do Tejo e Trancão SA
Ana Teixeira,Chelas WWTP Director,
SIMTEJO – Saneamento Integrado dos
Municípios do Tejo e Trancão SA
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classification for the sewer condition.
This approach has been implemented
worldwide, despite minor adjustments
by national institutions and local
municipalities (WRc 2001; NRCCNRC 2004). More complex and
comprehensive models were also
developed with the purpose of optimizing rehabilitation solutions, taking
into account hydraulic, environmental,
social and economical constrains in the
decision process. Examples of these
models are the Burgess model (Burgess
1988), MARESS (Reyna 1993),
APOGEE (Macgilchrist and Mermet,
1989),Aflak model (Aflak 1994),
PIPES (Lim and Pratti 1997),
RERAUVIS (RERAU 1998) and
CARE-S (CARE-S 2005).
Non-critical sewers tend to be
managed reactively because it has
proven to be economically unviable to
conduct periodical inspections in these
cases (WRc 2001). However, noncritical sewers represent the largest
portion of drainage collection systems.
These type of sewers usually consist of
smaller diameter pipes, often laid at
slack slopes, and experience serviceability problems like siltation, protruding connections, infiltration, fat
deposition, encrustation and root
Score

315-500
≤0
0 - 0.25
0.25 - 0.70
> 0.70
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600-900
≤0
0 - 0.12
0.12 - 0.30
> 0.30

≥1000
≤0
0 - 0.08
0.08 - 0.225
> 0.225

10
8
5
1
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Figure 1
Minimum velocity
evolution with
diameter (adapted
from Butler et al.
2003)

infestation, that tend to have a disproportionate effect on their performance.
Consequently, they may be more prone
to functional problems such as blockages, clogging, odour impacts and even
collapse.As the service connections are
usually linked to these sewers, the social
consequences of failures (functional
and structural) may also be significant.

conducting efficient inspections and
for adequate performance of the
infrastructure as a whole.
The present decision support tool
designated MOSIMO (Modelo
simplificado para optimização da
Operação de sistemas) (SOUSA et al.
2007;VEIGAS et al. 2007), aims to
assist in the implementation of
Figure 2
Minimum slope
evolution with
diameter (adapted
from Butler et al.
2003)

Therefore, wastewater agencies face the
challenge of starting to deal proactively
with these sewers (Fenner and
Sweeting 1999).Additionally, there is a
growing demand for conducting
periodical sewer inspections in order to
comply with legislated requirements,
(e.g., most states in Germany require
that inspections of the total sewer
network are performed once every ten
years (Baur and Herz 2002)).This has
led to the development of models to
assist decisions regarding the selective
inspection of sewers, namely AQUAWertMin (Baur and Herz 2002) and
SCRAPS (Hahn et al. 2002).
Tool design and development
General aspects
The implementation of the existing
models relies on the existence of
information about the sewer
condition, which is obtained primarily
from inspections results. In Portugal,
information regarding the sewer
systems is often scarce, dispersed and, in
several cases, incorrect. Nevertheless,
there is a need to implement proactive
strategies towards managing such
systems: sewer systems managers should
optimize inspection plans of pipes and
manholes due to the strong economical
constrains and performance requirements of these infrastructures.There is
also a growing need to optimize the
operation activities, especially sewer
cleaning, which is essential for

proactive management plans in
situations of scarce or nonexistent
information regarding the condition
and performance of the system. In
Material / age

Score

Cement based (> 30 years)
Cement based (≤ 30 years)
Stoneware / Cast iron
PVC/HDPE/PP (> 15 years)
Vitrified clay
PVC/HDPE/PP (≤ 15 years)
PVC/HDPE/PP Corrugated

10
9
6
5
4
2
1

order to establish priorities, the tool
evaluates the probability of failure or
unacceptable performance of sewer
reaches using a 1 to 10 scale.The results
can be determined by applying the
following general expression:

where:
E = evaluation result (1 to 10);
K = correction factor, taking into
account the knowledge about the
system (higher than 0);
Si = score of performance parameter i
(0 to 10);
Wi = weighting of performance
parameter i (0 to 100%).
The probability of unacceptable
performance is evaluated taking into
account two sets of performance

Table 2
Scores for
durability,
according to
pipe material

parameters: i) hydraulic performance
parameters, indicating the probability
of clogging/blockage (related to
self-cleansing), and ii) structural
performance parameters, accounting
for the probability of structural
collapse (related to durability and
structural resistance, mechanical and
chemical actions).
Hydraulic performance parameters
Sediment built-up
Sediments are a source of numerous
sewer problems, in particular blockage
and clogging, which are in the highest
priority category in terms of operational performance (Ashley et al. 2000;
Ashley et al. 2004). Sediment accumulation in sewers depends upon several
parameters, including; flow velocity
and relative water depth; concentration, nature and density of the solid
particles present in the wastewaters;
fluid properties (density and viscosity),
and sewer characteristics (size, shape
and roughness) (Kleijwegt 1992; May
et al. 1996; Butler et al. 2003).The
minimum velocity criteria was
adopted to evaluate the probability
of sediment build-up.
According to EN 752:2008 (the
European Standard for planning,
design and operation of drain and
sewer systems), self-cleansing of small
diameter drains and sewers (less than
DN 300) can generally be achieved by
ensuring either that a velocity of at
least 0.7 m/s occurs daily, or that a
gradient of at least 1:DN is specified.
Whenever the discharge is low, the EN
752:2008 recommends the use of
slopes up to 1:DN/2.5. For larger
diameter drains and sewers, higher
velocities may be necessary, particularly
if relatively coarse sediments are
expected to be present. Portuguese
legislation (DR23/95 1995) requires,
as a general rule, a minimum flow
velocity of 0.6 m/s for domestic sewers
and 0.9 m/s for combined and storm
sewers, which corresponds to the limits
recommended by American Society of

Table 3
Scores for the
probability of
failure, according
to pipe diameter

Diameter

Score

>1600
900-1600
600-900
315-500
200-300

1
3
5
8
10

Civil Engineers (1970). In the UK, the
BS 8005 establishes minimum velocities of 0.75 m/s and 1.0 m/s for storm
and combined sewer, respectively.
Table 4
Scores for
structural collapse,
according to
sewer depth
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Depth [m]

Score

> 5.5
2-5
<2

10
1
7
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Table 5
Scores for the
probability of
abrasion,
according to pipe
diameter and slope
Figure 3
Abrasion
resistance of
different pipe
materials (adapted
from RIB LOC 1999)

Table 1 defines classes of different
probability of sediment build-up in the
sewers’ invert, which is directly associated with selfcleansing velocities.Table
1 was developed considering the
relationship between diameter, slope
and flow velocities for halfpipe conditions.The higher sediment build up
probability (score = 10) corresponds to
negative slopes, while the minimum
probability (score = 1) corresponds to
velocities over 1.5 m/s. Intermediate
scores relate to flow velocities lower
than 0.9 m/s, and between 0.9 m/s and
1.5 m/s.The classes were defined by
taking into account the results
obtained by Arthur et al. (2008), which
indicate that combined sewers are
more prone to blockages due to
sediments than the domestic ones, as
well as pipes with slopes below 1:DN,
flow velocities inferior to 1.0 m/s and
a diameter smaller than 225 mm.The
difference between combined and
separate systems was not considered
since, in practice, most systems in

Table 6
Scores for the
probability of
corrosion

Corrosion

Score

Forced main upstream
Probability of sediment build-up score of 10
Probability of sediment build-up score of 8
Probability of sediment build-up score of 5
Probability of sediment build-up score of 1

10
8
6
3
1

Portugal are combined or semiseparate due to the existence of a
significant number of wrong

Table 7
Weighting of the
tool parameters

Parameter

Weights [%]
Inspection
Cleaning

Material / age
Diameter
Sediment build up
Abrasion
Depth
Corrosion
Section reduction
Manhole with drop
Manhole with retention

20.0
10.0
20.0
10.0
35.0
5.0
-

15.0
15.0
40.0
15.0
15.0

Slope [%]

Diameter [mm]
200-300
> 15.00
5.25 - 15.00
1.35 - 5.25
≤ 1.35

Score
315-500
> 7.50
2.75 - 7.50
0.70 - 2.75
≤ 0.70

connections both in stormwater
and domestic systems.
The limits inTable 1 were calculated
using the Manning-Strickler equation,
considering the value of 80 m1/3/s for
the empirical coefficient Ks, which
corresponds to the average of the range
recommended by EN 752:2008.
It must be acknowledged that the
use of the minimum velocity criteria
leads to the overdesign of small sewers
(diameter less than 500 mm) and larger
sewers, with respect to sedimentation
(Arthur et al. 1999; Nalluri and Ghani
1996). It was observed that, for larger
sewers, the critical bed shear stress is the
best indicator for self-cleansing
conditions.Typical values for the
minimum shear stress are in the range
of 1-4 Newton metres (N)/mm2, but
values of 6-7 N/mm2 were measured in
the presence of large sediments. Usually
values of 2 or 2.5 N/mm2 are adopted
(Arthur et al. 1999; Butler et al. 2003).
Consequently, both the velocity and
slope should be variable with the sewer
diameter in order to assure selfcleansing conditions. Figures 1 and 2
show the evolution of flow velocity
and slope with pipe diameter according
to the design table for storm sewers
with high sediment loading and 2%
allowable deposition presented by
Butler et al. (2003).
Retention in manholes and section
reduction
The decision support tool takes into
account additional information regarding singularities in the sewer network,
namely; manholes with retention
(when the downstream pipe invert is
above the upstream pipe invert), where
there are favourable conditions for
sediment built-up, and section
reductions, which are important
factors for the probability of blockage.
Structural performance parameters
Material and age
The structural performance of vitrified
clay pipes is similar to concrete pipes,
with the former presenting usually a
superior chemical resistance. Micevski
et al. (2002) and Coombes et al. (2002)
observed that vitrified clay pipes
showed smaller life cycles than
concrete ones. However, since the use
of vitrified clay pipes has declined
significantly during the last decades, it
was considered that the ones still in
service are in such places and under
such conditions that their degradation
is very slow. Distinction between

600-900
> 3.50
1.25 - 3.50
0.30 - 1.25
≤ 0.30

≥1000
> 2.5
1.00 - 2.50
0.225 - 1.00
≤ 0.225

10
6
3
1

concrete pipes older than 30 years
results from the fact that the
water/cement ratio of the concrete
was reduced during the 1960s and
the 1970s (CARE-S 2005).
In polymeric pipes, structural
performance is highly dependent on
the bedding and trenching conditions,
demanding a higher compaction
degree (Elzink and Molin 1992). Since
only in the last decade a generalized
increase in quality control and care
about plastic pipes placement has
occurred, a lower structural
performance is expected from sewers
constructed before the early 1990s.
Additionally, there has been a
continuous improvement in the
production methods and chemical
compositions, leading to higher performance polymeric pipes (Alferink et al.
1995).The introduction of corrugated
pipes, which have higher stiffness ratios
and therefore are less prone to excessive
deformation and structural defects,
increased significantly the long term
structural performance of polymeric
pipes.The statistical analyses of the data
from the Dresden sewer network
conducted by Baur and Herz (2002)
concluded that the PVC (polyvinyl
chloride) pipes had smaller life spans
than concrete and stoneware. However,
as the authors point out, the study did
not include the relations between the
variables considered in the ageing
forecast. Stein (2005) conducted a
study for theTEPPFA-Plastics Europe
Sustainable Municipal Pipes project,
which concluded that flexible pipes
systems have, on average, just 20% of
the defect rates of rigid pipe systems.
Furthermore, considering only the
defective sections with defect types that
are the main causes of infiltration and
exfiltration, such as fissures (BAB),
break/collapse (BAC) or defective
connection (BAH), defect rates are,
on average, 25% of the defect rates
of rigid systems.
Metallic pipes, namely cast iron, have
the highest mechanical resistance,
though their durability is strongly
dependent on the nature and integrity
of the protective layers (due to internal
and external corrosion).
As expected, age increases the
probability of defective performance of
the pipes.Yang (1999) analysed data
regarding the condition of sewer pipes
and obtained an average increase of the
collapse probability of 2.62%/year.
Examples of the scores used in the
decision support tool for pipe durabili-
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ty are defined inTable 2.These scores
represent the structural performance of
different pipe materials, considering
the mechanical resistance, structural
behaviour and the chemical and
physical performance of the pipe.
Diameter
The survey conducted by Davies et al
(2001a) refers to research projects with
contradictory results, some indicating
that average-sized pipes have more
anomalies, while others show a
decrease of defects with the increase of
pipe size.The statistical investigation
conducted by Davies et al (2001b),
showed a decrease in the defects rate
with the increase of the sewer size.
Similar results were observed by
Micevski et al (2002) and Coombes et
al (2002).The latter suggested an
underestimation of the loads in the
smaller pipes as an explanation for the
rate decrease.Yang (1999) calculated a
decrease in the probability of collapse
of 0.39% for each additional centimetre
in diameter. Baur and Herz (2002)
reported that pipes with a diameter in
the range of 300 mm to 1000 mm are
the least prone to defect, followed
closely by pipes over 1000 mm in
diameter, and the biggest rate of defects
affect pipes below 300 mm in diameter.
It must be acknowledged that, in all of
these studies, the relationships between
the variables were not taken into
account in the forecast.
Table 3 presents used scores for the
probability of failure according to pipe
diameter. Despite the small statistical
differences observed for pipes over 600
mm in diameter, different scores were
adopted in order to incorporate the
construction quality effect, which was
considered to be a determinant variable
regarding the probability of failure. In
fact, construction quality control is
usually stricter in important sewers,
which generally present the largest
diameters.
Sewer depth
Davies et al. (2001a) reported that most
studies indicate a defect rate decrease
down to a depth of 5.5 m, below which
the defect rate begins to increase with
depth, with the majority of problems
taking place in sewers installed at
depths below 2.0 m. It was suggested
that this reflects the decreasing influence of surface factors, such as road
traffic and utility/surface maintenance
activity, and the increasing effect of
overburden factors.The statistical study
conducted by the same authors
concluded that the sewer depth was
uninformative after accounting for
sewer size because, in the sample
network studied, the increase in depth
was coincident with an increase in
diameter (Davies et al. 2001b).Yang

(1999) also found that the sewer depth
was not a relevant parameter for the
prediction of failures in his case study.
However, as Davies et al. (2001b) states,
‘this is not to say that sewer depth is not
a significant variable when considered
on its own’.
Table 4 presents scores of the developed tool for sewer depth categories.
The presented scores are related with
the probability of structural collapse
due to surface and soil loads. Despite
the fact that some studies suggest that
bigger failure rates are related to
superficial pipes, it was assumed a
bigger score for deeper pipes since their
structural collapse usually corresponds
to higher economic burdens.
Abrasion
Parameters involved in the abrasion
phenomenon include amount, size,
shape and hardness of the solid particles, flow velocity, type of flow (turbulent or laminar), pipe material and
surface roughness. In sewer systems the
repetitive cleaning procedures can also
contribute to pipe erosion.
Portuguese legislation (DR23/95,
1995) establishes a maximum flow
velocity of 3.0 m/s for domestic sewers
and 5.0 m/s for combined and storm
sewers, at design flows.According to
the Federal Highway Administration
(FHWA, 1996), four levels can be
defined for the abrasion potential:
• Level 1 – nonabrasive conditions
exist in areas where there is no bed
load and flow velocities are very low;
• Level 2 – low abrasive conditions
exist in areas with minor bed loads of
sand and flow velocities of 1.5 m/s;
• Level 3 – moderate abrasive
conditions exist in areas with
moderate bed loads of sand and
gravel, where flow velocities are
between 1.5 m/s and 4.5 m/s;
• Level 4 – severe abrasive conditions
exist in areas with heavy bed loads of
sand, gravel, and rock, where flow
velocities exceed 4.5 m/s.
Classes and scores for the probability of
abrasion considered in the developed
tool are presented inTable 5.The scores
are related with flow velocities for halfpipe conditions. It was considered that
flow velocities below 1.5 m/s have the
lowest abrasion potential (score = 1),
while flow velocities over 5 m/s have
the highest (score = 10). Intermediate
score values correspond to velocities in
the range of 1.5-3 m/s and between
3-5 m/s.
The limits inTable 5 were calculated
using the Manning-Strickler equation,
assuming half-pipe flow and considering the value of 80 m1/3/s for the
empirical coefficient Ks, which
corresponds to the average of the range
recommended by EN 752:2008.
At the present stage of the technical

Figure 4
Depth, slope and
length distribution
of the sewer
reaches of Chelas
subsystem case
study, Lisbon,
Portugal

decision support tool development, the
roughness or erosion/abrasion
resistance of different pipe materials
was not taken into account directly, but
indirectly through the material and age
parameters.Tests conducted by
independent laboratories proved that
concrete pipes have less abrasion
resistance than polymeric pipes. Some
studies indicate that vitrified clay pipes
have a erosion resistance similar to
polymeric pipes, as long as the vitrified
surface layer is not worn off (UNIBELL 2003), while others point to a
higher performance (NPCI 141,
no date).
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of hydrogen sulphide to the
atmosphere and the build up of
sediments and slimes;
• turbulence, which increase the
amount of oxygen absorbed into the
waste water and the hydrogen
sulphide gas stripping;
• pH, which influences dissociation of
the sulphide ion species in the bulk
water (the lower the pH, the higher
the proportion of sulphide in the
form of hydrogen sulphide);
• existence of rising mains or
particular trade effluent discharges
upstream of the gravity sewer.
The scores for the probability of
corrosion presented inTable 6 were
defined in the developed tool considering the probability of sediment buildup, or the existence of a rising main
discharging upstream (which represents
the highest probability score = 10).
The action of hydrogen sulphide is
due to the corrosive potential of the
biogenic sulphuric acid formed. Since
not all pipe materials have the same
chemical resistance to biogenic sulphuric acid, correction factors of 1.2
for concrete and asbestos concrete, 0.9
for cast iron and 0.4 for the remaining
pipe material were applied. It is considered that the aspect of corrosion may
be significantly developed in the tool.
Manholes with invert drop
The existence of manholes with drops
over 0.5 m are more prone to abrasion
and, if hydrogen sulphides are present
in the bulk wastewater, to corrosion.
Therefore, the evaluation of the
structural performance considers this
type of singularities.

Figure 3 presents the results from a
study developed in Darmstadt
University, Germany, where the most
common pipe materials were evaluated
in terms of abrasion resistance.
Corrosion
Hydrogen sulphide is perhaps the main
reason for the corrosion problems in
sewers, especially in non-protected
concrete and metal elements.
Parameters on which the concentration of hydrogen sulphide depends
include (EN 752:2008):
• biochemical oxygen demand
(BOD), which is a measure of the
organic matter of the wastewater;
• wastewater temperature, directly
responsible for biological reaction
rates and air-water transfer of
hydrogen sulphide;
• retention time and ventilation,
which controls time and oxygen
available for the reactions;
• flow velocity, which affects the
rate of oxygen absorption, the release

Figure 5
Inspection
evaluation results
of the application
of the tool to the
Chelas subsystem
case study, Lisbon,
Portugal

Weighting of performance parameters
According toTran (2007), the main
parameters that contribute to the
deterioration of the hydraulic performance of storm sewers are: diameter;
age; slope; and structural condition.The
same author found that the structural
performance depends mainly on the
diameter, the location, and the
hydraulic condition on the sewer. Since
not all of the parameters analysed have
the same impact in the performance of
the sewer, different weights were
attributed in order to establish priorities for cleaning or inspection activities.
As the technical decision support
tool was developed for situations of
scarce information, the location was
not taken into account. In Portugal,
where significant variations of the land
use within the same locality is not
usual, this is not expected to be a
relevant parameter. Since the model
was developed as a support tool to assist
in the definition of inspection plans, it
was assumed that eventual structural
defects that may affect the hydraulic
performance of the sewer system will

be detected and solved in time.
Examples of weights for the different
selected parameters are presented in
Table 7, for inspection (structural
performance) and cleaning (hydraulic
performance) prioritization.
In the absence of specific information and knowledge, the correction
factor that allows the introduction of
empirical information resulting from
the experience of the system manager
and operators may be considered 1.
The results obtained with the
support tool should not be considered
as an absolute scale but rather as a
probabilistic classification for a given
area.Therefore, the results should be
categorized into three classes according
to the probability of deficient
performance (E = evaluation result):
• E > 5.5 - high probability;
• 5.5 ≥ E ≥ 3.5 - medium probability;
• E < 3.5 - low probability.
Application to a case study
SIMTEJO sewer system
SIMTEJO was created in 2001 to
collect and treat sewage generated in
the hydrographic basins of theTrancão
River, the small basins on the right
bank of theTagus estuary betweenVila
Franca de Xira and Algés, and
tributaries in the district of Mafra in
western Portugal, close to Lisbon.
The Lisbon, Loures, Mafra, Odivelas
andVila Franca de Xira municipalities
are entirely served by this system,
which also serves part of the Amadora
municipality. Covering a total area of
more than 1000 square kilometres and
serving about 1.5 million residents,
SIMETJO system includes 26 wastewater treatment plants, 55 pumping
stations and 125 km of sewers.
Chelas sewer subsystem
The Chelas sewer subsystem, operated
by SIMTEJO, serves more than
140,000 inhabitants and is divided into
four main trunk sewers with a total
length of 3300 m, with 131 manholes.
The system also comprises five pumping stations and includes various weirs
in order to separate domestic effluents
from the combined system and
transport them to the interceptors or
to the pumping stations.The average
depth, average slope and length
distribution of the sewer reaches are
presented in Figure 4.
The tool presented in this paper was
applied to the Chelas sewer subsystem
of the SIMTEJO served area. In terms
of probability of structural collapse, 5%
of the reaches were classified as high
probability, 38% as medium probability
and 57% as low probability.The cleaning evaluation concluded that 10% of
the sewer reaches were classified as high
probability, 17% as medium probability
and 73% as low probability.The main
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results are presented in Figure 5 and 6,
for inspection and cleaning
respectively, according to pipe
material, diameter and slope.
Figure 7 presents an analysis of the
cleaning and inspection evaluation
relating to the average depth, average
slope and total length of the sewer
subsystem.
These results are confirmed by the
experience and sensibility of the system
managers and operators, especially as
far as cleaning priorities are concerned.
Conclusions
The technical decision support tool
presented in this paper was developed
to assist the implementation of operation and maintenance strategies in
situations of scarce or nonexistent
information regarding the condition
and performance of sewer systems.
The probability of unacceptable
performance was evaluated using
several parameters that are known to
influence the performance of sewer
networks. Parameters or variables such
as sewer condition, land use and
wastewater characteristics were not
taken into account due to a lack of
appropriate data. Since the main
objective of the decision support tool
was the definition of priority interventions based on a ‘failure oriented
forecast’, the tool does not optimize the
results considering the economical,
environmental or social costs that may
result from failures.
Future developments of the
presented decision support tool may
include the following aspects:
• calibration of scores and weights of
the parameters based on the data
from the cleaning and inspection
operations;
• possibility of increasing the accuracy
of the tool through the consideration
of further relevant factors, namely
the structural sewer condition, and
the elimination of eventual nonrepresentative parameters.
The decision support tool is presently
in implementation stage by Simtejo.
Once the data collected during the
inspections of the sewer system starts to
allow for the modelling of sewers’
ageing, it will be possible to predict
rehabilitation needs.This tool may be
considered as the first stage of the
implementation of a fully integrated
technical management decision model,
which will integrate hydraulic,
environmental and, eventually,
social constraints. ●
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Models of regional or municipal Public-Private
Partnership (PPP) in order to favour the
industrialization of the integrated water service
in the ATOs of southern Italy
This paper assesses the critical issues in the industrialization of water services in
southern Italy and introduces two Public-Private Partnership (PPP) models; a regional
company for bulk water service and a network company at the scale of the integrated
water service (IWS – municipal water distribution, sewerage and wastewater treatment)
as a means to overcome them. Within the general framework of the current national
legislation providing the transfer via tenders of water service to contractors in charge of
operation, maintenance and carrying out the investments to be paid back by tariffs
under public regulation and control, critical aspects in the industrialization process of
the water services are identified at different levels. This starts from the drawbacks of the
methodology prescribed for the assessment of the average tariff, to the existence of long
transients towards the steady-state phase, during which contractors are demanded to
undertake risks related to the very uncertain environment in which they are to operate,
that are perceived as too high in comparison with the possible guarantees. PPP models
can represent a way to share risk between public and private partners, and to
encourage investors. The two above-mentioned PPP models are then introduced and
briefly discussed; one at a regional level for the bulk water service and one at the ATO
(Ambito Territoriale Ottimale – Optimal Territorial Ambit, an aggregation of
municipalities) level for the management of public assets (network company). They can
represent suitable operational models to share the risks related to the transition phase
while assuring an effective public control and seizing all the opportunities of an
industrial management of service without lowering the expected environmental and
service quality targets. The simulation of the behaviour of the network companies in two
Sicilian ATOs shows that the achievement of consumers’ benefit (rate reduction) can be
combined with increased operation returns, provided that the public company is able to
offer a superior reliability level to the credit system.

Introduction
he enforcement of the
national regulation reforming
the organization of civil water
service (the so called ‘Galli’ law
of 1994, now replaced by the
legislative decree 152/2006), albeit

T

in an advanced state of completion,
is experiencing in the south of
Italy, more than elsewhere in the
country, difficulties and delays.
Many ATOs (an Italian acronym for
OptimalTerritorial Ambit), had
initially opted for competitive
procedures in the selection of the
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utility and since 2003-2004, a number
of tenders have been called for in
regions such asTuscany, Calabria and
Sicily, either for the long-term (20-30
years) entrustment of the integrated
water service to a private company, or
for searching for the private partner in
public-private partnerships. However,
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Figure 1
Average tariffs in
Sicily over the
planning (PdA)
horizon

even if with some exceptions, these
efforts have not proved very effective
in fostering the creation of a water
industry, especially in southern Italy some tenders have been void or with
only one bidder, and even in those
cases where the new companies have
entered operations, the start-up phase
is proceeding very slowly.The reform
of the water sector is at risk in those
areas, and the state of water services is
likely to remain quite unsatisfactory, or
even critical. Clearly, the water sector
has slower and smaller capital recovery
rates than other types of services, say
energy.This however does not do
justice to all of the specific aspects of
the sector in the Italian context and in
the southern Italian context in
particular.The potential investor in the
integrated water service (IWS in the
following) is called to undertake
considerable financial risks, especially
in the larger ATOs, and this against
limited returns and long recovery times.
After a brief context analysis, the
paper examines possible solutions and
proposes new Public-Private
Partnership (PPP) models that may be
viable for the management of the IWS
even in southern Italy’s ATOs, and may
hence allow some relevant critical
issues to be dealt with.
Critical aspects of the integrated
water service in southern Italy
The Sicilian government has chosen to
organize the integrated water service
into two segments (Genco and
Mazzola, 2004a): i) the bulk water
supply sector (the so called
‘Sovrambito’), constituted by major
interbasin aqueducts, reservoirs and
treatment plants, selling drinking water
to customers located in different
ATOs, and ii) nine ATOs that manage
local resources for water supply and
also operate sewerage and wastewater
systems.
In the first segment, the operation of
the large water infrastructures has been
committed to Siciliacque SpA, a

Table 1
Financial
indicators of the
Sicilian ATOs
(Thousands of
€, %)

Agrigento

process to stop.As will be illustrated,
similar situations are not typical of
Sicily, but are ubiquitous in
southern Italy.
In the other mainland southern
Italian regions, the integrated water
service is also closely connected to the
existing bulk water companies for civil
or multipurpose water supply. In
Calabria, a public-private company, the
SORICAL SpA, operates the bulk
water supply to five ATOs.
In Molise, the bulk water service for
civil purposes has been entrusted to
ERIM SpA, an in-house regional
society.The definition of ‘in-house
provider’ comes from European Union
(EU) legislation and specifically from
some judgments of the European
Court of Justice. It identifies
undertakings of any legal form,
provided that municipalities have on
them the same degree of control that
they would have on their own offices;
and provided that the concerned
undertaking is delivering the
substantial part of its activity on behalf
of the owner local authority
(Massarutto 2007, in press). In
Campania, the operation of the
Acquedotto Campania Occidentale
(Western Campania Aqueduct) has
been entrusted by a concession.
In Basilicata,Apulia and Sardinia
regions there exists a single ATO at
regional scale and for the bulk
multipurpose water service in-house

public-private company (the private
stock majority owner has been chosen
through an international tender),
which is also in charge of realising and
partially financing the investments to
renew and maintain the aqueducts. For
details on the organizational layout of
Siciliacque SpA refer to Genco and
Mazzola (2004b). In the local sector,
applying a regional law, nine ATOs
have been stated that institutionally
associates all the municipalities of each
of the nine Sicilian provinces.
According to the current legislation, in
each ATO the integrated water service
is to be committed to a new service
company on the basis of an operation
and investment programme (the so
called ‘Piano d’Ambito’, PdA), which is
proposed by the company and
approved by the ATO Authority, in
order to achieve high service
performances and cost effectiveness in
favour of the consumers.The service
has already been committed through
tenders in the ATOs of Caltanissetta,
Enna and Palermo, while similar
procedures are being followed for the
ATO of Catania (with a Public-Private
Partnership), Syracuse,Agrigento and
Trapani where the ATO Authority
opted for a concession.
In the two remaining ATOs of
Messina and Ragusa, a lack of decision
by the appointed authorities (the
conference of the mayors and the
province chairman) has caused the

Caltanissetta Catania

Enna

Messina

Palermo

Ragusa

Siracusa Trapani

Equity

68458

48763

145475

25700

117013

148051

44029

52153

Loan

159735

113779

339442

59967

273029

345452

102734

121691 165836

71073

Maximum short term debt

14301

50808

0

13382

19271

0

5738

930

11694

Short term debt in 30th year

0

34485

0

0

0

0

0

0

0
66704

Residual value of the investment in 30th year 42535

46195

140858

32729

139150

89846

51818

88538

IRR (%)

2.51

0.69

4.01

3.81

2.69

3.55

3.89

3.94

3.22

DSCR minimum (years 1- 20)

0.11

-1.89

1.84

0.73

0.93

1.80

1.64

1.87

1.11

DSCR mean (years 1- 20)

1.29

0.45

2.15

1.50

1.61

2.03

2.00

2.09

1.96

DSCR maximum (years 1- 20)

2.05

1.28

2.37

2.13

1.98

2.20

3.10

2.21

2.22

First year of positive net result

6

12

2

4

2

5

3

4

7
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companies (as Acqua SpA in Basilicata)
or agencies (ENAS in Sardinia) have
been established. In Apulia, water
resources for civil supply are purchased
from both Consorzi di Bonifica
(Land-reclamation and Irrigation
Bodies) and from conterminous
regions (Basilicata through EIPLI,
Campania and also Molise in
the future).
New ideas vs. resistance to change in
the water service policies
As mentioned above, the case of the
two Sicilian ATOs where the change
process based on the entrustment of
service through tender has come to a
halt, is not an isolated one.With the
exception of Calabria, Sicily and two
ATOs in Campania, many regions in
southern Italy (Abruzzo,Apulia,
Basilicata, Sardinia and two other ATOs
in Campania) opted from the onset for
the entrustment of service either to
already-existing public utilities, or to
new public companies that have
merged into the existing ones. In these
regions, the only entrusted ATOs are
those for which in-house fully (as in
Apulia) or partially (as in Basilicata
and Sardinia) region-owned public
companies have been created.A similar
option is also likely for the ‘NapoliVolturno’ATO in Campania, after the
void tender for the private partner in a
Public-Private Partnership.Also in
Calabria, no tender for the selection of
a private partner or a service licensee
has, at least to date, been successful.
However, the implementation of
such, at times, unsuccessful initiatives
has required that the regions of
southern Italy carry out actions to
foster the development of a water
industry. Many of the following
considerations that refer to Sicily
also apply to other southern Italian
contexts.The process leading to the
entrustment of the IWS has received
timely support by the Sicilian
government through appropriate
planning actions aimed at the
equalization of rates and at making
the PdAs (see subsection above)
more attractive for investors
through financing of investments
and operations.
The investments planned in the
PdAs of the nine Sicilian ATOs (in 30
years) and in the investment plan of
Siciliacque SpA (in 40 years) amount to
around €6.4 billion ($8.2 billion) but
most investments are concentrated in
the first years of operation - 34% is
planned in the first five years and 58%
in the first ten years. Since the beginning of the process (2001), investments
in the bulk water sector have received a
strong support, with the allocation of
around €153 million ($195.8 million)

grants plus around €46 million ($58.9
million) from ‘private’ financial
resources, i.e. from bulk water tariffs, to
carry out nine high-priority strategic
projects on some of the large aqueducts
to be entrusted for 40 years to
Siciliacque SpA.The regional government also attempts to reduce and
equalize tariffs by directly paying the
costs of all those desalting plants (some
of which are now rather old) exceeding
the bulk water tariff (0.59 €/m3 (0.75
$/m3)). Ever since 2002, the regional
government has also started its plan of
financial support to the ATOs based on
CSF (Communitarian and national)
funds 2000-2006. Such funds total
around €1.1 billion ($1.4 billion), to

Figure 2
Scheme of the bulk
water regional
company

cover a consisting part of the
financial demand for the projects to be
completed in the ATOs in the first
years of operation (around €2 billion
($2.6 billion)).
The leading criterion in the alloca-

Figure 4

Figure 3
Mean actual tariff
(MAT) in the
Agrigento ATO
(€/m3)

Mean actual tariff
(MAT) in the
Trapani ATO (€/m3)

tion of such funds to the various ATOs
was to reduce as much as possible the
differences among the expected tariffs.
For this reason, a consistent part of the
financial resources has been allotted to
those ATOs (Agrigento, Caltanissetta,
Enna andTrapani) whose expected
rates were significantly higher than the
others. Increasing funds in these ATOs
has lowered the expected tariffs, thus
contributing to reduce the expenses to
be born by customers for financing the
planned projects.The estimated
reduced expenses for customers in a 30
year horizon are the following:
• Agrigento
€69.6 million
($89.1 million)
• Caltanissetta €73.7 million
($94.3 million)
• Enna
€73.8 million
($94.4 million)
• Trapani
€34.1 million
($43.6 million)
Figure 1 reports the expected
evolution of tariffs in the 30 year
horizon for the nine ATOs together
with the (weighted) average tariff for
the whole island.
The governmental support to
increase the grants for investments has
lowered the expected tariff level, but
has not necessarily contributed to
enhance the financial performances of
the PdAs and in some instances has
even caused them to worsen.This can
be ascribed to the fact that in some
cases the financial results are influenced
more by the operation costs than by
investment costs in a way that is not
allowed for in the Metodo Normalizzato
(Normalized Method, NM in the
following), the standard procedure
prescribed by law (Ministerial Decree
1 August 1996) for the assessment of
the average tariff of the IWS.The
evolution of the tariff value is
constrained in the first years of
operation to a maximum of the k value
(price cap) and therefore may in some
cases not allow the covering of the
planned operation costs even when the
impact of the investment costs on the
tariff is extremely little. Stated
differently, because of the constraint
on the maximum k and of an
inappropriately low zero-point tariff,
recovering from the poor management
options of the past becomes feasible
only in long term perspective. In Sicily,
such poor management options can to
a good extent be traced back to the
municipalities and to the public agency
(EAS - Enter Acquedotti Siciliani),
previously appointed to the operation
of bulk water and in some contexts the
whole IWS. Although legislation and
CIPE (the interministerial committee
for economic planning) resolutions
had already in the 1990s imposed to
adjust local water tariffs to the actual
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to increase from 0.99% to 3.77% and
the average DCSR (yrs 1- 20) from
0.45 to 1.94, while the first year with
positive results shifts from year 12 to
year four.
As mentioned above, the
Caltanissetta ATO now has a new IWS
company (Caltaqua - Acque di
Caltanissetta SpA) and the Agrigento
ATO is now completing the
procedures to entrust the service to a
new company.
The above policies implemented by
the Sicilian government to foster the
development of a water industry on the
island have focused on supporting both
investments and operations in the startup phase of the service, in the awareness of the critical aspects of a long and
uncertain transient that is more
complex than elsewhere in Italy and
probably than what could be imagined
by the authors of .36/94 law.This
because the starting situation is, in the
majority of cases, particularly backward
in many respects.
Although a similar approach could
be followed in other southern ATOs to
make the tenders more suitable to the
financial investors, the short
description of the state of the service
entrustment, here carried out, puts in
evidence that numerous causes of the
difficulties of allocation of IWS in
southern Italy still persist. Some of
them have been recently analyzed,
between the others, also in Genco and
Mazzola (2005), in Gavasci (2007) and

operation costs, municipalities and
EAS have rather left the operation
costs of the IWS to weigh on their
budgets and hence on public taxation.
In many instances tariffs have not even
been adjusted to inflation. Such a
situation is not accounted for by the
NM which assumes instead that the
shift in the IWS management takes
place from situations whose financial
balance is taken for granted.
Table 1 illustrates some indicators of
the management of Sicilian ATOs.
Indicators of Agrigento’s and
Caltanissetta’s ATOs, refer to financial
results obtained without any support
from the regional government.
Simulations show in these cases
consisting losses in the first years of
operation, which can also last longer
than five years. Overall, the financial
performances of these plans are quite
poor. In such situations, increasing the
granted part of the investment funds
results in a reduction of tariffs and
hence, ceteris paribus, of the financial
input and may shift even forward the
recovery of costs and operation losses
and cause a further reduction of the
return and performance indices.
In the awareness of all this, in 2004
the regional government decided to
support the financial balance, through
support of the operation costs, of the
most critical PdAs, i.e. those of
Agrigento and Caltanissetta, by
granting an annual contribution to
operations for the first six years (for an
Parameters

Base case from PdA

Intermediate

Complete

Asset remuneration rates

7.00%

6.60%

6.60%

Amortizations

Adapted to the concession

Intermediate time

Long time

(fix asset life = 50 years)

(fix asset life = 100 years)

period (30 years)
(fix asset life = 40 years)

overall expense of €51.2 M ($65.6 M)
weighing on the regional budget),
equal to the difference between the
expected tariff revenue as assessed by
the NM net of the auction markdown
and the tariff yield that should be
necessary to grant the financial balance
of operations.
The financial results of both plans
improve considerably and the risk for
the IWS future operator decidedly
reduces - clearly, the regional contribution represents a ‘firm’ yield, safe
from any possible (and to some degree
likely) bill evasion.
The expected improvement through
the implementation of this kind of
support can be summarized for
Agrigento by an increase of the
rnternal rate of return (IRR) from
2.51% to 3.40% and of the average (yrs
1- 20) DCSR from 1.29 to 1.72, while
the first year with positive results shifts
from year seven to year five. Similarly,
for Caltanissetta, the IRR is expected

Table 2
Parameters for the
network company
simulation
exercise

in ASRM (2007). Even in those cases
where the service has been entrusted,
the start-up phase of the new contracts
is characterized by delays and unexpected difficulties everywhere, even in
central and northern Italy.
Overall, these authors recognize the
role of the NM in the evaluation of the
Actual MeanTariff (tariffa reale media
-TRM) in producing plans with low
returns and financial unbalances in the
start-up phase of the new IWS, i.e
during the long transient that is
expected to take place in most southern Italian ATOs.As mentioned above,
the main assumption of the NM is that
the old management has already
pursued its financial balance: in this
spirit, the price cap mechanism and the
other constraints of the NM have been
developed to increase the efficiency
and economicity of the service and to
benefit customers by tariff reduction
and certainly not with the aim at
recovering from the unperformed

(because unpopular) tariff adjustments
and the macroscopic diseconomies of
the previous public management.
There is an ongoing debate in Italy
on a proposal of update of the NM for
the evaluation of tariffs in order to
remediate to some of its major
drawbacks and inconsistencies.
However, no new method has been
adopted to date.Another critical
point concerning the PdAs is the
considerable amount of investments
required that is due to a needed
substitution rate of the networks that is
high per se and higher than the
European average and that is by many
commentators deemed as too
burdensome. Because of this, as
reported in Gravasci (2007): ‘The
amount of planned investments makes
it difficult to take part in the tenders
because of the high borrowings
demanded to stakeholders and because
the banks find it difficult to develop a
project financing system, especially
whenever the high residual value of the
investments makes the possibility of
recovering it as redemption, as envisaged in the plans, quite far-fetched.’
Investment costs can be (sometimes
considerably) reduced through the
competitive procedures for service
entrustment, as the improvement of the
investment plans must be introduced as
a crucial element in the tenders, and
bids must capture the ability of the
industrial competitors to recalibrate
the investments according to their
experience in the field, by making use,
for instance, of more cost-effective
technologies. However, the hiatus
between targeted service levels and the
present state of the networks, which in
the majority of cases is very poor and
far below the European average, is too
large to legitimate the expectation of a
substantial reduction of the actual
investment costs, unless a substantial
reduction of the targeted service levels
is accepted, a hardly feasible alternative
as service and environmental
targets are fixed by national and
Communitarian regulation.
As mentioned before, further public
support to investments would be, in the
above cases, of little help - increasing
the grants for investments in the first
years of operation would result in a
decrease of tariffs, but would not
improve the financial performances of
the PdAs or would even make them
worse, especially those of the more
problematic ones.To understand this,
assume that the Sicilian government
had decided to grant the €51.2 M (see
above) that has been allotted for
supporting tariffs, for supporting
investment costs in the ATOs of
Agrigento and Caltanissetta, and also
assume that such financial resources are
supplied in the first six years in
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Agrigento, and in the first twelve years
in Caltanissetta. In this case, the customers of Agrigento would experience
tariff reductions of €0.05 ($0.06) only
from the sixth year with an overall
‘saving’ of €22.5 M ($28.9 M) and the
customers of Caltanissetta would
similarly experience tariff reductions
from the sixth year with a maximum
reduction of €0.14 ($0.18) and an
overall ‘saving’ of almost €55 M ($70.7
M). On the other hand, the IRR
reduces in both cases - from 2.51% to
2.49% for Agrigento, and from 0.69 to
0.05 for Caltanissetta; the other
financial indicators also worsen.
Solving the above critical points is
certainly an important step towards a
succesful entrustment of the service
and to its industrialization. However,
another point must be raised that is
very likely to be a key cause of the
deluding outcomes of many attempts
to complete the institutional change in
the management of water services - the
new IWS management must undertake, all at its expenses, considerable
financial risk against little returns and
long recovery times.The high capital
intensity and the very long
depreciation schedule of physical assets
(M€)
Intermediate case
Complete case

unsuccessfulness for many tenders and
the subsequent set up of an industrial
process. For reasons that are beyond the
scope of this paper to analyze (refer to
Raggetti and Lucarelli, 2004), banks are
very cautious in taking risks for such
long-term (20-30 years) projects and
therefore require guarantees that are
difficult to sustain for most private (and
public) investors.The only viable path
to obtain the necessary bank loans
hence seems to be the reduction of
risk, for it is perceived by both the
potential investors and the banks as too
high. For instance, one of the most felt
types of risk is the one related to the
potential bill evasion with the
subsequent uncertainty on the actual
financial income (which often adds to
the uncertainty on the water amounts
that can be actually sold), the basis for
paying back loans.
In order to obtain the targeted
quality level of the IWS also in the
regions of southern Italy, it then seems
necessary to redistribute risks between
public and private granting at the mean
time a fair reallocation of governance
responsibilities.This may be attained by
new forms of PPP that may give rise to
organizational structure that can prove

First ten years
Agrigento
Trapani

30 years
Agrigento
Trapani

2.111

6.840

2.161

17.674

($2.7M)

($8.7M)

($2.8M)

($22.7M)

4.962

10.488

6.704

20.943

($6.4M)

($13.5M)

($8.6M)

($26.8M)

contribute to increase the investmentrelated risk and make the whole
venture highly hazardous, even against
low operation-related risks once the
transition to the steady-state conditions
is over.A systematic review and analysis
of the risks of the water sector can be
found in Massarrutto et al. (2007).
According to the scheme of law
36/94, the new IWS manager is in
charge for carrying out the planned
investments, net of the sometimes
conspicuous investment grants,
together with all the expenses that are
needed to normalize service which will
be paid back (including interests on
loans) by the water bills.With such a
scheme, high, long-term borrowings
from banks will be needed and the
candidate contractors are required to
have generous capital available in order
to both reduce loans and to grant them
(equity).Thus far, the way tenders are
presently regulated keeps the public
counterpart free from any risk related
to the financing of the IWS.
Potential IWS managers have met
with considerable difficulties in finding
the necessary bank loans and this seems
to be another important source of

Table 3
Total customer
saving in the two
ATOs (M€)

suitable to cope with the long
transition phase towards the new IWS.
Sharing risk in bulk water and
IWS management through
alternative PPP models
Besides the public-private company,
probably the best known PPP model
(but not the most effective, at least in
Italy), alternative PPP models that are
respectful of the present regulation on
the entrustment of the IWS and that
foster competition can arise from mixes
of some of the constitutive elements of
PPPs.This can include awarding the
provision of water services for shorter
periods, using different company types,
working on different stake mixes and
governance schemes or on different
asset management (large outsourcing of
the operation segments etc), or on
different schemes for carrying out

Table 4
Internal Rate of
Return

Agrigento

Trapani

Base case (actual)

2.51%

3.22%

Intermediate case

2.88%

3.43%

Complete case

3.04%

3.57%

investments (either in-house or
contracting out).
Recently, the above theme started to
receive more attention also in the
international context. Just to give an
example,Yamout and Jamali (2007)
have carried out a critical assessment of
different forms of PPP in the context
of the economic and institutional
framework of the water service in the
Great Beirut Area in Lebanon.
The pros and cons of each of such
PPP schemes must be assessed,
focusing on the actual chances of
success in view of the objective of
reforming the service in an industrial
perspective. In particular, strengths and
weaknesses of the model should be
analyzed with regard to the critical
aspects summarized in the previous
section. For instance, it should be
assessed if the proposed model is
suitable for potential industrial competitors, if it facilitates public control
and makes it more effective, if it makes
access to public and/or private credit
easier, if it allows to carry out the
appropriate amount of investments
without the burden of oversized
projects, operation and investment cost
(and hence tariff) reduction, and so on.
However, it is probably not
worthwhile searching for a one-fits-all
solution for all different types of
problems, rather, the solution should
be sought at a local or regional scale.At
such scales, the features of the water
resources systems are less vaguely
defined, and so are the figures of water
demand for the different uses and the
effects of possible demand-side
management strategies. Irrigation and
energy policies (e.g. using reclaimed
water for irrigation or water recycling
for factories) can be assessed with a
higher degree of likelihood.
As mentioned in a previous section,
a number of PPPs have been started for
the bulk water sector in many southern
Italian regions where water resources
systems share similar features, both
from an hydrologic and an organizational standpoint.These areas are
experiencing with growing frequency
long dry periods when the
supply/demand ratio often reduces to
the sustainability limit.The existing
assets are highly interconnected,
multipurpose water resources systems
with conflicting uses (civil, irrigation,
industrial and, last but not least,
ecological) and different bodies that
operate service within each different
sector (ATOs for civil service, the
reclamation bodies for irrigation, other
bodies for industrial uses).
Put together, the uncertain
knowledge of water resource
availability and the fragmentation of
service are very likely to hinder any
market-oriented reform if only one or
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some pieces of the puzzle are touched,
i.e. if the privatization or the
rationalization (even under public
protection) of the civil or industrial
sector is carried out without reforming
the whole system.
In order to overcome these issues,
we propose a rather general
organizational scheme that seems
suitable for complex water systems. It
has the potential to perform both
demand control and service even in
the condition of natural monopoly, by
pursuing the necessary separation
between controlling and controlled
subjects at the different levels of
the scheme.
The basic idea is that a region
constitutes a company of public
interest to be awarded with the role of
sole purchaser of water resources, and
which is hence in charge to specify
water resources demand. Such a
company, whose scheme is depicted in
Figure 2 (Genco and Mazzola, 2004b),
can have more than one region as
stakeholder (multiregional company),
in addition to other subjects with
specific skills in finance and engineering. Such a regional (or multiregional)
company should have the
responsability of supplying bulk water
and hence operates multipurpose or
trans-ambit assets.The company seeks
to optimize the above assets with an
eye on the rationalization of service
‘downstream’ (ATOs, reclamation and
irrigation bodies etc.) and having
efficiency and effectiveness of service
and the minimization of water costs for
all types of users as objectives.
The region keeps its role of water
resources regulator, that is performed
either directly or by related public
bodies such as the District Authority.
In this context, the company can
provide the region with technical and
financial assistance for:
• Planning water uses;
• Identifying, assessing the feasibility of
and optimizing projects for the
completion and rationalization of
water resources systems, with
particular regard to safety plants for
prolonged dry periods in droughtprone areas;
• Regulating and managing water
demand for conflicting uses by
defining bulk water tariffs, allowing
for both supply costs and costs for
equalizing different geographical
areas and uses.
The company is therefore also the
medium for aids to irrigated
agriculture and for managing grants
for infrastructures in that sector.
Technical management of the
assets should be awarded through
competitive procedures to private
contractors on the basis of short-term

contracts (five to ten years).
Investments for the improvement/
rationalization of the assets are
managed directly by the company,
using project financing where possible
and by contracting out through
tenders. Contracting services out is
selected as the competitive option
that can reduce the bias of natural
monopoly while keeping the
organizational costs at a minimum.
Such a scheme separates at a regional
scale policy-making and control from
asset management and operation, and
therefore discourages ambiguousness in
roles and should contribute to the
minimization of the impact of possible
failures. Moreover, the proposed
organizational outline aids to satisfy the
requirements of EC Directive
2000/60, allowing, for instance, a more
suitable allocation of costs and to
define tariff frames that are able to
include all types of costs, including, in
particular, the environmental ones.
The proposed scheme also seems to
be the most effective in minimizing
damages from water blackouts caused
by long droughts, as evidenced by
analyses developed in the electric
power sector for blackouts in Italy and
California.At the infrastructure level, it
has been recognized that the cause of
such failures has been the lack of
emergency stations that should have
been built in advance to cover the
predictable difference between supply
and demand and the poor maintenance
of the transport networks.
At the lower level of the ambits, the
opportunity for an alternative PPP
model, which municipalities should
not miss in order to give value to their
assets, comes from article 35 of Italian
Financial Law for the year 2002 that
has decreed the obligation for public
bodies to hand over their assets
(networks and plants) to, i.e. 100%
public-owned companies (so called
network companies), if the ambit
authority opts for the entrustment of
service to a private contractor or to
public-private companies.
In this context, two models are
possible (Prioreschi R., 2005):
• A ‘minimal’ network company, in
which only the assets indicated by
the regulation should merge and
only in charge to administrate them
• A ‘large’ network company to be
regarded as an asset management
company for the public bodies
holding it (and planning investments
for them) in which further assets can
be merged.
In this last scenario, the company can
carry out the projects and only entrust
operations to an industrial company
via tenders.The rent paid by the private
contractor collecting water bills to the

network company must not only
finance the company expenses, but
must also pay back capital and interests
on loans or other types of obligations
for investments. In this way, service can
be entrusted for shorter time periods,
say five or ten years.
In analogy with the above-described
regional society, network companies
also call for high public control skills in
order to reduce costs related to the
complexity of the system (Petretto A. et
al., 2003) and to avoid that a public
company becomes the source of
inefficiency for the whole system, thus
repeating models that have not had a
secondary role in determining the
present level of inefficiency of the
system of water services in
southern Italy.
The reduction, for the contractors,
of the financial risks deriving from the
above schemes is evident, both in the
case of the bulk water company and in
the case of the network companies
within the ATOs.A public assets
company can, for instance, simplify the
process of sharing risks related to
insolvency in those transition phases
that many southern Italian ATOs are
likely to experience (or are already
experiencing). In addition,
depreciation times are made
independent of the length of the
concession - this drastically reduces the
difficulties related to the redemption of
the non-depreciated investmemts at
the end of the contract, a well-known
source of legal disputes or the occasion
for the contractor to reduce
investments below the optimal level in
the final period of the concession.
Potentially, one of the most
important effects of the proposed
schemes is the improvement of the
conditions for financing projects.A
public asset society that is really able to
inspire confidence in the credit system
may reduce the debt of water service
operators, improve their debt/equity
ratio, obtain credit at lower rates or preamortization periods or longer periods
for the amortization of debts and so on.
This may result in lower rates for
customers while improving the
operative performances.
As an example, in the following,
results are reported of a simulation
exercise of the effects of two
hypothetical network companies
operating in the two Sicilian ATOs,
Agrigento andTrapani, where a long
expected transition period in the start
up phase of the IWS is expected.The
financial model of the PdA predicts an
unbalance for six years with average
annual net deficits after taxes of €5.3
M ($6.8 M) in the Agrigento ATO and
an unbalance for seven years €3.4 M
($4.4 M) in theTrapani ATO. For the
overall methodology employed to
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carry out the simulations refer to
Massarutto et al., (2007) and their
impact of alternative management
models.Two cases are examined,
indicated as ‘Intermediate’ and
‘Complete’, whose main assumptions
are reported inTable 2. In both cases
the PPP company funds the difference
between operation costs and returns in
the first years.To do this the company
raises a loan to be paid back by the
returns from rates at the following fixed
conditions: 4.5% as total annual interest
rate, 15 years amortization with four
years of preamortization.With rispect
to the PdAs, no modification is
assumed for the financing of the
planned investments.
Figures 3 and 4 show the per capita
tariff trends in the two ATOs along the
planned period. In both ATOs, after a
period of five years when the tariff
cannot vary with respect to the base
case because of the price cap, lower
tariffs are expected than those
predicted by the PdA in both cases in
the medium term, while in the long
term tariffs will increase owing to the
lesser amortizations.
On the basis of the expected sold
water volumes (around 40 Mm3/year in
steady-state conditions for both
Agrigento andTrapani ATOs
according to the PdAs),Table 3 reports
the expected savings for users, that are
particularly significant for the
Trapani ATO.
As can be inferred fromTable 4,
even the expected returns from the
investment plan improves with a
maximum in the complete case.
The possibility to opt for longer
periods for asset amortization and to
reduce the interest rate of the invested
capital - such are the assumptions on
which the above results have been
obtained - is however closely related to
the ability of the network company
(clearly, similar considerations may be
developed for the regional company) to
exert high-profile control on and
guidance to the process, both on the
engineering and on the financial side.
Only a superior master of the
technology issues of the sector and
good practices in the maintenance of
assets can prolong their life up to the
required levels. Furthermore, it is clear
that in order to achieve lower tariff
levels for customers by reducing the
remuneration rate on assets as in the
above exercise, the network company
will need a high level of credibility and
reliability, well beyond the guarantees
that an ‘ordinary’ asset management
company is expected to provide, that
can be attained only by showing the
company’s ability to optimize the
management of the assets, including
renovation of obsolete ones and
building of the new ones.

Conclusions
The implementation of a water
industry in Italy and in southern Italy
in particular requires in the first place
the solution of issues related to a long
transition phase for which the present
regulation (act 36/94) does not seem to
provide convincing answers, as far as
the assumed institutional framework
and the tariff assessment method
are concerned.
The analysis of the critical aspects of
the process, which in the paper is
developed using the case of Sicily as
representative of the situation in the
whole south of Italy, shows the need of
support policies in both the investment
and the operation phases.A major
hindrance to succesful tenders seems to
be the perception of both investors and
banks of too high a risk to take
compared to the feasible guarantees.
An alternative (and complementary)
way can be represented by PPP
models, both in the bulk water sector
and in the ATOs, that should redefine
the roles of the private and of the
public sector and that should allow a
more dynamic management of the risks
related to service and asset
management.To this end, two PPP
models have been introduced and
briefly discussed, one at a regional level
for the bulk water service and one at
the ATO level for the management of
public assets (network company).They
can represent suitable operational
models to share the risks related to the
transition phase while assuring an
effective public control and seizing all
the opportunities of an industrial
management of service without
lowering the environmental and
service quality targets that are expected
by southern Italian customers.
The simulation of the behaviour of
the network companies in two Sicilian
ATOs shows that the achievement of
consumers’ benefit (tariff reduction)
can be combined with increased
operation returns, provided that the
public company is able to offer a
superior reliability level to the credit
system.This requires that such public
companies develop far greater skills to
control service and assets than the
public management has shown to
possess thus far in Italy. ●
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Asset management: The required utility organization
paradigm shift
Through changing organizational culture, a move can be made away from old styles of
thinking towards a new paradigm. Scott Haskins discusses this thought transition and
the example of Seattle Public Utilities, whose asset management programme has been
a successful example of changing organizational thinking.
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uccessful implementation of
asset management has been
extensively researched and studied, developed in terms of tools
and practices, and implemented in
water utilities across the globe.
One of the challenges identified,
however, has been that of organizational culture. Sometimes
regarded as more art than science,
the context and environment in
which asset management is conducted has been a major challenge
to describe, much less create,
implement, optimize and
institutionalize, and improve.The
continuous improvement of
organizations is commonly a
topic of attention in utilities, but
identifying organizational
elements or attributes that are
necessary to organically develop
improvement in an asset management context has been lacking.

S

Water sector initiative in the
United States
In May 2007, a report was released by
North American water associations,
entitled ‘Water sector collaboration on
effective utility management’1.
Chartered by the AmericanWater
Works Association (AWWA),Water
Environment Foundation (WEF),
Association of MetropolitanWater
Agencies (AMWA), National
Association of CleanWater Agencies
(NACWA),American PublicWorks
Association (APWA), and National
Association ofWater Companies
(NAWC), this analysis was conducted
with participation by water utilities
and the US Environmental Protection
Agency (EPA).Ten attributes of
effectively managed utilities were
identified:
• Product quality
• Customer satisfaction

• Employee and leadership
development
• Operational optimization
• Financial viability
• Operational resiliency
• Community sustainability
• Infrastructure stability
• Stakeholder understanding and
support
• Water resource adequacy
In addition, keys to management
success were identified to generate
utility management success.These
necessary factors were:
• Leadership
• Strategic business planning
• Organizational approaches seeking
to engage a participatory
organizational culture
• Measurement
• Continual improvement
management framework
Sample performance measurement
measures were assembled, as well as
next actions or steps needed by the
water sector itself.
Comparative organization paradigms
For utilities which are on a pathway to
becoming more mature organizations,
and ones capable of implementing asset
management best practices, it is useful
to compare ‘old style’ vs.‘new style’
organizational paradigms.A more
evolved utility which is addressing the
attributes of effective utility management previously described can be
contrasted with an ‘old style’
organization, still dominant in the US.
Such antiquated organizations are
increasingly ineffective for the type of
asset management tools, systems,
processes, strategies, and practices being
expected today. By categorizing asset
management elements into several
basic categories, related organizational
and cultural attributes and practices can
be seen as being associated with old

and new style organizations as shown
in Figure 1.
Transitioning from old to new
organizational paradigms at
Seattle Public Utilities
Many utilities are beginning to
embrace and apply asset management
principles.This can not only involve
installing new technology systems and
processes, but also require changing the
culture and realigning the organization.
Seattle Public Utilities in Seattle,
Washington, began its asset
management programme five years ago
and has achieved significant results in
terms of service level improvement and
cost reduction. In asset management
circles, they are viewed as an industry
leader and an example for others to
emulate. However, there is still much
progress to make.
It is informative to review progress
that has been made and some
remaining challenges and future focus.
Where the focus or successes thus far
have been on tools, strategies, and
processes, future attention is more
directed to addressing the people and
culture side of the business. Following
are brief highlights of major
accomplishments, along with some key
challenges and opportunities for
improvement for the next several years.
Current strengths and
accomplishments (expressed
in terms of organizational culture
and focus)
• Business case development.
Requirement that all investments,
particularly new and existing capital
projects, be identified, developed,
and implemented only after a
thorough analysis of costs, benefits,
and risks. Project managers and
decision-makers trained on standard
tools and protocol. Operation and
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maintenance (O&M), capital
improvement programme (CIP),
financial plans, and resource requirements linked. Guidelines and tools
published and transparent.The
mayor, city council, and citizen
committees aware and bought into
the use of tools and process for

decision-making. Linkage
established to budget, CIP and
long-term plans.
• Consideration of risk.
Corporate risk plan, methodology
and priorities established and being
maintained with steering group.
Risk costs identified in all business

ORGANIZATIONAL ELEMENTS
OLD PARADIGM

Figure 1
Organizational
elements –
old and new

•

ORGANIZATIONAL ELEMENTS
NEW PARADIGM

Category: Risk Equation – Risk, Service Levels and Cost
No explicit service levels, implied only and not
communicated to public or decision-makers
All risks treated equally – no concepts of criticality or
likelihood of failure
Activities not costed or reported
Unsure of customer willingness to pay
Maintain low profile with stakeholders and regulators
Short-term decision making – no lifecycle or triple
bottom line costs and benefits considered or analyzed
Reactive maintenance, operations driven
Conservative decision-making, no risk sharing

Project decisions made only after considering lifecycle
and triple bottom line
Service level and performance information included in
strategic business plan
Stakeholders and elected officials aware and involved in
service level and risk issues
Willingness to pay analysis provided to show service level
and cost trade-offs
Risk mitigation strategies implemented to address
highest risk activities and events
Risk models used to make repair versus replace
decisions
Non-quantified costs and benefits factored into decision
making
Higher tolerance for risk (specific decision shared or
elevated)

Category: Human Resources - Organization Structure, Skills, and Capacity
Organized in silos
Organized by classifications or skill categories, not
function or major work process
Inflexible work assignments for workforce
Little communication with customers
Long and rigid recruitment practices
Recruitment only when vacancies occur
Rigid pay structures without performance incentives
Leadership training secondary to technical proficiency

Mobile workforce – diverse
Active and on-going recruiting and workforce
development
Performance tied to strategic goals and work plan
Pay or reward for performance
Flexible workforce (movement throughout organization)
Systems to capture corporate knowledge
Regular and ongoing communication between planning,
operations, customer service, and financial functions
and staff
Employees continually ask the question, ‘what would the
customer want?’

•

•

Category: Processes and Support, Including Decision-Making
Decisions, strategies and work plan unconnected to
business plan
Information technology (IT) systems not integrated –
geographic information systems (GIS), computerized
maintenance management systems (CMMS),
Supervisory Controls and Data Administration (SCADA),
customer and financial systems
Budget/rates/accounting/financial forecasting not linked
to asset management
Information and decisions not transparent
Engineering and economic support tools non-existent or
crudely developed
Management by crisis and reactive
Best practices not known or understood
No strategic business plan to integrate the organization
and its performance
Not outcome based

Decisions clear and transparent, cross-organizational
and achieve expected outcomes
Business case developed for investment decisions
Decisions reflect long-term economic impacts
Budgets/rates tied to service levels and targets
Technology integrated and supports the operation
Service providers focus on efficiency
Benchmarking with other utilities is common practice
Organization committed to continual improvement

•

•

Category: Physical Assets – Condition, Criticality
Don’t know assets owned and managed
Don’t know condition of assets
Operations and maintenance (O&M), and capital
decisions not connected
Asset performance requirements not explicit, known,
or measured
Lack of knowledge of upstream/downstream connection
of system elements

Inventory, value, life, and condition of assets are
projected and clear
Maintenance strategies are developed for all categories
of assets
Decision models assist in making repair versus replace
decisions
Tactical plans developed to address major gaps
Asset owners and managers are identified
Delivery of new assets is streamlined and efficient

•

WATER ASSET MANAGEMENT INTERNATIONAL • 5.1 - MARCH 2009 • 18

cases. Risk mitigation plans
developed for critical functions.
Risk models developed for critical
asset categories to guide repair vs.
replace decisions.
Accountability. Utility reorganized
to more clearly define those responsible for managing and specifying
work on assets, maintenance, and
service production (what we should
do, priorities and targets) vs. those
responsible for delivering projects
and O&M services (how to provide
work most efficiently to the
customer).Asset management team
created to coordinate and support
development, implementation, and
decision-making for asset management across the entire organization.
Authority given to ‘line of business’
directors to manage water, wastewater, and solid waste across all
functions and skill groups of the
utility. Managing director and
executive team responsible for all
major utility investment decisions,
priorities, and initiatives. Project
management office created to
enhance project delivery
performance.
Service levels. Customer and
environmental service levels for all
business lines newly established,
with performance targets and
reporting. Incorporated in strategic
business plan. Performance against
service levels leads to direct actions,
with accountability, to address
problems and issues which surface.
Strategic planning. Strategic
business plan updated twice in last
four years to incorporate asset
management principles, strategies,
action plans, service levels, and
reporting. Used as priority setting
process for the organization to
address gaps.
Decision processes.Asset
Management and Line of Business
Committees established, along with
charters, protocols, and transparent
processes. Covers all investment
decisions, planning, and performance. Decisions documented.
Lifecycle and triple bottom line
assessment.All investment
decisions now incorporate lifecycle
costs and benefits, as well as financial, social, and environmental costs,
benefits, and risks.These concepts
are fully integrated into wide range
of programmatic decisions.
Analytical rigor.Analysis and
analytical skills are valued as norm
for the utility and considered on
par with other skills like engineering, finance, environmental science,
and operations. Economist group
established to further analytic and
review focus. Linkage made to field
forces, where availability, accuracy,
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and collection of data are considered
a priority.
• Benchmarking and reporting.
Metric and practice benchmarking
has become a major priority as a
means to learn and improve.
Performed practice benchmarking
withWater Services Association of
Australia (WSAA) for last five years,
covering asset management (twice),
civil maintenance, mechanical/
electrical, and customer service.
Developed and implementing
related process improvements.
Participate in Qualserve benchmarking. Search for best practices
and high performing utilities from
whom to learn. Sought out asset
management technical exchange
partner, HunterWater from
Australia, who has played an active
role and has had an ongoing physical
presence in Seattle. Central reporting responsibility created from
service levels, to key performance
measures, to work plans, to benchmarking initiatives.
Areas of challenge and future focus
(expressed in terms of organizational
culture and business priorities)
• Ongoing organizational change.
The organization was changed and
there will likely be more change.
While this has produced greater role
clarity, focus on asset management,
and a climate of continuous
improvement, the high amount and
level of change has created a level of
anxiety and uncertainty in a culture
not accustomed to such rapid
restructuring.The level of change
has required significant attention by
itself and has been more challenging
than anticipated. Further adjustment
is needed both to further structure
the organization as well as adapt to
the capabilities of individuals as they
transition in the utility. Rank and
file employees will need to embrace
change as a necessary part of
the business.
• Brain drain.A common problem
faced by virtually all North
American utilities is the exodus of a

•

•

•

Figure 2
Organizational
integration diagram
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‘baby boomer’ workforce along with
the knowledge that goes with it.
Seattle will need to continue its
efforts to recruit, hire, train, retain,
and develop necessary skills, as well
as further develop and use knowledge and intellectual property.
Role and transition for
individual employees.Two types
of role issues have been challenging.
The first was splitting utility specifier
and service provider roles organizationally, which had the effect of
shedding one or the other role from
individuals previously performing
both.The other impact has been
moving key individuals around the
organization. Both are key strategies;
value will be appreciated more fully
when individuals see benefit to the
organization as a whole as well as to
them personally.
Driving the asset management
culture throughout the organization. One of the greatest
challenges has been to demonstrate
the benefits of asset management and
a new way of doing business to each
of the types of work in the utility.
Seattle is now more focused on
involving and engaging the entire
work force in the understanding and
execution of asset management, as
well as attending to the ‘business
case’ to be made for all segments of
the culture.
Greater involvement by the
customer and elected officials in
service levels and asset management principles. Great strides have
been made. However, expansion of
‘willingness to pay’ initiatives will
allow better informed decisions as
the important balance is attempted
between service level and performance, cost, and risk.Also, while
much better decisions are being
made, it has been difficult to strike
the best balance between short- vs.
long-term costs and benefits for the
customer.Too often the city starts
with a rate, budget, or CIP target as
given without optimizing long term
for the customer. Better long-term
forecasting for Operating Expense
(OPEX) and Capital Expense
(CAPEX) will be part of the solution, along with greater attention to
efficiency.
Prioritization of needs.The
organization is still evolving in terms
of addressing the organizational vs.
activity and project based view of its
operation.Also, the use of risk based
methodology to prioritize capital
projects, and to scale other department activities, has not been fully
developed.
Development of long-term
financial plans and rate path.
Again, strides have been made,

particularly in forecasting requirements for critical asset classes and in
developing and following financial
policies. But short- and long-term
forecasts – which integrate capital
and O&M and are tied to decisionmaking, budget processes, and
reporting – will ultimately help
produce and optimize Seattle’s
financial plans.
• User friendly IT systems and
mobile computing. IT systems are
now being better integrated with
strategic business architecture, and
with an IT plan which is channeled
to strategic priorities. Many
enhancements will be needed,
including more efficient and userfriendly tools for field employees to
collect critical asset information.
• In-house vs. contracting
decisions (workforce strategy).
Seattle, like other utilities, must
come to grips in a highly competitive market for resources, with
planning and developing of core
competencies; and then using the
market to provide resources for work
leveling and skill enhancement.
Efficient delivery and processes
which produce best value
contracting will be critical.
• Dealing with other agencies
(transportation, environmental)
with influence on triple bottom
line decisions. Seattle is now
engaged in multi-agency decisionmaking and is learning to consider
financial, social, and environmental
impacts across jurisdictions.
Sometimes the challenges are not so
much technical as they are political,
particularly in terms of aligning
different entities to use asset
management frameworks and
processes. Certainly, the major issues
and challenges facing the utility are
needing to integrate transportation,
environmental, and communitywide interests and agencies.
Integration is key
Finally, for Seattle and other utilities,
integration of organizational aspects is
critical. Figure 2 depicts the relationship between elements which in the
past have been considered separate.
Strategically, while these concepts are
well established in some quarters, many
utilities still need to better integrate
short- and long-term plans and decisions; CIP and O&M processes; and
practices to better coordinate work
plans with strategic plans, leadership
with organizational culture, and
planning with service delivery. ●
1

EffectiveWater Sector Utility
Management, EPA,AMWA,APWA,
AWWA, NACWA, NAWC,WEF; May
2, 2006.
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The inclusion of externalities in asset
management decision-making
The need to consider externalities in asset management is becoming increasingly
important as water authorities start to address their performance across triple bottom
line measures. An externality is borne by a third party not involved directly in a
commercial transaction. Externalities can be either positive or negative, but it is the
existence of negative externalities that is of particular concern to today’s society. This
paper considers the issue of externalities within the water sector, giving specific focus to
the integration of externalities within whole of life costing and risk-based asset
management. To this end, the importance of externalities to the management of water
infrastructure is reviewed, including their role in an enlightened view of asset
management. It is asserted that during strategic planning, externalities should form part
of the option evaluation stage, undertaken within a whole of life context. For existing
networks, consideration of externalities involves an on-going evaluation of the level of
risk associated with individual assets and/or groups of assets. In this paper, a generic
framework for evaluating externalities is presented, which is summarised as: 1) Identify
the externalities, which implicitly demands that an appropriate system boundary is set;
2) Determine the magnitude of significant externalities; and 3) Estimate the value of
these externalities. This framework was applied in the development of the PARMS
software suite, and examples are presented throughout the paper to illustrate the
techniques used in the research.

n economic theory, the term
‘externality’ is used to refer to a
cost associated with the production or consumption of a good or
services which, while important to
society, has not been taken into
account by either the producers or
consumers (Denniss, 2003). Put
more simply, an externality is a
cost borne or benefit received by a
third party not involved directly in
a commercial transaction (Speers
et al. 2002a). Of particular concern
to today’s society are economic
activities that impose costs that
are not reflected in the market
price.These so called ‘negative
externalities’ can contribute to a
range of issues; for example, public
health, social, and environmental
impacts, loss of amenity and

I

aesthetic value, or indirect
financial consequences such as
reduction in property values (e.g.
Hatton MacDonald et al. 2005).As
intimated above, the concept of an
externality is, however, not just
confined to negative impacts,
since economic activities may
also provide indirect benefits.
For example, catchment
management activities for the
purpose of supplying potable
water can result in improved
biodiversity, recreation
opportunities, visual amenity
and reduced water pollution (van
Bueren and Hatton MacDonald,
2004). Positive externalities can
also include the generation of new
markets for products and new
employment opportunities.

David Marlow and Stewart Burn
CSIRO Land and Water, Victoria,
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Since externalities are impacts on
third parties, the cost and benefits of
the associated economic activity are
not factored into the decisions of the
economic agents involved in the
transactions (e.g. Hatton MacDonald
et al. 2005; van Bueren and Hatton
MacDonald, 2004).As a result, appropriate market (price) signals are not
generated.This can lead to the inefficient allocation of resources across
competing activities. For example, the

Figure 1
The basic
components of
PARMS
(Speers et al.,
2002a)
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exclusion of negative externalities
from market prices can skew decisionmaking towards short-term ‘fixes’,
rather than longer-term solutions.A
well-recognised example is the fact
that market forces currently favour
resource use and over-use, rather than
resource conservation and environmental protection.Another example of
particular relevance to today’s society is
that uncosted impacts (the presence of

externalities) affect the relative competitiveness of alternative technologies
for energy production that could help
to mitigate environmental impacts
such as those associated with greenhouse gas emissions.
Notwithstanding the importance of
issues related to greenhouse gas
emission, externalities in the water
sector are a particular concern because,
whilst water provides the basis for all
economic and social activity and
supports the ecosystems that sustain all
life, fresh water has historically been
undervalued, and charging for the
provision of water services still remains
an emotive and complex ethical issue
(e.g. see discussions in Barlow, 2007).
Without effective management
policies and institutional frameworks,
however, water resources can be
utilised without due consideration to
downstream impacts. Externalities are
generated because any use of water can
directly impact the availability and/or
suitability of water for other uses.As
such, the 1992 Dublin Principles (see
for example Solanes and GonzalezVillarreal, 1999) recognised that water

Figure 2
Magnitude settings
in PARMS;
Interruptions

Figure 3
Magnitude settings
in PARMS; Traffic
disruption

has economic value in all its competing
uses and should thus be considered
as an economic good (e.g. Meriem Aït
Ouyahia, 2006).
From the authors’ review, in the
literature relating to the water sector,
externalities tend to be considered
from the perspective of fresh water
resources; i.e. extraction of raw water
and disposal of wastewater to the
environment (e.g. van Bueren and
Hatton MacDonald, 2004). Less
attention has been given to the role of
externalities in the management of
water infrastructure. However, regulation can require externalities to be
considered. For example, the Council
of Australian Government’sWater
Reform Framework (COAG, 1995;
Hatton MacDonald et al. 2005) proposed a transition to full cost recovery
for urban water use, which includes
externalities.Achieving this goal
necessitates the integration of externalities into the decision-making of water
authorities across the range of their
activities, and thus the consideration of
externalities within asset management
frameworks. It is this aspect of externalities that is the focus of this paper.
It is worth noting that the ultimate
goal of considering externalities within
decision-making is not to eliminate
them, but to take them into account
when allocating resources.This can be
done either by using economic instruments that aim to ‘internalise’ the
externality into decision-making (for
example, property rights, taxes or
subsidies), or by using regulatory and
educational approaches (e.g. van
Bueren and Hatton MacDonald, 2004;
Denniss, 2003; BTCE, 1998).
Externalities associated with water
distribution systems
By way of example, two externalities
are considered in this paper; traffic
disruption and social/business disruption associated with pipe failures.
Traffic disruption caused by a water
mains burst is a classic example of an
externality in infrastructure management, as is social disruption associated
with such a failure.The cost of a water
supply disruption to a business is also
sometimes referred to as an externality.
Strictly speaking however, this is an
incorrect use of the term as the business has a commercial contract with
the water supplier, and is therefore not
a ‘third party’ (Speers et al., 2002b).
Nevertheless, because the cost to a
business may not be fully captured in a
water authority’s decision-making, and
because the loss of service has wider
social impacts outside those associated
directly with business loss, such
disruption can be considered as
analogous to an externality.To this
extent, the term ‘externality’ is not used

herein in its strict economic sense, but
is instead used in the context of a cost
that is not explicitly captured in the
company’s decision-making or costing
framework. It should be noted,
however, that the term ‘external cost’
is also used herein to indicate direct
financial loss associated with service
disruptions to other businesses that may
not be passed on to the water authority.
The PARMS suite of software tools
The development of CSIRO’s PARMS
suite of software tools is used throughout this paper to illustrate how externalities of interest can be identified and
taken into account in analysis relevant
to asset management and whole of life
costing.A brief description of PARMS
is thus presented here for completeness.
PARMS is a suite of modelling tools
developed in collaboration with water
sector partners in Australia, designed to
assist in the management of water
distribution networks.Additional tools
are under development for use in the
management of large diameter pipes
(PARMS-Risk) and sewers (PARMSSewers). Nevertheless, as it stands
PARMS currently consists of
two tools:
• PARMS-PLANNING: a strategic
tool designed to be used annually for
long-term planning and regulatory
reporting at a macro (network) level.
PARMS-PLANNING assesses
replacement needs based upon the
predicted cost of pipe failures in
conjunction with the replacement
and other policies adopted by the
water utility (e.g. Burn et al., 2003);
and;
• PARMS-PRIORITY: a tactical
asset management tool designed to
be used on a regular basis to schedule
interventions and manage risk at the
pipe level (e.g. Moglia et al. 2006;
Marlow et al., 2007).
Figure 1 shows the basic components
of the PARMS-PLANNING software
tool, which includes three elements of
relevance to this paper:
• A capacity for predicting asset
failures based on statistical analysis of
asset and failure data using logistic
regression techniques.The modelling approach taken is based on the
assumption that pipe failures can be
represented as a Non Homogeneous
Poisson process (i.e. as a count
process).This approach allows the
expected number of failures in each
pipe asset in each year to be
predicted, as a function of material,
diameter, age and other relevant
factors like soil type.An extension to
this model is made to produce
BLUPs (Best Linear Unbiased
Predictors), which take into account
the discrepancies between the actual
(recorded) failures and the expected
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number of failures obtained from the
basic model (Jarrett et al., 2001).This
extension is necessary because the
number of failures varies more
widely than Poisson variation
would predict.
• A Lifecycle Costing Module that
allows a comparative cost assessment
to be made for alternative
management policies over a
specified period of time, taking
into account all initial capital costs
and future (predicted) costs.
• The capacity to predict Whole Life
Costs (WLC);WLC includes the
above costs and the costs of relevant
externalities.
The ability to undertake analysis at the
asset level is essential to the consideration of externalities because, although
repair and replacement costs may
remain relatively constant across a subnetwork, the external costs associated
with failure are site-specific. For
example, the externalities associated
with a burst are potentially higher in a
shopping strip when compared to an
unpopulated area.
Structure of paper
As noted above, this paper considered
the role that externalities should play in

• The impact of externalities on asset
management decisions; discussed to
provide an introduction as to why
externalities should be considered
by infrastructure managers and
illustrated using externalities
associated with distributed
pipeline assets as an example.
• A discussion of externality
evaluation; considering how to
identify externalities of relevance
and subsequent data collection and
analysis strategies.The points made
are illustrated with examples drawn
from research into the development
of the PARMS suite of
software tools.
An indication of other approaches for
considering externalities is also given
for completeness; including the application of Life Cycle Assessment (LCA).

Figure 4
An Emphasis Curve
Matrix (WRc, 2003)

The importance of externalities to
asset management
The role of externality costs in asset
management was previously addressed
by Burn et al. (2007), who presented
conceptual arguments to show that, at
least when viewed from the perspective
of the community, the tendency of
water companies to ignore the full cost
of externalities and external costs in

Financial Consequences of $50,000
Adverse publicity
Effects on residential customers (e.g. emotional distress)
Effects on commercial customers
Financial consequences of $20,000
Effects on industrial customers
Environmentally sensitive land impacted
Disruption on major road
Non-sensitive river impacted
Financial consequences of $5,000… etc.

Table 1
A ranked list
of failure
consequences

Effect

Conditions

Cost

Traffic Delay

Lost time
(Private and
commercial vehicles)

Initial road capacity 1200 vehicles/hour
Capacity during repairs reduced 40%
30% of vehicles find alternative route1
Queue takes 15 minutes to clear once
repairs completed
Modelled for one hour interruption

$1309

Business Lost

Lost net income

Assumed cost of $18 per hour/employee
Assumed value added multiplier 2.5
215 connections in worked example
Multiplier included reflecting criticality of
water to enterprise; ranging from 0.1
(not critical) to 0.9 (critical)
Modelled for four hour interruption

$15,032

1

Costs increase significantly if only more limited diversions are available

infrastructure management, using the
example of the PARMS tools to
illustrate some of the underlying
concepts.The remainder of the paper
addresses this subject matter in the
following way:

their analysis could greatly underestimate the economic value of asset
replacement and lead to insufficient
levels of capital maintenance (renewals
spend). In contrast, the inclusion of
externalities in the analysis can provide

Table 2
Worked examples
of externalities and
external costs

a truer reflection of the cost of service
provision to the community across the
‘triple bottom line’ of economic, social
and environmental performance (e.g.,
see Elkington, 1998; Kenway et al.,
2006 for a discussion of triple bottom
line concepts), and can allow a higher
expenditure in maintenance activities
such as renewal to be justified, though
affordability and (more usually)
customer willingness to pay issues must
still be considered (Burn et al., 2007).
In a review of sustainability within
the Australian water sector, Marlow
(2008a) also argued that the inclusion
of externality costs in decision-making
is necessary for the development of
asset management frameworks that are
aligned with the enlightened concept
of ‘sustainable development’ (see also
Marlow 2008b and 2006 for discussion
of ‘sustainability based asset management’). Given the increasing stress
placed on the natural environment and
communities around the world,
sustainability is considered by the
authors to be a necessary and desirable
aim in and of itself. However, from a
pragmatic perspective alone, water
authorities could consider addressing
sustainability aspects of asset
management both to facilitate
stakeholder relationships and to
improve authority performance with
respect to financial, community and
environmental indicators.
Integrating externalities into asset
management
As externalities are essentially costs,
water authorities can treat them in the
same way as any other cost if an
appropriate monetary value can be
assigned. Since asset managers are
comfortable with a well used to
dealing with costs, this is the approach
to considering externalities presented
herein. For example, once a monetary
value has been placed on an
externality, it can be incorporated into
the application of whole life costing
techniques and/or the way in which
risk assessments are carried out.
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Whole of life considerations
In asset management, externalities arise
because those making decisions do not
consider all the impacts associated with
available options. Externalities can arise
due to decisions made in each part of
the life cycle; for example:
• Overall design philosophy: the
design criteria associated with water
resource exploitation (recycle, reuse,
supply-demand, etc.) dictates the
externalities generated, as does the
underlying design philosophy of the
system (capacity to meet demand,
big-pipe centralized solutions,
decentralized systems, pumped or
gravity fed, etc.).
• Detailed design stage: including
the selection of pipe materials,
equipment, and other assets.
• System operation and maintenance:
including the operating conditions,
the level of maintenance to be
undertaken, and the mix of reactive/proactive maintenance tasks.
• Rehabilitation: the type of

of which differ in the time scales
considered and scope of the
costs/impacts analysed. For example,
water authorities can undertake life
cycle costing (LCC) to assist decisionmaking. However, in applying this
approach, the assets, activities, and
impacts that lie within the system
boundary are taken to be those that
the organisation has responsibility for
and control over, which excludes
externalities.The boundaries of the
cost analysis can be expanded to
consider externalities that could
significantly influence the decisions
being made (Burn et al., 2001).This
approach is taken in whole of life
costing (WLC).WLC thus provides a
framework within which to compare
options, taking into account the
financial impact of all cost elements,
including externalities.
Figure 5
Social cost settings
in PARMS; Customer
Interruptions

Asset risk
As intimated above, externalities should
ideally be first considered in the option
evaluation stage, and analysed within a
whole of life context.This will ensure,
as far as is practicable, that new
infrastructure minimises life cycle costs,
including externalities. For existing
assets, however, consideration of
externalities is better undertaken as an
on-going evaluation of the level of risk;
analysis that should again aim to
minimise the whole life cost of asset
ownership (e.g. Davis and Marlow,
2008). Risk assessments should ideally
be undertaken in terms of the overall
potential impacts (tangible, intangible,
and externalities) that asset failure
could impose on customers,
communities, and the environment,
along with the probability that these
consequential impacts will be realised
(Burn et al., 2007).
Evaluating externalities
It should be recognised that inclusion
of externalities in risk and whole life
costing techniques rely on the ability to
fully capture environmental, social and
other externalities in financial terms.
Asset managers therefore need
approaches to help them achieve this,
a subject which is addressed in the
remainder of this paper.

technique to be used (like-for-like
replacement, trenched replacement,
trenchless replacement).
• End of asset economic life:
the method of eventual
decommissioning and disposal.
Given this view, it is natural to take
account of externalities using asset life
cycle concepts, and to compare available options from the perspective of
minimising costs.To this end, various
approaches have been developed to
analyse asset life cycle costs (e.g.
Boussabaine and Kirkham, 2004), each

Figure 6
Social cost settings
in PARMS; Traffic
Disruption

A framework for evaluating
externalities
Bowers andYoung, (2000) previously
developed a framework for evaluating
externalities related to water services, as
summarised below:
• Identify the externalities relevant to
the analysis/activity.
• Determine the magnitude of
significant externalities.
• Estimate the monetary value of
these externalities.
Whilst the detail of this framework was

derived for considering water resource
aspects of water services (for example,
to consider externalities associated
with water abstraction and contamination), the above outline scheme
provides a logical approach for
consideration of externalities for any
activity.As such, this approach is
adopted herein as the basis for discussing the evaluation of externalities.
Identifying externalities
As previously noted, externalities can
be considered in terms of life cycle
concepts, and integrated into whole of
life analysis techniques.As with any life
cycle costing approach, boundaries
need to be set that constrain the extent
of the analysis. For example, in the case
of infrastructure management, it is clear
that asset failures impact the wider
community by producing traffic
and other disruption, and that the
community would prefer not to have
these impacts imposed on them. It is
therefore preferable to expand the
boundaries of the analysis to consider
externalities associated with
these impacts.
Once the system boundaries have
been set, the process of identifying the
externalities is in many respects
analogous to the identification of risks
in a risk assessment.A decision has to
be made as to what is significant, but no
approach can ensure all relevant issues
are captured. Previous experience and
knowledge are a useful starting point.
Systematic techniques such as Delphi
studies (to mobilise expert opinion)
and focus panels can also help to
identify relevant externalities. For
example, in research undertaken during
the development of PARMSPLANNING, focus group work
revealed that the four most commonly
mentioned impacts associated with
water-supply disruption were:
• Impacts on household activity;
• Impacts on traffic (road, rail etc.)
flows arising from system breaks
or repairs;
• Loss of business income; and
• Damage to property or damage to
the environment.
Expert opinion can also be used to
assess the relevance of the identified
externalities. In the case of PARMSPLANNING, it was determined that
traffic interruption and loss of business
would produce the greatest costs; these
costs were therefore included in the
model (Speers et al, 2002b) In contrast,
in PARMS-PRIORITY analysis is
undertaken at a tactical level (finer
spatial and temporal resolution), and
property damage could therefore be a
significant decision factor under certain
circumstances.As a result, property
damage (flooding) was considered
more relevant to the analysis, and this

WATER ASSET MANAGEMENT INTERNATIONAL • 5.1 - MARCH 2009 • 23

THE INCLUSION OF EXTERNALITIES IN ASSET MANAGEMENT DECISION-MAKING

aspect was thus incorporated into
PARMS-PRIORITY (see Moglia et
al, 2006).
Determining magnitude
Analysis of externalities can be carried
out at various levels of quantification.
At one extreme the analysis is carried
out in the absence of quantitative data
and is based upon expert opinion
alone.At the other end of the spectrum, quantitative (cause-effect; doseresponse type) models are used to
predict the magnitude of the impacts.
Whilst the application of subjective
approaches may be pragmatic, it is
desirable to base the assessment of
magnitude on real data, rather than just
opinion.The question then arises as to
what data can be obtained for an
externality. Some externalities are
tangible, in that measurable data are
available or can be collated, whilst
other externalities are intangible; for
example customer distress.As with life
cycle costing (e.g. Burn et al, 2001),
data generally comes in three forms:
• Historic data – data recorded during
past activities.
• Best available guess – obtained
from experts.
• Predictive calculations – for
example, energy requirements from
which annual greenhouse gas
emissions can be calculated.
Combinations of data sources can be
used in the analysis of externality
magnitude. For example, the two
externalities considered in PARMSPLANNING are customer impacts and
traffic disruption. In the case of
customer impacts, the magnitude of
the externalities is related to:
• The length of time for which service
is lost; and
• The number and type of customer
whose service is disrupted.
In the case of traffic disruption, the
magnitude is related to such factors as:
• The length of time for which traffic
is disrupted.
• The timing of the disruption
(whether peak or off-peak travel
times); and
• The number of vehicles affected
(which in turn depends on the type
of road).
Since water authorities collect data on
these factors, or can collate relevant
data from other sources and/or make
estimates, it was possible to model the
magnitude of these externalities within
PARMS (see the examples given in
Table 2 and associated discussions).
Figures 2 and 3 show input screens that
allow authorities to tailor the
magnitude of externalities to their
own circumstances.
The potential magnitude of both
externalities is assumed to be directly
proportional to the outage duration.As

shown in Figure 2, the proportion of
outage start times and/or durations can
be based on failure records (this option
is selected by checking the boxes
labelled ‘base on failure records’) or can
be input as an assumption based on
operational experience.The ability to
model traffic disruption in PARMS is
facilitated by incorporating default
values for traffic density into the
software, which can be modified by the
user as necessary.These default values
are shown in Figure 3 and were derived
using standard traffic models applied to
hypothetical Australian case studies
(Speers et al, 2002a).
Estimating monetary value
As noted previously, one way of
integrating externalities into asset
management decision-making is to
estimate its monetary value and then
treat it like any other relevant cost
element. However, it should be
recognised that given the nature of
externalities, there will be no explicit
cost data available from which to derive
these values.As with estimates of
magnitude, a range of approaches can
be used to place a monetary value on
an externality. For example, subjective
approaches based on opinion can be
used when the aim of the analysis is
simply to take externalities into
account in a consistent way (for
example, when there is no justification
or capacity for more detailed analysis).
More quantified approaches are
available, which can involve the use of
basic assumptions such as the value of
time, or more involved investigations of
willingness to pay/accept. Some
examples of these types of approach are
given below, though it should be
recognised that a range of other
techniques are available in the
economics literature.
A subjective approach to constrain
monetary value
A subjective approach that can be used
to take externalities into account,
which has been previously used in the
UK, is based on aTotal Quality
Management technique called an
emphasis curve (WRc, 2003).This
technique uses the fact that, whilst it is
difficult to make a judgement on the
relative importance of more than three
or four non-quantifiable factors at one
time, it is relatively easy to judge which
is the more important of two factors,
using some pre-determined criteria.
In applying this technique, a
comprehensive list of consequences
associated with hypothetical asset
failures is first produced, which
includes a mix of both tangible costs
(for example, failures resulting in a
direct cost of $50,000) and non-costed
(intangible) impacts (including relevant

externalities).The consequences are
then compared in pairs to rank them in
order of importance; the pre-determined criteria for this prioritisation
being the amount of money that the
authority would be prepared to pay to
avoid the consequence.The basic
procedure used is thus to compare
factor 1 with factor 2 and select the
most important. Factor 1 is then
compared with factor 3, then with
factor 4, 5 and so on, as illustrated in
Figure 4.
Once complete, the factors are
ranked according to the number of
times they were identified as being the
more important.This produces a
ranked list of consequences, which
includes both financial and nonfinancial consequences, of the form
shown inTable 1.The financial consequences are then used as markers to
assign notional monetary values to
each of the non-monetary consequences. For example, inTable 1 it can
be concluded that the authority
considers the externality ‘emotional
distress’ to have a value greater than
$20,000, but less than $50,000; a
notional value of (say) $35,000 might
therefore be used to represent this
impact in costing or risk assessments.
The emphasis curve approach has
the advantage that it allows monetary
values to be placed against nonfinancial consequences with a
minimum of data. However, a
disadvantage is that the prioritisation
is subjective, being based solely on the
views of the participants.
Quantitative estimates for
tangible externalities
As noted previously, data will not be
available for costs as such, but basic
assumptions can be made in some
circumstances to convert estimates of
magnitude into monetary values. For
example, for the externalities considered within PARMS-PLANNING,
data were available or could be collated
to estimate magnitude.The monetary
value was then assumed to be dependent on the value of time. Hence:
• In the case of traffic disruptions,
standard traffic models were applied
to hypothetical case studies, taking
into account the value of time and
the time cost of interruptions.
• Business loss was calculated by
taking a standard hourly rate for
employees, an estimate of the
number of employees, and assuming
a multiplier of 2.5 for lost value
added per employee.
Table 2 shows outcomes of two
worked examples developed to gain a
feel for the size of the cost of traffic
interruptions and lost business. Costs
of $1309 and $15,032 respectively
were estimated.These are not
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insignificant sums, especially when
aggregated across a network.
This rapid appraisal approach is
simple to use, but quite site (and thus
user) specific.As such, PARMS was
again designed to be user-configurable.
Figures 5 and 6 show the input screens
that allows utilities to tailor the
monetary value of externalities to
their own circumstances:
Choice modelling
As well as the approaches described
above, choice modelling was also
undertaken in the development of
PARMS to understand customer
attitudes to service interruptions. Put
simply, choice modelling is a technique
for determining preferences from a
range of attributes (Speers et al, 2002a).
The research undertaken involved the
following steps:
• Defining what the change in a
parameter of interest could be (e.g.
flow, service interruptions).
• Determining the potential impacts
of this change (at a micro and macro
level); and
• Valuing the attribute changes using
the choice modelling technique.
In summary, customer preference
surveys were first used to determine
those aspects of service valued by the
customer. Choice modelling was then
used to put a monetary value against
the important aspects of service,
expressed in terms of willingness to
pay (WTP) for improved service levels,
or willingness to accept compensation
for decreases in standards.The results
were then aggregated to evaluate the
cost or benefit of the change in
standard from the perspective of the
customer (see Speers et al, 2002b for
details). For example, the research
showed that the customers included in
the choice modelling questionnaires
were willing to pay $2.35 per annum
to achieve a reduction in the length of
an average interruption from six to
four hours.Assuming a site of 500,000
properties, this translated into a total
annualWTP of $1,175,000 p.a.
Similarly, customers were willing to
pay to pay $2.20 p.a. for a reduction in
frequency of interruptions from two
p.a. to one p.a.
This process not only establishes an
estimate of what the community is
willing to pay for improved environmental quality or levels of service, but
also teases out how people value
specific attributes. For example, in the
development of PARMSPLANNING, the research showed that
the components of an interruption
that were deemed important in terms
of inconvenience were:
• Duration of the interruption;
• Advance notification of
the interruption;

• Time of day of the interruption; and
• Number of interruptions per year.
Choice modelling also allowed the
researchers to determine that the cost
per supply interruption increases if
there are multiple interruptions to a
single customer (see Speers et al,
2002b). Hence, the perceived cost of
(say) three interruptions to a single
customer is higher than three supply
interruptions for different customers.
Beyond whole life costing and
risk assessment
The approaches described above allow
a cost to be put against some externalities. However, as noted previously, since
there are no direct market prices for
externalities, these costs remain
difficult to represent in terms that are
acceptable to all stakeholders. In a
wider context, sustainability issues such
as community values and social
acceptance are even more difficult to
put a monetary value against.An
alternative approach that can be used
without the need to reduce impacts to
purely monetary terms is life cycle
assessment (LCA). Similar toWLC,
LCA is a technique for evaluating all
processes involved with an asset,‘from
cradle to the grave’, that is, from
resources, through transport, to use and
disposal of the asset (Todd, 1996). LCA
can also incorporate factors such as
social issues (e.g. community values and
social acceptance), which allows this
technique to incorporate wider
sustainability principles (Maheepala et
al, 2003). On the other hand, unlike the
treatment of externalities presented
herein, LCA does not provide answers
in the language used by decision
makers (i.e. dollars).There are thus
tradeoffs to be considered in the use
of any decision support technique,
including the consideration
of externalities.
Rather than advocate the use of one
methodology, asset managers should
perhaps use a judicious combination
of available approaches to provide
different views on the intervention
options available, with due consideration being given to the data available to
support analysis and the technical
capacity available to use tools.This
approach is taken in the assessment of
whole life value (WLV), which is
purportedly becoming adopted in the
UK construction sector.TheWLV of
an asset represents the optimum
balance of stakeholders’ aspirations,
needs and requirements, and costs over
the life of an asset (Mootanah, 2005).
As detailed in Bourke el al, (2005),
the assessment ofWLV is not a single
methodology as such, but is instead
achieved through application of a range
of methodologies includingWLC,

LCA, value management, and risk
management.WLV takes account of
the costs and benefits associated with
the different stages of the whole life of
the asset, and includes the consideration of the perceived costs and benefits
of some or all of the stakeholders’
relevant value drivers. It can thus be
inferred that if the stakeholder’s
aspirations embrace sustainability
principles, the analysis of externalities
will remain an important aspect of
WLV undertaken at the option
evaluation, planning and design stage.
Conclusion
This paper has considered the role
externalities will play in an enlightened
view of asset management aligned with
the concepts of sustainable development. It must, of course, be acknowledged that for asset management
frameworks to become a real tool in
delivery of sustainability objectives,
stakeholders must first become
engaged in the need for change, and
systems of regulation and incentives
put in place to drive business
aspirations in a sustainable direction.
This in turn will require the
integration of externalities into the
way decisions are supported.
It has been shown that externalities
can be characterised in terms of the
asset lifecycle. Given this view, it is
natural to take account of externalities
using life cycle costing techniques.To
this end, analysis of externalities should
form part of the option evaluation
stage, undertaken within a whole of
life context.
Techniques such as whole of life
costing and life cycle analysis facilitate
the consideration of externalities at the
design stage. For existing networks,
however, consideration of externalities
will involve an on-going evaluation
of the level of risk associated with
individual assets and/or groups of
assets.This analysis is again undertaken
to minimise the whole life cost of
asset ownership.
The inclusion of externalities in the
analysis of investment decisions
provides a truer reflection of the cost
of service provision to the community
across the ‘triple bottom line’.This can
allow a higher level of investment and
expenditure in maintenance activities
such as renewal to be justified, though
affordability and (more usually)
customer willingness to pay issues
must still be considered.
A generic framework for evaluating
externalities related to water services is
presented in the paper, which is
summarised as:
• Identify the externalities, an
important aspect of which is to
define an appropriate
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system boundary;
• Determine the magnitude of
significant externalities;
• Estimate the monetary value of
these externalities.
This framework was applied during the
development of the PARMS software
suite, and examples have been presented that illustrate the techniques used,
drawing on a range of data sources.The
research into PARMS showed that the
level of externalities can be significant
relative to other factors involved in the
management of water infrastructure.
Since the costs generated in the
analysis of externalities are nonmarket, the efficacy or otherwise of
externality calculations is always open
to challenge. However, as illustrated in
this paper, analysis can be undertaken
so as to represent externality issues in a
consistent manner and thereby provide,
at the very least, a relative measure of
the real cost of different management
strategies.Water authorities can then
provide justification to stakeholders for
budget levels that take into account the
wider impact of their activities.
Incorporating externalities into the
approaches used to select specific asset
management interventions also has the
potential for allowing more robust
decisions to be made, especially if
appropriate sensitivity analysis is
undertaken to assess the impact of
externalities on the relative value of the
available options.
The inclusion of externalities into
decision-making is essential if the water
sector is to deliver across triple bottom
line requirements. However, it is
important to note that consistency in
the treatment of externalities (between
water authorities and even individuals
within a given authority) can only be
achieved if appropriate guidelines are
set and used. Development of these
guidelines is an important challenge
that still needs to be addressed by the
water sector.
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AM UPDATES

IWA Water Operators Partnerships (WOPs) launch of questionnaire
WA has launched its Water Operators
Partnership questionnaire to encourage
networking and facilitate the sharing of best
practices of water operator partnerships.
The WOPS survey is part of an IWA work plan
currently being conducted to support the
International Water Association’s Water
Operators Partnerships activities. The purpose of
this survey is to establish a knowledge base on
WOPs to catalogue experiences and to define
workable WOP models that can be used across
the sector.
A fundamental part of IWA’s mission is to
provide opportunities for members to learn from
each other across the different subject areas
and geographies. The IWA network provides
opportunities for capacity strengthening and a
variety of collaborations have been brokered over
the years, many specialists throughout the global
network have contributed with their expertise.
Following contact from UNSGAB, UN-DESA, and
UN-HABITAT, IWA was invited by UN-HABITAT

I

to develop and coordinate WOPs-related
activities in developed and underdeveloped
economies.
No current organisations have the capacity to
reach the many thousands of water operators in
the world. The rationale behind the WOPs
concept is consequently that the most capacity
for improving water and sanitation operators is
within the operators themselves. The WOPs is
based on mechanisms to allow these operators to
systematically communicate amongst each
other, without having to wait for donors, international financial institutions or other organisations
to establish contacts and develop projects.
The main objectives of this WOPs
questionnaire are:
• To help encourage networking and facilitate
the sharing of best practices of water operator
partnerships;
• To better understand the institutional
arrangements and the characteristics of the
utilities which make up successful

partnerships in different regions of the world;
• To better understand the experiences and best
practices of partnerships;
• To identify the challenges in partnerships and
the barriers in practice that may hinder the
implementation of successful water operator
models.
Accordingly, IWA seeks the most accurate, nonbiased and factually-based answers to the survey
questions. The results of this survey will help
to ensure the appropriateness of actions of
international supporting companies towards the
implementation of successful WOPs models. To
take part in this survey, please download from the
IWA website at:
http://www.iwahq.org/templates/ld_templates/lay
out_633184.aspx?ObjectId=679683
More information about the WOPs programme
can be found at the following link:
http://www.iwahq.org/templates/ld_templates/lay
out_633184.aspx?ObjectId=675379

WRc launches new approach to Sewerage Risk Management
he WRc Group have now extensively revised
and updated The Sewerage Rehabilitation
Manual (SRM) 4th Edition by extending and
developing it into the Sewerage Risk Management
website.
The Sewerage Rehabilitation Manual has for
over 25 years been a key document for
planning upgrading work on sewer systems
both in the UK and worldwide.
The SRM presents an iterative,
comprehensive risk-based approach to the
management of sewer system assets compatible
with EN752:2008 Drain and Sewer Systems
Outside Buildings and the UKWIR Common
Framework which is able to take account of
strategic drivers such as climate change
adaptation and integrated urban
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drainage management.
The key changes include performance
assessment approach being explicitly risk based,
risk based tools provided for many of the most
important risks, and allowance of greater
flexibility in the scale of analysis (not just
drainage area). The introductory part of the
website is in the public domain. The detailed
methodology and reference information is
available to interested parties on a
subscription basis.
The website is split into three sections:
general information, strategic overview and
SRM procedure.
The first section contains general information
about the SRM website including contact
information, background to the manual and

broad principles of the approach, legal and
contractual information and an overview of
EN752. It is in the public domain.
Section two summarises each of the 11 steps
of the SRM procedure and provides a useful
starting point for novel users of the website or as
a refresher for the 4th Edition of the SRM. This
information is in the public domain.
Section three occupies the major part of the
website and contains all the detailed data and
information concerning the 11 step Sewerage
Risk Management procedure which will lead to
the formulation of a Sewerage Management
Plan. Access to this part of the website is
restricted to licensed users.
For more information, please visit:
http://srm.wrcplc.co.uk

Flowserve launches asset management tool
lowserve Corporation, a provider of flow
control products and services for the global
infrastructure markets, has announced the launch
of Flowserve ValveSight, an asset management
solution for integrated control valves and
automated quarter-turn valve packages.
The ValveSight solution aims to reduce
unexpected plant or process downtime by
predicting potential failure modes and prioritizing
condition-based maintenance before the
performance of the working process can
degrade. ValveSight reduces maintenance costs
associated with preventative and break-fix
activities by ensuring that actions are focused on
solving root causes and not just symptoms. Most
importantly, says the company, ValveSight
improves safety and environmental compliance
by proactively identifying critical issues before
they occur.
ValveSight’s diagnostic software continuously
receives diagnostic data from the valve, actuator,
positioner, and control signal while the process is
running and displays the data in a graphical user
interface. The ValveSight interface is designed to
allow users to translate a broad spectrum of
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different alarms and data points into simple at-aglance colour-coded health indicators. The
diagnostic algorithms within ValveSight recognize
data patterns that indicate an eroding service
condition before a process variable reaches an
out-of-tolerance level, and translate that
condition into actionable device-specific
maintenance advice.
‘Plant operations depend on the performance,
health, safety and environmental considerations
of valves and actuators. ValveSight’s predictive
intelligence built into the Logix MD digital
positioners addresses these concerns by
improving output and lowering costs without
sacrificing safety and reliability,’ said Ahmad
Zahedi, Director of Research and Development,
Control Sector, Flowserve Flow Control Division.
‘ValveSight allows for increased mean time
between failures by allowing plant managers to
pinpoint developing malfunctions while the
control valve is still in service, and reduces mean
time to repair during turnaround periods.
ValveSight software is easy to use and simple to
integrate into plant operations.’
ValveSight helps plant managers better

prioritize planned maintenance. Instead of
checking and servicing hundreds of control
valves during scheduled downtime, ValveSight
alerts maintenance only when and where it is
needed, saving time and money.
The system is compatible with both Flowserve
and competitor valves and ValveSight is also
available as an upgrade to most existing Logix
3000 series positioners. The company plans to
make ValveSight available on the Flowserve Logix
500 and PMV D3 family of positioners in the near
future, as well as the Flowserve Automax family
of smart switchboxes for quarter-turn
valve packages.
Running on FDT/DTM, a globally recognized
integration standard, ValveSight can be
connected to a Host DCS, workstations, or
any system that supports FDT/DTM open
architecture. Due to the FDT/DTM technology
standard, the user does not need special training
in order to gain immediate benefits of the
ValveSight system.
For more information, please visit:
www.valvesight.com
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Third Edition Concrete Pressure Pipe (M9)
American Water Works Association
This AWWA Manual of Water Supply Practices
provides all of the supplemental information
engineers and designers need to achieve optimal
field performance of concrete pressure pipelines.
Concrete Pressure Pipe (M9) was reviewed
and developed by an AWWA volunteer committee
made up of practitioners in concrete pressure
pipe engineering and manufacturing. In addition,
the manual was reviewed and approved by the
AWWA Standards Committee on Concrete
Pressure Pipe. Additionally, Concrete Pressure
Pipe (M9) includes the Guide Specifications for
Purchasing and Installation of Concrete Pipes.
This guide will assist engineers in controlling the
many variables of pipe installation to assure
specified product performance.
American Water Works Association, 2008
ISBN: 1583215492
Price: $113.00
AWWA Member Price: $75.00
To order visit: www.awwa.org/bookstore

Communicating the Value of Water:
An Introductory Guide for Utilities
AwwaRF Report 91222 + CD-ROM
Authors: E Means, Z Chowdhury, G Westerhoff, L
Passantino, and J Ruettan
Communication, both within the utility and with
external stakeholders, is essential for the long
term sustainability of utilities. One of the biggest
challenges that utilities face is the ability to
obtain the finances necessary to complete
projects related to water quality and water
quantity. If the utility can effectively
communicate the value of the water services
it provides and the value of water as a lifesustaining resource, customers may be more
prudent in their use of water and more willing to
pay higher rates, city decision makers will be
more likely to approve rate increases, and the
utility will be more likely to gain the finance
needed for long-term sustainability.

The goal of this project was to develop
practical guidance and tools that can be used by
water officials to properly communicate the value
of water. The specific objectives were as follows:
• Research available studies related to
communication with customers and stakeholders both in the water utility field as well as
other organizations that require public support
to glean ‘lessons learned’
• Supplement the available studies with surveys
and workshops that are directly related to
communicating the value of water
• Develop a branding strategy that builds public
trust and communicates the utility value
proposition to the customer and stakeholder
• Develop specific guidelines, plans, and
processes, along with communication tools,
that can be used by water utilities to devise
a communication programme for their
water utility.
The approach for completing this project started
with an extensive literature search on the topic of
communicating the value of water followed by
several workshops, meetings, focus groups, and
interviews to help identify key messages to be
used in communications plans. The information
collected in these project activities was summarized and used to develop a step-by-step model
for communications planning. The model
incorporates aspects of strategic planning,
communications gap analysis, behavioral gap
analysis, branding, and national communications efforts. An electronic Communications
Toolkit was also developed.
IWA Publishing, January 2009
161 pp. Paperback
ISBN: 9781843396260
Price: £120.00 / US$240.00 / €180.00
IWA members price:
£78.00 / US$156.00 / €117.00
To order visit: www.iwapublishing.com

Analysis of Integrated Methods for

Wastewater Treatment Plant Upgrading and
Optimization
WERF Report 04-CTS-5
Author(s): Movva Reddy and Krishna Pagilla
This guidance document incorporates the
systematic approach for integrated capacity
assessment of a wastewater treatment plant
and identifying performance limiting factors.
Based on evaluation by the project team, this
document presents the ‘best-practices’
approach that defines a systematic process for
applying analytical methods and testing tools
to optimize and upgrade wastewater
treatment plants.
This guidance document suggests a
systematic approach for capacity evaluation,
which has three generalized stages: desktop
evaluation as an initial plant assessment;
detailed evaluation for individual unit process
analysis and testing, along with integrated
evaluation of the whole plant; and field scale
testing as confirmative testing for implementation
of corrective actions.
The document covers analysis, testing
methods, and protocols for plant monitoring. It
describes the integrated hydraulics and process
modeling approach for determining plant
capacity. The document addresses currently
practiced treatment processes, evaluation tools,
and equipment in the industry. Individual unit
processes in liquid treatment and solids handling
are illustrated with detailed process analysis and
testing, performance limiting factors, approaches
for overcoming potential constraints, capacity
assessments, and case studies. The document
also provides recommendations and sources of
detailed information for testing procedures.
IWA Publishing, February 2009
260 pp. Paperback
ISBN: 9781843395256
Price: £103.00 / US$206.00 / €154.50
IWA members price:
£77.25 / US$154.50 / €115.88
To order visit: www.iwapublishing.com

For more information and to order these and other titles from IWA Publishing, visit www.iwapublishing.com

AM DIARY
A listing of upcoming asset
management-related events
and conferences. Send event
details to WAMI for inclusion.
Benchmarking water services:
the way forward
12-13 March 2009, Amsterdam,
Netherlands
Contact: Conference Secretariat
Tel: +31 725 899 062
Email: info@moorga.com
Web:www.moorga.com

Utilities Asset Management
conference
24-25 March 2009, London, UK
Tel: + 44 (0) 20 7017 7790
Email:kmregistration@informa.com

Web: www.iir-events.com/IIRConf/page.aspx?id=17432

Water Loss 2009
26-29 April 2009, Cape Town,
South Africa
Email:
waterloss2009@randwater.co.za
Web:www.waterloss2009.com

14-18 June 2009, San Diego, USA
Contact: Cilia Kohn/Tricia
Loughead
Email:awwamktg@awwa.org
Web:www.awwa.org/ace09

Singapore International Water
Week - Singapore
22-25 June 2009
Web: www.siww.com.sg/

Water Malaysia 2009
19-21 May 2009, Putra World
Trade Centre, Kuala Lumpur
Contact: Ms Kelly Liau
Tel: 603 6140 6666
Email: kelly@protempgroup.com
Web: www.watermalaysia.com

AWWA Annual Conference &
Exposition (ACE09)

Asset Management of
Medium and Small
Wastewater Utilities
3-4 July 2009, Alexandroupolis,
Greece
Contact: Konstantinos P. Tsagarakis
Tel: +30 28310 77433 or
+306945706431
Email: iwa@econ.soc.uoc.gr
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Web: http://iwasam.env.duth.gr

2nd International Conference
on Water Economics, Statistics
& Finance
3-5 July 2009, Alexandroupolis,
Greece
Contact: Konstantinos P. Tsagarakis
Tel: +30 28310 77433 or
+306945706431
Email:iwa@econ.soc.uoc.gr
Web:www.soc.uoc.gr/iwa

5th IWA Specialist Conference
on Efficient Use and
Management of Urban
Water Supply
19-21 October 2009, Sydney,
Australia
Web:www.efficient2009.com

