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Abstract: This paper presents a new information technology platform specially tailored for infra-
structure asset management of urban water systems operated by water utilities of lower digital ma-
turity level, developed in the scope of DECIAE research project. This platform aims at the integration
of different data from the water utilities with several information systems and the assessment of the
system performance, in terms of water losses, energy efficiency and quality of service by using de-
veloped tools (i.e., water and energy balances and key performance indicators). This platform was
tested with data from five small to medium size Portuguese water utilities with different maturity
levels in terms of technological and human resources. Obtained results are very promising since the
platform allows to assess the systems performance periodically which constitute an important part
of the infrastructure asset management for small and medium-sized water utilities
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1. Introduction

Most water supply systems (WSS) in Portugal were built during the first half of the
20th century. For several decades, the main concern of water utilities was the increase of
water service coverage, as reflected in the first Strategic Plan for Water Supply and
Wastewater Treatment in Portugal 2000-2006 (PEAASAR). Currently, water service cov-
erage in Portugal is higher than 95%, thus the paradigm of building new or expanding the
existing WSS has changed to the rehabilitation of the most deteriorated assets and imple-
menting rehabilitation rates that allow maintaining the system at an acceptable to good
infrastructure value index.

The responsibility for provision of water supply services is shared between the Por-
tuguese state, through the public holding company Aguas de Portugal and its subsidiar-
ies, and the municipalities. The state is responsible for managing the multi-municipal sys-
tems (i.e., the bulk water systems), whilst municipalities are responsible for the municipal
systems (i.e., the distribution networks). Thus, the 308 municipalities manage their WSS
either directly or indirectly through concessions. According to the Portuguese Water and
Waste Services Regulation Authority (ERSAR), these municipal water utilities have 126
surface water abstractions, 5,049 groundwater abstractions, 104 water treatment plants,
3,078 other treatment facilities, 587 chlorination stations, 1,798 pumping stations, 7,277
water tanks, and 109,433 km of pipes [1]. This huge number of assets needs to be managed
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in an efficient and effective manner in order to guarantee the infrastructure long term
sustainability.

Urban water infrastructure asset management (IAM) is essential for water utilities to
efficiently manage their large variety of physical assets [2,3]. In Portugal, the national reg-
ulatory authority, ERSAR, recommends the application of the IAM methodology de-
scribed by [2] in WSS that supply over 30,000 users. The IAM methodology requires the
use of different tools for the assessment of the WSS performance in terms of water losses,
energy efficiency, rehabilitation needs, and pipe failure rate, amongst others. These tools
include water and energy balances calculation, system performance assessment, hydrau-
lic modelling, as well as complex Artificial Intelligence (Al) techniques to predict demand
and locate anomalous events. Additionally, IAM requires knowledge on the assets condi-
tion so that rehabilitation plans can be developed. This knowledge is provided by data
that are collected and stored in different databases, generally spread in several depart-
ments or divisions of the water utility. Thus, the JAM manager has a hard task every time
he needs to assess the system performance, since data must be collected from different
departments within the water utility in a coordinated procedure [4].

Reliable data are the basis of effective and efficient IAM implementation. Several in-
formation systems (IS) are typically used to produce, transform, manipulate, and analyze
the desired information. The most widely used IS by water utilities are geographic infor-
mation system (GIS), customer relationship management (CRM), customer information
system (CIS), enterprise resource planning system (ERP), and supervisory control and
data acquisition system (SCADA), computerized maintenance management system
(CMMS), laboratory information management system (LIMS), among others [5].

The management of this information is of the utmost importance for water utilities
for the daily control, operation, management, and planning of their activities. Since water
utilities face the challenge of planning infrastructure interventions for a huge number of
assets, IAM software is becoming more prevalent as a strategic planning tool, providing
critical information on capital assets and timing of investments to the decision-makers.
This type of tool should integrate datasets from different IS, including GIS, CMMS, work
orders, and field data from SCADA, as well hydraulic modelling [6]. However, integrating
the several, often conflicting, sources of information available on the infrastructure, in-
cluding asset condition, system performance, and the various predictive analyses that as-
sist in prioritizing projects or interventions is a major challenge to asset managers, partic-
ularly, in water utilities with a lower technological maturity level [7,8].

Several solutions [8-11] have been developed to solve the data integration and an-
alytics problem in water utilities. The development of the proposed solution may start
within the utility itself, which has the necessary human, financial and technological re-
sources to develop a system tailored to their needs, or through the acquisition of a com-
mercial software solution. In many utilities, the lack of human resources and their vulner-
ability to commercial pressures are often the basis for reactively acquiring solutions (e.g.
miraculous software packages that solve all the WSS problems) and, thus, lacking long-
term planning for the use of the acquired software [5]. As such, the complete IS capabilities
are usually not fully explored since they are acquired due to just a set of functionalities.
Rather than having a scattered set of technological tools that meet specific functions, it is
essential to consider and integrate each IS as a key element for IAM.

The solution implemented to integrate datasets from IS of small to medium-sized
water utilities and to support decision-making on WSS was a platform developed in
straight collaboration with water utilities to answer their current needs and concerns. In
order to be an inclusive platform both simple and complex analysis can be carried out
depending on available data. This paper aims to share with the scientific community the
main difficulties and main learnings with the implementation of this tool as well as means
of overcoming performance analysis with short and unavailable data.

This research was funded by the Portuguese national Funding Agency for Science
and Technology (FCT), under DECIAE project, lasted for 18-months, and included five
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Portuguese water utilities with different technological maturity levels. The main function-
alities are demonstrated using two case studies from water utilities with different techno-
logical maturity levels, discussing the limitations of the analysis in each case.

2. Platform prototyping

2.1. Requirements analysis

The analysis of the platform prototype requirements was carried out with the deep
involvement of end-users to analyze their expectations and to define software functional-
ities (i.e., capabilities, usability, inputs, and outputs). A workshop was held at the begin-
ning of the project, with the participation of the research institutions and the five water
utilities (i.e., end-users). The main requirement was that the platform should be able to
integrate data that are already collected and to allow the automatic calculation of a set of
performance indicators relevant to JAM and, also, required for the annual reporting to the
water and wastewater authority (ERSAR). These performance indicators require specific
data for computation, including metered water volumes, system characteristics and finan-
cial data, amongst others. A set of 16 performance indicators was considered for imple-
mentation in the platform (see Table 1). These performance indicators are grouped in four
main objectives (infrastructural, environmental, economic sustainability and quality of
service) and can be used to assess the performance of the system as a whole, or at subsys-
tems or district metering area (DMA) levels; the performance assessment results can be
compared at the subsystem or DMA level, in order to develop rehabilitation or interven-
tion plans.

Table 1. Set of performance indicators identified by the utilities for implementation in the platform.

Objective Performance indicator Units
Infrastructural ~ [Network rehabilitation [% / year]
sustainability Infrastructure value index (IVI) [-]
Pipe failure [# /(100 km. year)]
Service connection failure [# / (1000 service connections. year)]
Environmental [Real water losses in the network [m3/ (km . year)]
sustainability Real water losses in service con-

. [liters/(service connection . day)]
nections

Energy efficiency of pumping in- [KWhy/(m? . 100 m)]

stallations
Energy in excess per unit of in- [KWh/m?]
ut volume

Energy in excess per unit of the [KWh/m?]

revenue water

Ratio of the total energy in ex-

cess 1
Economical sus- |[Unmetered consumption [%]
tainability Non-revenue water [%]

Real water losses [%]

Treated water volume capacity [days]
Quality of service Disruption caused by pipe fail- [hour / (100 users. year)]

ures

Disruption caused by service [hour / (100 users. year)]

connection failures

The calculation of some performance indicators required the implementation of ad-
ditional tools. Two of these tools are the water and the energy balances. The implemented
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water balance (Table 2) follows Alegre et al. [12] approach. The energy balance (Table 3)
proposed by Mamade et al. [13], was integrated in the platform, with two different ap-
proaches according to available data: 1) a simplified version, which requires minimum
data and no hydraulic simulation, provides a global overview of the main components of
energy consumption in the system and can be used at the subsystem or DMA level; and
2) a complete assessment that requires a calibrated hydraulic model of the network and
provides a detailed assessment of energy consumption in each balance component.

Table 2. Water balance [12].

System Authorized Billed authorized | Billed metered consumption | Revenue
input consumption consumption water
volume Unbilled Billed unmetered
authorized consumption
consumption
Water losses Apparent losses Unbilled metered Non-
consumption revenue
Unbilled unmetered water
consumption

Customer meter

inaccuracies

Real losses Leakage on distribution

pipes

Leakage and overflow at

storage tanks

Leakage on service
connections up to point of

customer meter

Another relevant tool is the capital cost calculation tool, necessary for the computa-
tion of the infrastructure value index (IVI). IVI is the ratio between the current (fair) value
of infrastructure and the replacement cost on a modern equivalent asset basis. IVI can be
calculated following an asset-oriented or a system-oriented approaches [14]. IVI calcula-
tion in the asset-oriented approach is based on the useful life of each asset, on depreciation
curves, and on replacement costs for each type of asset, whereas, in the service-oriented
approach, IVI calculation is based on the performance of functional units of the infrastruc-
ture [15].

The data needed to compute the performance indicators depicted in Table 1 are of
different nature, namely, geographical, and physical data (e.g., identification, type, loca-
tion, dimensions, material), operational and maintenance (e.g., dates, location), and billing
and accounting (e.g., revenue, replacement costs). Thus, a characterization of the infor-
mation systems existing in the five water utilities was carried out [4]. This characterization
allowed a better understanding of the technological maturity level of each utility, as well
as of existing data standards and workflow processes. In summary, this characterization
showed that:

1. The use of GIS is generalized, although with different implementation de-
grees.

2. The use of ERP and CRM systems to manage and store commercial and ac-
counting data is generalized.
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3. Only two water utilities use an IS to store Service Work Orders. The remain-
ing utilities still use paper records to register and store this type of data.

4. The use of SCADA systems is not generalized and is mostly used to monitor
the input water volumes or flow rates of their systems.

Table 3. Energy balance [13].

Natural input | Total system Energy Energy Minimum required
energy energy input associated associated energy
with with water Supply energy
authorized supplied to

consumption | consumers

Dissipated Pipe friction

energy Valve head losses

Pumping stations’

inefficiency
Shaft input Hydropower plants’
energy inefficiency
Recovered Associated with
energy authorized consumption
Energy Associated with water
associated losses
with Dissipated energy in nodes with water
water losses losses
Dissipated Pipe friction
energy Valve head losses

Pumping stations’

inefficiency

Hydropower plants’

inefficiency

2.2. Platform conceptualization and architecture

Integrating data and information from several utilities is a challenging task since util-
ities have distinct technological maturity levels and workflows. The developed prototype
platform had to meet the technological limitations or advances of each participating water
utilities, and to overcome the challenges of how to integrate the required data from dif-
ferent IS, data model structures and ontologies into a common platform for all water util-
ities. The platform had also been developed aiming at the integration of real-time data
from sensors installed in water distribution networks, such as pressure and flowrate,
which need to be stored in adequate database solutions. A potential future use for these
time series can be in the detection and location of anomalous events (e.g., pipe burst) using
Al techniques namely, machine learning, deep learning, and optimization algorithms.

A web-based application on cloud services was chosen as the most adequate platform
architecture, since it allows universal availability using web-connected devices, as no fur-
ther requirement than a web browser is needed to use the platform, as well as easier
maintenance and updates by the platform development. The platform was implemented
using Django, a free and open-source Python Web framework, to obtain a fast-developed,
scalable, and secure platform. The client application on the frontend of the framework
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uses the D3 JS library and Bokeh. These solutions offer a wide range of possibilities to
define the specific visualization that was needed to represent the water and energy bal-
ances as well as the dashboard components to represent the performance indicators. An
application programming interface (API) was developed to provide access to the database
by the frontend application. Additionally, the platform offers a set of directly accessible
services as the APl may be consulted by other applications if authenticated. Docker tech-
nology was used for developing, shipping, and running several applications (i.e., APIL,
frontend, and database). Two Docker containers were created: the first container com-
prises the frontend and backend applications whilst the second container includes the Da-
tabase Management System (DBMS) and the database. Thus, it is possible to inde-
pendently update the frontend or backend application and database.

Figure 1 shows the flow of platform usage. Initially, the platform database has no
data. The first step in the use of the platform is the import of raw data files from the exist-
ing information sources. To this end, existing information is uploaded to the data integra-
tion module by the user (1). After file importing and parsing, data are inserted in the plat-
form database (2). The performance assessment functionalities access the necessary data
(in the database) through queries using the provided API which, in turn, returns the nec-
essary data (3). Once the assessment is carried, a report is provided to the user with the
obtained results (4).

(2) S (3)
Existing information ‘ l
My

5 } B e | 3| @ | e

functic

Performance
Indicatare

Figure 1. Flow of requests according to the platform architecture.

2.3. Data modelling and import

The different technological maturity levels of the participating water utilities are
greatly reflected in the IS used and the available data. Therefore, the first challenge to
overcome was to design a domain model that could represent all the necessary concepts
for performance assessment based on the available data of the different utilities. Due to
the heterogeneity of IS and data models used by those utilities, an ontology-based do-
main-driven-design was followed.

Table 4 presents the designed domain model with the required attributes to import
the different types of assets considered. MySQL was selected as a DBMS solution being
its efficiency studied in a later stage due to the short duration of the project and the lack
of human resources. Although this solution may be adequate for the aim of the project, it
may not be the best solution in the medium to long term due to the expected increase in
the amount of data (in particular the real-time data from the sensors). In this case, other
types of database technology may be more efficient, such as document-oriented databases,
graph databases, or even hybrid solutions. Nonetheless, the study on the efficiency of dis-
tinct DBMS solutions is out of the scope of this paper.

The platform supports the upload of incomplete data (i.e., missing fields in files due
to confidential data and fields with incorrect records), though limiting the platform out-
comes. Furthermore, the data model is prepared to maintain a history of the infrastructure
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and other time-dependent data. When updating such data, the previous record is time-
stamped and kept in the database, allowing to analyze its evolution.

Table 4. Designed domain driven model.

Symbol Asset Attribute Symbol Asset Attribute
Subsystem - Unique Storage Tank - Unique identifier
identifier i - Description
- Description - Subsystem identifier
O% District - Unique Storage Cell - Unique identifier
Metered Area  identifier - Description
- Description - Storage tank identifier
- Subsystem - Storage capacity
identifier - Elevation
- Water level
| Delivery point - Unique Pipe - Unique identifier
v identifier LL - Subsystem identifier
- Description - DMA identifier
- Subsystem - Length
identifier - Diameter
-DMA - Material
identifier - Installation date
- Elevation
- Service
pressure
w Water - Unique —l: Service - Unique identifier
abstraction identifier connection - Subsystem identifier
- Description - DMA identifier
- Subsystem - Length
identifier - Diameter
- Hydraulic - Material
head - Installation date

- Water level

@ Pumping - Unique Water meter - Unique identifier

* Station identifier - Subsystem identifier
- Description - DMA identifier
- Subsystem - Status
identifier - Type of use

Pump - Unique Service work - Unique identifier

& identifier f order - Subsystem identifier
- Description - DMA identifier
- Subsystem - Affected asset
identifier identification
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- Hydraulic - Cause

head - Type of intervention

- Intervention extension

- Intervention date

- Date and time of service
disruption

- Date and time of service

reestablishment

The platform supports the upload of incomplete data (i.e., missing fields in files due
to confidential data and fields with incorrect records), though limiting the platform out-
comes. Furthermore, the data model is prepared to maintain a history of the infrastructure
and other time-dependent data. When updating such data, the previous record is time-
stamped and kept in the database, allowing to analyze its evolution.

Two options were considered to import and update data into the platform: 1) auto-
matic connection to the IS databases and 2) using a raw submission file import module.
Ideally, the platform should directly connect through a web service to each IS to collect
the data to be integrated. This option would lead to a better platform usability, as data are
periodically and automatically uploaded and hence updated. Nonetheless, this requires
an initial setup and regular maintenance to be carried by a utility’s IT specialist. Addition-
ally, the General Data Protection Regulation (GDPR) may impose some restrictions re-
garding the access of third-party software (such as the platform) to sensitive data. It was
concluded that remote database access solutions could not be adopted in the short term
due to the unavailability of utility IT specialists in most utilities. As such, a compromised
solution based on a raw data file submission and data integration module was considered
and implemented, since it is comprehensive and allows the platform to be used by all
utilities. A common interface was developed to parse the uploaded files, by identifying
the related data model elements, tables, and formats to target.

During the file submission for data integration, an initial mapping is needed between
data model elements and file content attributes. Additionally, and for some data model
elements, a second mapping is required between the considered options in the specific
data model element and the file content attribute. For instance, the meter status is consid-
ered as “1” for active status in the database of the platform. However, the file content can
have a different record such as “On”, “Active” or “In Service”.

Measurements can be assigned once the infrastructural elements have been im-
ported. In most utilities, the billing system is the most common way to obtain water con-
sumption measurement, which in the best-case scenario is recorded monthly. Once meters
associated with the billing are imported, aggregated monthly measurements can be asso-
ciated with some assets (e.g., storage tanks, abstractions, pumping stations, delivery
points). It is assumed that aggregated volumes were validated by a validation process. A
template spreadsheet can be downloaded from the platform by selecting the period and
the type of infrastructure measurements to upload or to update. After filling the measure-
ments in the template spreadsheet, they should be uploaded to the platform. In a second
phase, it is expected to include a model to automatically validate and generate aggregated
volumes from SCADA records. Additionally, some additional data may be manually in-
serted for complementary information, such as the reference elevation in the simplified
energy balance.
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2.3. Implemented assessments

Three modules for carrying out the assessment analysis for a user-defined period
(e.g., 12 months) were developed: the performance assessment; the water balance; and the
energy balance. Sectoral analysis at the subsystem level is also possible, allowing the com-
parison of results between subsystems. The platform includes different types of infor-
mation representation, namely, pie, bar and bullet charts and tabular forms. This infor-
mation can be exported as an image in PNG file format to be included in reports.

The water balance was implemented according to the IWA standard methodology as
described in Section 2. Most Portuguese water utilities do not have hydraulic models,
thus, at this stage, only the simplified version of the energy balance was implemented.

The water and energy balances modules allow the assessment of water and energy
consumptions along the system, contributing to reducing water losses and energy costs.
These balances rely on different data (e.g., input volumes and energy consumption, billed
and unbilled consumptions, elevations), which are usually spread over several IS. If these
balances are calculated for network sectors, the complexity of data collection and man-
agement carried by the utility manager can be overwhelming. As such, and upon the se-
lection of a given area of analysis in a defined period, the required data for the balances
are prepared by querying the database. For the chosen period, the assets within the area
of analysis are collected, and the respective measurements are summed to provide the
total volumes. The user should validate and may change calculated/suggested input val-
ues.

From the 16 performance indicators presented in Table 1, the infrastructure value
index was not implemented. The main reason for this decision was the difficulty to collect
the financial data to determine the current value of infrastructure and the replacement
cost on a modern equivalent asset basis. So, the performance assessment module incorpo-
rates 15 of the referred 16 indicators. Associated with the water and energy balances, some
additional performance indicators were included (e.g., CO2 gas emissions due to pump-
ing stations, measured as ton of CO2 equivalent).

The graphical visualization of these performance indicators was challenging, espe-
cially for allowing the comparison between areas of analysis. As such, a dashboard was
developed in which the user may select the single or multiple areas to analyze (e.g., sub-
systems or DMAs) as well as the period of analysis. The required data to calculate all the
performance indicators are automatically fetched from the database and each indicator is
presented in a customized chart, in which different filters and types of representation may
be applied. Figure 2 shows the graphical user interface (GUI) for the data import module.

E’ECIdE Infrastructure

Storage tank

R
e
PP
®
)
)

P00000000

Figure 2. GUI of the data import module (Adapted from the Portuguese version).
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The platform is freely available on the web (https://decide.ips.pt/), though only a Por-
tuguese version is implemented at this state; soon, a version in the English language will
be developed. After a registration process, the user needs to upload their infrastructural
data from their GIS and measurements files. The infrastructural data should be in the
shapefile format since it is the most common format between GIS software.

3. Demonstration

The platform is illustrated herein for two water utilities with different maturity levels
to highlight results that can be obtained with limited data and with a complete data set
and to discuss the limitations of the analysis in each case.

3.1. Water utility 1

The first demonstration of the platform is with data from a municipality located in
Lisbon’s metropolitan area (Portugal), which manages a water distribution network with
a total extension of 309.5 km serving about 79,000 inhabitants, divided into several sub-
system and DMA. The utility has complete information about the existing assets stored in
a GIS, motivated by several cadastral surveys, as well as a billing system and an infor-
mation system to manage their service work orders.

Consider the utility wants to produce a tactical asset management plan for a specific
DMA, and for that needs to carry out the diagnosis of the current situation. For that, the
utility imports the physical asset data from its GIS using shapefiles, the monthly consump-
tion from the billing system through spreadsheets and the available work orders also
through spreadsheets. No aggregated water volumes nor energy consumption in assets
(e.g., storage tanks, abstractions, pumping stations, delivery points) are included. As such,
and with the available information uploaded, the utility can only calculate some of the
performance indicators presented in Table 1, those shown in Figure 3. This example of bar
representations shows the distribution of pipes in the analyzed DMA classified, using a
three-colour scale, as good (green), average (yellow) or unsatisfactory (red) in each per-
formance indicator.

5028 52 ' 108

6000 “. S|

Figure 3. Summary of the performance indicators for water utility 1 (Adapted from the Portuguese
version).

3.2. Water utility 2

The second demonstration of the platform is with data from a municipal company
located in a touristic area, in the southernmost region of Portugal, which manages a water
distribution network with a total extension of 85 km, serving a population varying be-
tween 3,000 inhabitants, in the low season, and 15,000 inhabitants, in the high season. This
utility has complete information about its assets on a GIS which is regularly updated by a
dedicated technician. It also has an information system to manage its work orders, and
has its network completely monitored by several sensors (e.g., flow, pressure) connected
to a SCADA system. Hydraulic simulation models of their complete network are also
available. In comparison with water utility 1, this utility can calculate the same perfor-
mance indicators (Figure 4), and also both the water balance (Figure 5) and the simplified
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energy balance (Figure 6), all classified using the three-colour scale according to the re-
spective reference values of good, average and unsatisfactory performance.

1422

12690

12 T 24 T
Fipa falhure b0 /{100 km _ year]] L yoar]]
I ————
106.3 L 123.7 L
Total daneption time due to pipe faiure [houn! LY Takal chsruption time dus 10 serce connectk hour
Dsarprion aued iy pipee faiurm (e [ (R0 e pear]] Doaruption. rauved iy service conasion fasares (e [ {100 marns . year]
2.59 L

ERABIR IS ratwirk ergTh k]

Figure 4. Summary of the performance indicators for water utility 2 (Adapted from the Portuguese

version).

Billed metered consumption
Billed authorized 1562 816 m*
consumption (91.296)
1562 816 m*
(91.2%) Billed unmetered consumption
Authorized om?
consumption (0.0%6)
1567 125 m? . - - 767%
(91.5%) Unbilled metered consumption 131 294 m3
Unbilled authorized 3105 m? Real water losses
consumption (0.2%)
4309 m*
System input volume (0.3%) Unbilled unmetered consumption
1712 765 m* 1204 m®
(100.0%) (0.1%)
Unauthorized uses
154 m? System: C52
Apparent losses (0.0%) Non-revenue water [%] 875 @
14 344 m* |
Water losses (0.8%) User meter inaccuracies Water losses in network [m?/ (km . day)] 4,22 L ]
145 639 m* 14 190 m* Water losses inSC [L/ [SC . day)] 18456 @
(8.59%) (0.8%) Apparent losses (%] 0.84
Real water losses Unmetered consumption [%] 8.57
3 |
131294 v fieal water losses [%] T.67
(7.7%)

Reference year: 2021; Duration: 12 months

Figure 5. Water balance for water utility 2 (on the left) and the water losses performance indicators
(on the right) (Adapted from the Portuguese version).
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Figure 6. Energy balance for water utility 2 (on the left) and the energy efficiency performance indi-
cators (on the right) (Adapted from the Portuguese version).
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4. Discussion

The DECIAE project aimed at the development of a platform to support the IAM of
water supply systems. An IAM methodology generally uses several techniques that are
data-intensive and, for that reason, data integration or interoperability between existing
IS is desirable. Nonetheless, data models are often unstructured in most utilities with a
lower technological maturity level, containing inaccurate, incomplete, redundant, and
out-of-date data, which ultimately turns data integration into a great challenge. Those
data are stored in multiple and usually not compatible IS. However, the process of re-
placing an inadequate IS with a more suitable one is not always simple, as it may imply
deep changes in the utility’s information management processes. This fact may be aggra-
vated in utilities with a lack of human and financial resources; the acquisition of a new IS
implies a given amount of time dedicated for training, which in most cases they do not
have. The above circumstances do not help the interoperability between IS in small and
medium-size utilities.

The utilities with good financial capacity usually have the necessary resources to,
internally or by subcontracting third parties, develop middleware applications for JAM.
However, small to medium size utilities do not have the same financial capacity and often
have difficulty in increasing their organizational and technological maturities. The na-
tional regulator can play an important role in data standardization by publishing recom-
mendations in technical guides which can help the utilities with less maturity levels.

During the development of the platform, circumstantial choices about some techno-
logical aspects were made that now need further reflection. The use of MySQL technology
for the database may not be the most adequate if in the future the platform is intended to
be upgraded to receive real-time measurements from the sensors installed in the networks
and to use them in artificial intelligence algorithms to perform advanced assessments. In
this case, other types of database technology may be more feasible, such as document-
oriented databases, graph databases, or even hybrid solutions.

Although the results of the performance indicators system are relevant to the water
utility, the major advantage is the possibility is to assess the evolution of each indicator
on a timely basis. This is of utmost importance to assess if the defined targets in the IAM
plan are being achieved over time.

5. Final remarks

The platform presented herein represents a first step towards the development of a
national reference tool to assist small and medium-sized water utilities to implement IAM
processes. The platform will be further developed to include additional tools, namely: a
flowrate and pressure time series data processing and analysis module, hydraulic simu-
lation capabilities to carry more advanced performance assessment techniques, and IVI
calculation. Additionally, the data model is expected to change to a different technology
aiming to accommodate modules for more advanced techniques, such as pattern recogni-
tion, demand forecasting, and leak detection. The rationale behind the platform’s devel-
opment can be further extended to different fields in engineering where IAM is required,
such as wastewater and stormwater, transportation, and oil and gas.
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