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Abstract

IGPI, the National Initiative for Infrastructure set Management (April 2012 -
October 2013), is a Portuguese collaborative ptdgetby LNEC (National Civil
Engineering Laboratory, Portugal) through whichvi&er utilities develop their
own IAM systems and plans through a joint trainamgl capacitation programme.
Technical assistance to the participating utiliignsured by LNEC, by a team
from IST (Technical University of Lisbon) and by ditdon, a software
development company. The water utilities get ctiMecas well as one-on-one
support, specific training, and benefit from netiking with the other utilities in a
common and simultaneous process, with similar alffies and challenges,
leading to an effective sharing of solutions. Tleeloped products, including
training materials, templates and guidelines foretlgping strategic and tactical
IAM plans, are available to the general public.

This project has greatly contributed to the essdiblient of reference
methodologies and standards for IAM planning, destrated in a range of
utilities of widely diverse size and context, etfeely defining an accepted best
practice. This paper discusses the project’s foandtits advantages, and goes on
to describe the main outcomes, including selecésg< and final products.

Keywords
Urban water services; infrastructure asset managemalaborative project;
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INTRODUCTION

Portugal’s public water service infrastructureghie 1970s were clearly below European average
coverage levels. Significance convergence effanttettaken in the 1980s and 1990s allowed those
levels to sharply rise, and towards the end ofcérgury all populations living in urbanized areas
had full access to water supply and wastewateicssyv

This rapid growth was not matched by adequate @apiintenance levels of the previously
existing infrastructure or by sufficient capacibatiinvestment for the majority of the utilities.
Although relevant structural reforms were undentakes full coverage neared, the deficit in
infrastructure asset management (IAM) continuedetepen to the present day.
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A number of important measures have been undertakegrent years to reverse the trend and to
help equip the country’s utilities with the mearmsredress the long-term sustainability of the
existing assets. National legislation passed in92@dfective 2013 (Decree-Law no 194/2009),
requires an 1AM system in all water supply servieesl urban wastewater management services
serving 30 000 people and over. Following thisdigion, the national Water and Waste Services
Regulation Authority (ERSAR), in conjunction wittiNEC and the Technical University of Lisbon,
published two technical guides outlining an intégdalAM methodology and a set of supporting
technologies (Alegre & Covas, 2010; Almeida & Ca0lc2010).

This methodology approaches IAM as a managemermepsp based on continuous improvement
principles (Alegre & Coelho, 2012) and requirindl falignment between the strategic objectives
and targets, and the actual priorities and actimpdemented, thus embedding the key requirements
of the forthcoming ISO 55000/55001/55002 standardsisset management (ISO, 2012a,b,c). The
manuals were produced as part of a landmark profattARE-P, aimed at providing water and
wastewater utilities with the know-how and tooleded for efficient decision-making in the scope
of infrastructure asset management of urban waterices (aware-p.org, Alegret al, 2013;
Alegre & Coelho, 2012). AWARE-P was a direct suscedo European R&D projects CARE-W
and CARE-S, trying from the outset to reach theustd/ and society with useable, effective
products that can make a difference in capacitiding and support to the planning process. These
included training courses and an open-source sadtfeanily (Figure 1) that has a community of
over 1000 registered users worldwide at the preseet(Coelhcet al, 2013).
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Figure 1. The AWARE-P softwarev(vw.baseform.orjy

iIGPI, the National Initiative for Infrastructure get Management (April 2012 - October 2013,
www.iniciativaGPl.org, was launched to help broaden the impact of thuséhodologies and
products and reach out to utilities nationwide isignificant way. It utilized a collaborative forina
pioneered by LNEC in the last decade, and aimeaksitt a representative sample of utilities of
diverse size and context develop their own 1AM eyst and plans through a joint training and
capacitation program. This paper discusses thegtsjformat and its advantages, and goes on to
describe the main outcomes, including selectedscarse final products.

Pursuing a national-level IAM initiative was driveg a number of goals:
» create awareness to the need for long-term subtaipand integrated IAM planning;
« establish a core set of fundamental concepts astdpb&ctice principles;
» consistently capacitate the utilities;
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» generate a first batch of effective business c#sasmight create enough precedent for a
broader roll-out;

* demonstrate that IAM is not a one-size-fits-all usimn and emphasize the need for
significant in-house development with strong ineshent and alignment of the strategic,
tactical and operational levels of the organization

* bring to evidence that long-term sustainability amegrated IAM planning is as crucial and
applicable to larger or more resourceful utiliteessto the smaller or more challenged ones;

* generate enough scale as a project to be ablevédogereference best-practice tools.

A COLLABORATIVE PROJECT: WHY AND HOW?

Why

In Portugal, as in most countries, generalized @mgntation of strategic infrastructure asset
management of urban water systems requires a @abié mind-set shift for the water sector as
well for decision-makers, politicians, the mediag &ociety in general.

The collaborative project format is particularlyestive in this kind of situation. Mutual validatio
and recognition from a peer group provides a greaimfort zone for early adopters. The scale of
these projects ensures a high visibility and impaatational terms, contributing to creating the
aimed awareness and appetite for the theme. Additig developing cases that are representative
of a nation’s reality have a significant leveraggact, demonstrating applicability and allowing for
further learn-by-example training.

How

Collaborative projects are a tried, tested and -astlepted format that LNEC promotes in
association with utilities in Portugal, with supp&rom academic research and private industry.
They are leading multi-stakeholder R&D projectsthvwoint teams of research developers and users
of the research products, ‘working with’ insteadwbrking for’. In general, this provides scale to
the projects, produces a networking effect andwaldor combining strategic research with
practical problem solving, and industry hands-gpac#ation.

The projects are launched on topics of nationawviaaice where R&D is ready for rollout. An open
proposal is issued defining objectives, methodolagghedule, training syllabus, partner roles,
deliverables, and cost of participation. The pulgioposal is often further developed with the
group of interested utilities. When relevant, thiity selection process may include criteria

designed to ensure national representativenesspifject is launched if a break-even number of
utility candidates is reached (usually around 1R-TRe maximum number of participating utilities,

usually 15 to 20, is limited by the promoting teartraining and direct support capacity.

These projects follow a phased schedule, with 3-teonth phases and a total duration of 12 to 24
months. Each phase starts with face-to-face trgjrand with the specification of the work to be
developed by each participant. Training is complate@ with e-learning via webinars and on-line
materials throughout each phase. While the utieyms develop their pilot cases, LNEC and its
development partners analyze results, provide ormié assistance to the utilities and prepare the
training materials, guidelines, templates or soferthat may be needed for the next phases.

The ultimate aim is that by the end of the proji& participating utilities are fully capable of
developing and systematically applying by themselhe same kind of work to other cases in their
organizations. With this in mind, the work carri@at combines technical and management aspects,
facilitating the implementation of organizationadjestments and the establishment of internal
procedures leading to adequate management processes
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iIGPI (April 2012 - October 2013) is the fourth dfese projects, preceded by: PI-Water, on
performance indicators of water and wastewateitiatl(2000-2003), INSSAA, a national initiative
on water network analysis and simulation (2004-20@nd PASt21, a national initiative on
performance assessment of water and of wastewaainmtent plants (2009-2011). iPerdas, on
water losses and energy efficiency, has just baenched, and a second round of iIGPI is under
consideration at the time of writing.

Feedback on this model from participating utilitiess been encouraging, emphasizing both the
effective capacitation and the prolific networkimith their peers. From an R&D viewpoint, data
sharing in such large, multi-stakeholder projesally produces vast amounts of representative
data sets that are vital in the validation of mdthand tools.

PARTICIPATING UTILITIES

Nineteen Portuguese urban water utilities take frathe iGPI project, ranging in population
served from approximately 390,000 to 3,000, anth witarge diversity of scope (water, wastewater,
storm water), institutional framework (e.g., mupali, inter-municipal, concession) and complexity
(Figure 2). The level of maturity in terms of infioation availability, technical sophistication and
management processes implemented is also diverse.
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Figure 2. Utilities taking part in the iIGPI project

In parallel with iGPI, a twin initiative using tleame format and materials was promoted by AGS, a
water services holding, involving 14 of their cossiens (Felicianet al, 2013a,b). AGS had been
a partner in the AWARE-P project.

! Two independent consultants, Acquawise and Petineifla, also take part in the project, in assoniatiith
individual utilities.
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PROJECT OUTCOMESAND PRODUCTS

The outcomes from LNEC’s collaborative projectslude direct results for the utility partners,
products made available for professionals and goatelarge, and research results published in the
form of MSc and PhD dissertations and articles.liféRowed this path. The main outcomes for the
participating utilities and the key industry prothiare summarized in the following sections.

Outcomesfor the participating utilities
Adding to the competences gained with the traimirayided and the assisted experience achieved,
each participating utility benefited from other j@at outcomes, summarized in Table 1.

Table 1. iGPI program: objectives and outcomes

Objectives \

Outcomes

Phase 0

Warming-up: project organization

and start of baseline data collection,

Detailed planning of activities;
Definition of teams and project managers for eaaftigipant water utility;

Definition of information to be collected.

Phase 1

Strategic planning level and tactica
planning level: objectives and
diagnosis

Concise report containing: objectives, assessméatia, metrics and
targets to strategic and tactical planning (makedls;

Strategic level diagnosis;

Data survey priorities.

Phase 2

Strategic planning level and tactica
planning level: plan development

Full version of the IAM strategic plan;
Prioritization of network sectors at tactical irtention level.

Phase 3

Tactical planning level: formulation
of IAM alternatives for the utility
pilots

First draft of the IAM detailed-tactical plan comtiag:

objectives, criteria, metrics and goals;

diagnostic of the priority area;

identification of infrastructural and non-infrasttural alternative solutions.

Phase 4

Tactical planning level: evaluation
and comparison of alternatives

Full version of the IAM tactical plan, includingethtetailed tactical planning
for the priority (pilot) area(s);

Procedures for the collection, organization andityueontrol of data
relevant to IAM (GIS network records, work ordezendition
assessment/inspection, accounting data, amongspther

Products

One of the features of LNEC'’s collaborative progeistthat the products developed in the scope of
the project are placed in the public domain. Indgase of iGPI, these included:

 Guidelines to produce IAM strategic and tacticalngl, and sample MS Wd&tdemplates;

» Training materials (presentations slides, writteatenals);

» Significant improvements in the AWARE-P software;

* A national visibility public event where the partiants reported mid-term results (in March

2013; around 200 attendants);
* Papers in industry publications.

IMPACT SO FAR

The impact of the project can be gauged indivigutidrough the participating utilities as well as
from a broader perspective on the national watetoseSome of most relevant accomplishments

for the participating utilities are:
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Effective harmonization of the organization’ objees, among the various management
systems in place, such as certified quality of ganzent systems (e.g. towards 1SO 9000
and ISO 14000) and Balanced Score Cards implen@mtads the most commonly
represented in the group.

Considerable alignment between decision levelstatdeen management processes (e.g.,
the same performance indicators are now adoptess®d¢he entire organization in most
cases).

Effective use of the IAM strategic plan finalizedDec. 2012 as a management tool.

A change of attitude from the top managers towd#dd, both internally and externally,
turning them into IAM advocates when addressingwothilities outside iGPI.

Acquired competences of the organizations’ humasoures on IAM, including
management skills and, on the technical side, grd¢amiliarity with analysis tools such as
hydraulic simulation, pipe failure analysis andefcaisting and performance assessment.
Leveraging a 'stone soup' effect as regards infoomasystems: a directed, demanding
horizontal requirement for data exerts positivesgron the ensemble of the utility’s IS
(such as GIS, customer service, work orders, maamee and EPS, among others) and is a
powerful driver for significant improvements in datepth, quality, focus and integration.
Implementation of many new or enhanced proceduneddta collection, particularly

related to work orders and surveying of buried tgsse

From a broader viewpoint, the project has contadub changes in the water sector and society in
a number of ways:

for utilities that are not taking part in iGPlLhas helped raise awareness to the issue and
made available software tools, documentation aadmphg templates, as well as a
networkable community of iGPI users;

the national water services regulator, ERSAR, hasety followed iGPI and helped
promote it — the existence of a project of thigsiavolving a representative sample of
utilities provides ERSAR with a workable basis wiatfier develop the current regulatory
framework and public policies as regards IAM;

the methodology and tools developed under AWAREPlaoadly validated through iGPI
have made their way into graduate and postgraduatieula in universities in Portugal
(Technical University of Lisbon, Oporto Polytechritvora University), Spain (Valencia
Polytechnic University) and Norway (NTNU); expresss of interest have been received
from other countries in Europe;

iIGPI has helped raise awareness to the issue andbeded to its definitive inclusion as a
mainstream topic in all relevant national watevsss-related events.

Outside Portugal the format and the results of i@®Blattracting direct attention from
several countries (e.g. Brazil, China, India, Dantdgion countries) and already enabled
changes in some cases (e.g., it has directly imgBrazil’s National Quality of
Management Award-PNQS to incorporate IAM-relategureements for the 2014 edition).

METHODOLOGY AND GENERAL FINDINGS

From the technical viewpoint, the project followdd AWARE-P IAM planning methodology in a
timeframe common to all participating utilities. @methodology (Figure 3) follows a continuous
improvement, plan-do-check-act (PDCA) loop, driv®nthe stated objectives and by an educated
choice of assessment criteria, supported by adequetrics and quantifiable targets. The process is
applied at the strategic, tactical and operatideaisional levels in the utility, striving for alighent

of objectives, metrics and targets between levatswell as consistent feedback across levels
(Alegreet al, 2013; Alegre & Coelho, 2012).

The schedule of works aimed at a first completdt dvh the strategic IAM plans at month 8
(January 2013), and of the tactical IAM plans bynthol6 (September 2013). Alongside with the
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tactical plan, which has a corporate nature, there
one analysis document for each network sector whe
specific tactical intervention plans have bee
developed. In this project, those sectors weretgilc
selected during the first half of the schedule.

Objectives > assessment criteria >
> metrics > targets

DlagnOS|s

Produce Plan

Implement Plan

All the participating utilities with water supplgnd

wastewater services developed separate tactical 1A
plans for each of the services. The strategic IAl
plans were common to all services, and soug

Monitor Plan

integration with (or in some casess) the .

organization’s strategic plan. All the utilitiesailded Figure 3. The 1AM PDCA loop

to adopt the strategic and tactical plan templ#tas were developed by the project team; these
formats proved to be flexible enough to fit thegamf situations encountered (Figure 4).

The single most complex step involved in the dgwelent of the strategic plans (and later, again at
the tactical level) was the choice of objectivegasurement criteria and corresponding metrics.
This is an iterative, disruptive process as regaius established practice in this type of
organizations, and where the involvement of theouar decisional levels is most crucial. Utility
staff are used to looking at indicators or othgety of metrics as a final compliance check, b les
accustomed to using them as everyday diagnosigegigion-support tools.

Such difficulties were patent in the participatintjities from the outset; however, project group
dynamics were clearly useful as the difficultiesl gntfalls encountered were often similar, and
generated commonality in the solutions found. Ailittes managed to develop consistent systems
of strategic and tactical objectives, and theiregponding criteria and metrics; their availabilgy
one of the most important gains of the project'swoeking and large number of cases generated.
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Portugal’'s water services regulatory framework udels a well-established system of quality of
service indicators for water supply, wastewater sokitl waste (ERSAR and LNEC, 2010). This
system was developed following ISO 24510/11/12qpples (ISO 24510: 2007, ISO 24511: 2007,
ISO 24512: 2007) and reflects abjectives > criteria > metricslogic, in accordance with
management best practice. On the other hand, armh&encorporating the aspects directly related
to economics and level of service — as followed rbgst water service regulators —, the
Portuguese regulatory system also includes infrestral and environmental sustainability
objectives and PIs. This covers the core stratebjectives of most utilities, and the systems of
objectives and metrics selected by the iGPI prigeguarticipating utilities reflected this in good
measure — the regulator objectives, criteria arsd®re often selected by the participating utsitie
for their strategic or tactical IAM plans.

Several of the participating utilities had otherastdgic management systems in place, such as a
Balanced Score Card (BSC). These systems are ‘sftategic’ by geographical or organizational
scope, but not on the time dimension; becauseatf the aspects that may effectively assess IAM’s
long term sustainability are almost inevitably nmgs The fact that the above-mentioned regulatory
system includes infrastructural sustainability nestrhas facilitated both the recognition of their
importance and the incorporation of IAM concernstuich strategic management systems.

A common feature to urban water services is thejretidency on very long duration infrastructures
where capital maintenance needs make up a muar largportion of the total annual costs than in
most other sectors and industries. The short-teras In strategic management systems is
consequently a common feature worldwide in thedsieshtoolbox of management consultancies. It
is important to recognize this problem. If strategians have a short time horizon — 3-5 years are
common — the effects of low rehabilitation ratesrat become evident on the quality of service
and allow for a significant decrease in the antot@l costs. Therefore, the easiest way to improve
economic efficiency in the short term, increasinglycentral goal of utility CEOs and service
regulators, is to minimize capital maintenance dlgfolowering rehabilitation rates. In the long run,
this is not sustainable, but most short-term ‘sgat’ instruments fail to reflect this in any way.

CASES

The way in which the several participating utiktideveloped their strategic and tactical plans, and
implemented their IAM processes, was shaped by twogitext, resources, organizational maturity,
information availability and the existence of otmeanagement systems or instruments. Below are
some cases illustrating the diversity of situatiansl solutions. Utility size is classed as follows:
Large utility, above 100,000 households servifticisize utility above 40,000 and up to 100,000
households served®mall utility, above 15,000 and up to 40,000 households seked; small
utility, up to 15,000 households (not legally requiretiaee 1AM programs). The national average
household occupancy is 1.8 persons, although wittessignificant regional variations.

CASE 1 Features: technologically developed utility; well trained hamresources available; good
Midsize inventory; full coverage, reliable GIS; good monitg systems; hydraulic models available
for the entire water supply system.

» The availability of a large amount of informatianpstly reliable, including all-mains calibrated hgdlic models
for the entire water supply system, allowed thiitytto use more sophisticated and data-demandiedrics to
address aspects such as pressure adequacy angeftmity adequacy. Full model coverage was notlalhs to the
other participating utilities during the coursetloé project.

» Automated procedures have been implemented in ¢odmlculate the selected metrics.

* Some metrics at the strategic level result fromattpgregation of more detailed metrics adoptedeatabtical level.

» Despite the technological maturity, the use of worllers information for reliability analysis revedlroom for
improvement. Non-infrastructural tactics were elishled in order to address this problem.

» With an IAM metrics system in place, the fact thatignificant part of the process has been autahsitertens the
time and manpower needed for detail diagnosis, lwhilow this utility to work simultaneously withpilot network
sectors at the tactical level (2 each for watepuand for wastewater) during the course of thajqmt.
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CASE 2 Features: technologically aware utility at an early stageaasorganization, having inherited

Very Small

their infrastructure; capable but limited humaroteses available; good inventory; full
coverage, recent GIS; runs other municipal serviesves a seaside tourist area.

Seasonality causes overcapacity of the systema fmod part of the year; the utility is particwaihterested in
exploring flexible solutions in their IAM plans.

Dependency on tourism increases the utility’s expms$o the economic crisis, which required the weration of
diverse revenue-generation scenarios in develamidganalyzing IAM capital maintenance plans.

Successfully assessed and used the Infrastrustaha¢ Index (Alegre & Coelho, 2012) as a prime adtr long-
term scenario and intervention evaluation.

After successful development of a strategic IAMnplar the water services, the utility decided t@lgghe same
approach to the other services it runs (roads abtiqggardens).

Due to the relatively small territory, a singlegaavas adopted in the tactical planning and thigeesystems were
the object of detailed analysis in the frameworkhaf project.

CASE 3 Features: technologically developed utility; capable humasowces available; good

Small

inventory; mature BSC management system; qualitpafiagement certifications; full
coverage, reliable GIS for the whole area; gooditodng systems.

The existence of certified management systems whstd be an advantage in terms of maturity, bsb ah
challenge, given that the existing systems didagiairess the long term effect of managerial decision

Top management agreed to review the BSC and inteocsome small but critical changes. Due to [the
management’'s committed efforts and the small sikehe utility, by the project's midterm a considela
harmonization of all existing management systemd baen successfully implemented, with an adequate
consideration to long-term sustainability, previgusot present.

The IAM planning approach is being applied to thigeo services this utility is responsible for.

The detailed analysis of the water supply pilotaaneas thought to justify a hydraulic model. LNEGiated the
utility in generating a basic model file from théSGand loading nodal demands in a simplified bfeative way for
planning purposes. This allowed for a sound diaigresd assisted the development and comparisanterf/ention
alternatives. The process and results achievedcds®a the solution for the other utilities in aikmsituation.

CASE 4 Features: utility is the result of the recent merger ofrb@nicipal water and wastewater

Large

services; very diverse contexts, challenges, atalaanilability and quality among the
municipalities; certified BSC management systen® @&vailable, but reflecting the disparity
in information availability, depth and quality angpthe municipalities.

iGPI was seen by the utility as a golden opporjutdthelp establish sound organizational processes.

One of the challenges for this utility was to piiae the municipalities with higher rehabilitatimeeds, in a sound,
transparent and accountable way, in a contexta#l Ipolitical sensitiveness where consensus-dmegotiation is
crucial. The results from iGPI helped respond ts thallenge, particularly through a sound IAM riestisystem.
The existing BSC implementation did not address ltrg-term effect of the managerial decisions. @éitgh
changes are more difficult to implement given tize ind complexity of the organization, several megirics have
been included and a transition process has beesedietowards a fully satisfactory BSC implementatio

iGPI also gave rise to multiple new data collectijmmcedures, particularly related to GIS, work osgdeand
harmonization among information systems.

CASE 5 Features: an inland regiomrmunicipality with the lowest population densitytive project,

Very Small

with one main town and several dozen small rudtdges scattered across a large expanse,
several hours away from the country’s main metritgrolareas. Small but capable and very
motivated team. Strong mayor support to the projecthouse GIS implementation, based on
open-source software.

This utility is challenged by their limited humaespburces, who must share their time among mubicer
responsibilities, and by the high time and cosaw§ operational or maintenance intervention outsidthe main
town. The utility took part in the project becaubey have long recognized a vital need for streangi and
maximizing efficiency, due to the resource limitau$, as well as supporting their priorities on angbbasis. They
also perceived that the collaborative format ofgithgect would provide them with access to expea@sn assistance
and networking which would be unattainable in ottiszumstances.

The project allowed this utility to establish clgaiorities in terms of intervention needs and tsgaldressing the
most problematic cases, related to aged networkisvany high non-revenue water. Infrastructural ammh-
infrastructural tactics have been established asttbat-term action plan is being under way.
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CONCLUSIONS

Although with a long way to go, the authors beli¢lat Portugal is progressing rapidly and with
steady steps in terms of IAM of urban water sesvi¢¢aving recognized the need for change in this
field, LNEC initiated the process by developing allvetructured IAM approach, supported by
technical guides, training courses and leading-epga-source software (aware-p.org, 2008-2012).
Learnings from countries such as Australia and Nmaland were fundamental to this process.
AWARE-P helped lay the foundations for new regutat@quirements and for launching iGPI. The
results achieved are having a major impact notgnghe participating utilities, but the countryaas
whole, as well as internationally. The variety @fses covered demonstrates how, in practice,
systematic and well-devised IAM processes can itmrdéd and successfully implemented in many
different contexts. The collaborative project fotrhas proven to be particularly suited to the task,
enabling a quicker and more effective cultural geriechnical uptake and process implementation.
The authors hope that the IAM story in Portugal nhajp inspire other countries or regions to
follow a similar path.
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