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Smart water grids are urban water infrastructure enhanced through a variety of interconnected devices with the
ability to collect and share data with both other devices and data centres. Typically this is done through the use of
Internet of Things technology. Some of these devices also have the capacity to make decisions, in a centralised
and/or decentralised manner, and to perform physical actions on the water infrastructure that lead to optimal
operation and control. Smart water grids can, therefore, be understood as an instance of cyber-physical systems.
In the case of water distribution management, in addition to classical objectives such as pressure, quality and

leakage control; smart water grids also seek energy efficiency and explore water reuse systems.

water supply energy recovery micro-generation pump as turbine district metered areas

digital water water—energy nexus sustainability green infrastructure

| 1. Introduction

Cities are stressed worldwide predominantly due to significant population growth. Global population has increased
by 1500 million people in the last 20 years. The United Nations predicts that this trend will continue and it is
expected that up to 6.5 billion people will live in cities by 2050. Cities are a main actor in climate change and the
built environment contributes to high levels of global greenhouse gas emissions. However, the challenges for city
authorities goes beyond managing growing cities, since as cities develop, their exposure to extreme weather
events also increasesl. Given these current and future scenarios, academics and industry have put in effort over
the last two decades towards reducing buildings’ energy usel2. Another solution investigated in depth, and
currently in development, is on the benefits of smart power gridsEl. Complimentary to this for the achievement the

zero-net target is the efficient management of water distribution systems (WDSSs).

The water industry is subject to changes regarding the sustainable management of urban water systems. Many
external factors, including the impacts of climate change, drought and population growth in urban centres, had led
to an increase in the responsibility to adopt more sustainable management of urban water resources4l. Other
challenges include income and revenue to cover operation and the monitoring and management of water
resources as a public service. Additionally, the need for knowledge and understanding of the customers’ demand

for fair water pricing and use are some of the main challenges to resolvel2.

Over the last few years, the surge of the information and communication technology (ICT) techniques along with

the application of new trends on data analytics have been shown to be essential for dealing with the challenges
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that a urban water infrastructure should face today. The traditional water system, then, is becoming a smart
system, or smart water grid, as it can be seen as the combination of critical and digital systems into one converged,
smart infrastructure. In return for such a new complexity level, water utilities now have the capability of working in
an ideal smart-technology framework that supports efficient operation and management for safer and more secure
water supply systemsl&. There are a number of literature reviews that can be considered an antecedent of the
current overview. Mala-Jetmarova et al.lZ proposed a systematic literature review of WDS design optimisation, with
a special emphasis on methodologies for the expansion and rehabilitation of already existing infrastructure. Anele
et al.l8l reported an overview of methods for short-term water demand forecast, highlighting their advantages,
disadvantages and future research directions. Digital water metering has been the target of two different literature
reviews. Monks et al.’s paper@ comprehends a literature review along with interviews to industry experts. The aim
of such a paper was to report benefits of digital water metering that might be considered for inclusion in business
cases. Rahim et al.l9 introduced a review on machine learning and data analysis techniques adapted to digital
water metering. The review was complemented by a number of recommendations to improve both management
and research further. Makropoulos and Savi¢itl worked on a literature review paper about urban hydroinformatics
where the benefits of relevant concepts such as ICT and real-time information, data analytics, and the new

approach of water cycle and socio-technical system models, among others are revisited.

| 2. Smart Water Management

Smart water management aims at the sustainable and self-sufficient management of water, at a regional or city
level. A smart use of water lies in the use of innovative technologies, such as information and control technologies
and monitoring22. With this approach, water management contributes to leakage reduction, water quality
assurance, improved customer experience and operational optimisation, among other key performance benefitsi23!.
The concept of “smart city”, as related to technological innovations, is relatively recent. A smart city can be defined
as the city in which an investment in human and social capital is performed, by encouraging the use of “information
and communication technology” as an enabler of sustainable economic growth, providing improvements in the city
inhabitants’ quality of life, and consequently allowing a better management of water resources and energy.
Importantly, a smart city aims to promote socioeconomic development®4 as ultimate objective of any associated
technological advancement. Through a socioeconomic model, a city can examine its current state, and in turn,

identify the areas that require further development in order to meet the necessary conditions for a smart city.

2.1. Technologies and Improvements

Smart water systems utilise advanced information technologies for system monitoring data for an efficient resource
allocation. Some examples are the use of a geographic information system (GIS) providing a clearer representation
of the overall system and asset location; or the deployment of SCADA (supervisory control and data acquisition)
systems for the collection of historical sensor readings to centrally control spatially distributed assetsi18. In
addition, the prevention and the early detection of leaks is key for effective asset management and for efficient

control of water losses.
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Traditionally, water supply is essentially focused on pumping water at high pressure, enough to reach distant
customers. However, a smart system uses near real-time data, variable speed pumps, dynamic control valves, and
smart meters to balance the demand, minimise over-pressure in ageing pipelines and save water and energy.
Therefore, water sources and systems could operate together with the same objective to maintain sustainability in
water managementd, Smart water systems, or smart water grids, are used to improve the situation of many
networks, some of which are characterised by a degraded infrastructure, irregular supply, low levels of customer
satisfaction or substantial deviations of the proportional bills to the real consumption. A smart water system can
lead to more sustainable water services, reducing financial losses, enabling innovative business models to better
serve the urban and rural population. Some of the main advantages of smart water management are an improved
understanding of the water system, improved leak detection, enhanced conservation, and a constant monitoring of
water quality. The implementation of smart water systems enables public services companies to build a complete
database to identify areas where water losses or illegal connections occur. The advantages are economic benefits
to water and energy conservation, while the efficiency of the system can improve customer service delivery. In
some cases, wireless data transmission can allow clients to analyse their water consumption towards preserving

and reducing their water bill28],

2.1.1. Smart Pipe and Sensors

The prototype of a smart pipe is designed as a module unit with monitoring capacity, expandable for future
available sensorsi22. With several smart pipes installed in critical sections of a public water system, a near real-
time monitoring automatically detects flow, pressure, leaks (if any) and water quality. All these benefits come
without changing the operating conditions of the hydraulic circuit. The individual sensors of smart pipes generally
have the following main parts: a data collection and processing unit, transmission unit and the sensor connections.

Figure 1 illustrates a general scheme for a smart pipe and a wireless sensor network.
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Figure 1. Scheme of a smart pipe and wireless sensor network.

Smart wireless sensor network is a viable solution for monitoring the state of pressure and water losses control in
the system. The main advantage compared to other methods of water losses control is the continuous monitoring
of the network without local operator intervention and with low energy consumption of the wireless sensor, which

allows it to remain operational for long periods22,

2.1.2. Smart Water Metering

A water meter is a device used to measure the quantity of water consumed, while a smart metering is a measuring
device that can store and transmit consumption data using a certain frequency (Figure 2). To develop an efficient
water management system is necessary to install sensors and/or actuators to monitor the water network.
Therefore, while water meters can be read monthly or twice a month and water bills are generated from this
manual reading, the smart metering can provide consumption data over a long distance and with a higher
monitoring frequency, thus, providing instantaneously access, and near real-time information from customers and
from managing entities. These smart water meters are components of an advanced metering infrastructure (AMI)
that water companies should install to improve the hydraulic and energy efficiency of their network, since these

devices also enable the control of leakages and non-legal connections in terms of water volumes(2l.

Figure 2. Scheme of a smart water metering model.

Therefore, smart water metering provides the opportunity to improve the balance between the provision of access
to drinking water, the right of a managing entity to be paid for services, as well as the joint responsibility to preserve
water, as a scarce resource. These systems contribute as support tools to make decisions in near real-time based
on a registered database, improves network management and can help to better refine the water balance to satisfy

demand and to increase the hydraulic and energy efficiency of the WDS.

2.2. Management Models and Decision Support Systems
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The implementation of a common framework for measuring the water network performance based on a set of
relevant indicators and data applications and interfaces helps to support the decision of the managing entities and
allows for the interested parties to evaluate, create trust and confidence and monitor the improvements(22, There
have been important developments in smart water grid management, ranging from models for energy recover for
energy generation23 to models for an optimal dynamic partitioning of the WDS into district metered areas(24!. This

section focuses on existing models and systems to support this decision-making process.

2.2.1. Near Real-Time Models

Hydraulic models represent the most effective and viable way to predict the behaviour of the water distribution
system under a wide range of conditions of demand anomalies and system failures. The knowledge of reliable
short-term demand forecasting patterns is crucial to develop such models and to enable positive decisions, made
in near real-time, to be implemented in smart water systems!22l. In addition, optimisation models of operation in
near real-time allow us to extend decisions to smart water systems to improve the water network efficiency and to

ensure more reliable operations, cost efficiency and environmental and social savings associated with losses.

In near real-time models, the moment the data are collected is the moment the network model is updated. Data
include the characteristic parameters of pumps, valves, pressures and flows, as well as hours of operation towards
the lowest operating costs. The objective is to make any operational decision almost instantly to meet the
requirements for an efficient water supply28. Brentan et al.lZZ proposed a hybrid methodology to update water
demand models. To this end, an off-line procedure is used as a basis for the predictive model which is coupled with
an on-line process. The proposal achieves both high accuracy and ability to adapt to new data anomalies and
trends. The work also proposed an error control process to timely update the basic, off-line model cyclically, to

guarantee a maximum accuracy.

2.2.2. Asset Management

Asset management is a process that water utilities use to make sure that maintenance can be conducted and

capital assets (such as pumps, valves, and pipes, among others) can be repaired, replaced, or upgraded on time.

One of the main topics in asset management of a water distribution system is to prioritise the assets in
rehabilitation plans. To this end, Cabral et al.l28 approached a solution involving an economic asset performance
evaluation using the infrastructure value index as a key performance indicator. Other authors used a multi-criteria
decision-making for rehabilitation purposes22. Beyond rehabilitation, asset management also deals with proactive

maintenance plans driven by riski2, resiliencel2l], or by an asset condition assessment32,

Other central topics in asset management are of main interest for water utilities. This includes the prognosis and
asset-health management in which it is key to handle the uncertainty of asset states, since utilities often have
imperfect information about their assets. Another related subject to research further is about the optimal level of

service (such as what to do in scarcity scenarios), asset criticality, or minimising assets’ life-cycle costs.
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| 3. Challenges for Smart Water Grids

The use of machine learning and artificial intelligence is foreseen as a basis for future smart water grid
development. In addition, recent advances and future research in complex networks dynamics will be of great
importance for near real-time models and big size networks analysis, along with addressing main operational and
management issues for sensor placement(22! and contaminant early detection24, among others. Network dynamics
research®d can be expanded and/or complemented with the investigation of geometric deep learning2€! solutions
to undertake even more ambitious challenges such as leakage detection. Agent-based models will also play a key
role in the supervision and control of smart water grids2Z. Over all, these and other cutting-edge methodologies
will enable disruptive technologies for smart water grids such as blockchain28 and digital twin22 models, in
addition to the widely use of the advantanges of a WDS management within the context of cyber-physical
sytems49,

References

1. Manuel Herrera; Aida A. Ferreira; David Coley; Ronaldo R. B. De Aquino; SAX-quantile based
multiresolution approach for finding heatwave events in summer temperature time series. Al
Communications 2016, 29, 725-732, 10.3233/aic-160716.

2. Patxi Hernandez; Paul Kenny; From net energy to zero energy buildings: Defining life cycle zero
energy buildings (LC-ZEB). Energy and Buildings 2010, 42, 815-821, 10.1016/j.enbuild.2009.12.0
01.

3. Ali Keyhani. Smart power grids; Keyhani, Ali; Marwali, Muhammad, Eds.; Springer-Verlag : Berlin
Heidelberg, 2012; pp. 1-25.

4. Madhu Sachidananda; Dennis Patrick Webb; Shahin Rahimifard; A Concept of Water Usage
Efficiency to Support Water Reduction in Manufacturing Industry. Sustainability 2016, 8, 1222, 10.
3390/su8121222.

5. Thomas Boyle; Damien Giurco; Pierre Mukheibir; Ariane Liu; Candice Moy; Stuart White; Rodney
A. Stewart; Intelligent Metering for Urban Water: A Review. Water 2013, 5, 1052-1081, 10.3390/w
5031052.

6. David Butler; Raziyeh Farmani; Guohong Fu; Sandra E Ward; Kegong Diao; M. Astaraie-Imani; A
New Approach to Urban Water Management: Safe and Sure. Procedia Engineering 2014, 89,
347-354, 10.1016/j.proeng.2014.11.198.

7. Helena Mala-Jetmarova; Nargiz Sultanova; D.A Savi¢; Lost in Optimisation of Water Distribution
Systems? A Literature Review of System Design. Water 2018, 10, 307, 10.3390/w10030307.

8. Amos O. Anele; Yskandar Hamam; Adnan M. Abu-Mahfouz; Ezio Todini; Overview, Comparative
Assessment and Recommendations of Forecasting Models for Short-Term Water Demand

https://encyclopedia.pub/entry/3027 6/9



Smart Water Grids | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Prediction. Water 2017, 9, 887, 10.3390/w9110887.

. lan Monks; Rodney A. Stewart; Oz Sahin; Robert Keller; Revealing Unreported Benefits of Digital

Water Metering: Literature Review and Expert Opinions. Water 2019, 11, 838, 10.3390/w1104083
8.

Shamsur Rahim; Khoi Anh Nguyen; Rodney A. Stewart; Damien Giurco; Michael Blumenstein;
Machine Learning and Data Analytic Techniques in Digital Water Metering: A Review. Water 2020,
12,294, 10.3390/w12010294.

Christos K. Makropoulos; Dragan Savic; Urban Hydroinformatics: Past, Present and Future.
Water 2019, 11, 1959, 10.3390/w11101959.

Helena M. Ramos; Armando Carravetta; A. McNabola; New Challenges in Water Systems. Water
2020, 12, 2340, 10.3390/w12092340.

Shaun Howell; Yacine Rezgui; Thomas H. Beach; Integrating building and urban semantics to
empower smart water solutions. Automation in Construction 2017, 81, 434-448, 10.1016/j.autcon.
2017.02.004.

Patrizia Lombardi; Silvia Giordano; Hend Farouh; Wael Yousef; Modelling the smatrt city
performance. Innovation: The European Journal of Social Science Research 2012, 25, 137-149, 1
0.1080/13511610.2012.660325.

Sybil Sharvelle; Andre Dozier; Mazdak Arabi; Brad Reichel; A geospatially-enabled web tool for
urban water demand forecasting and assessment of alternative urban water management
strategies. Environmental Modelling & Software 2017, 97, 213-228, 10.1016/j.envsoft.2017.08.00
9.

Pere Marti-Puig; Arnau Marti-Sarri; Moises Serra; Different Approaches to SCADA Data
Completion in Water Networks. Water 2019, 11, 1023, 10.3390/w11051023.

Meredith Frances Dobbie; Rebekah Ruth Brown; Megan Anne Farrelly; Risk governance in the
water sensitive city: Practitioner perspectives on ownership, management and trust.
Environmental Science & Policy 2016, 55, 218-227, 10.1016/j.envsci.2015.10.008.

Daniel Hellstrom; Ulf Jeppsson; Erik Karrman; A framework for systems analysis of sustainable
urban water management. Environmental Impact Assessment Review 2000, 20, 311-321, 10.101
6/s0195-9255(00)00043-3.

Ali M. Sadeghioon; Nicole Metje; David Chapman; Carl Anthony; SmartPipes: Smart Wireless
Sensor Networks for Leak Detection in Water Pipelines. Journal of Sensor and Actuator Networks
2014, 3, 64-78, 10.3390/jsan3010064.

Wenyan Wu; Holger R. Maier; Graeme C. Dandy; Meenakshi Arora; Andrea Castelletti; The
changing nature of the water—energy nexus in urban water supply systems: a critical review of

https://encyclopedia.pub/entry/3027 7/9



Smart Water Grids | Encyclopedia.pub

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

changes and responses. Journal of Water and Climate Change 2020, in press, 1-28, 10.2166/wc
€.2020.276.

Tracy Clare Britton; Rodney A. Stewart; Kelvin R. O'halloran; Smart metering: enabler for rapid
and effective post meter leakage identification and water loss management. Journal of Cleaner
Production 2013, 54, 166-176, 10.1016/].jclepro.2013.05.018.

Thulo Ram Gurung; Rodney A. Stewart; Cara D. Beal; Ashok K. Sharma; Smart meter enabled
water end-use demand data: platform for the enhanced infrastructure planning of contemporary
urban water supply networks. Journal of Cleaner Production 2015, 87, 642-654, 10.1016/}.jclepro.
2014.09.054.

Carlo Giudicianni; Manuel Herrera; Armando Di Nardo; Armando Carravetta; Helena M. Ramos;
Kemi Adeyeye; Zero-net energy management for the monitoring and control of dynamically-
partitioned smart water systems. Journal of Cleaner Production 2020, 252, 119745, 10.1016/j.jcle
pro.2019.119745.

Carlo Giudicianni; Manuel Herrera; Armando Di Nardo; Kemi Adeyeye; Automatic Multiscale
Approach for Water Networks Partitioning into Dynamic District Metered Areas. Water Resources
Management 2020, 34, 835-848, 10.1007/s11269-019-02471-w.

Manuel Herrera; Joaquin lzquierdo; Rafael Pérez-Garcia; David Ayala-Cabrera; On-line Learning
of Predictive Kernel Models for Urban Water Demand in a Smart City. Procedia Engineering 2014,
70, 791-799, 10.1016/j.proeng.2014.02.086.

Enrico Creaco; Alberto Campisano; Nicola Fontana; Gustavo Marini; Philip R. Page; Thomas
Walski; Real time control of water distribution networks: A state-of-the-art review. Water Research
2019, 161, 517-530, 10.1016/j.watres.2019.06.025.

Bruno M. Brentan; Edevar Luvizotto Jr.; Manuel Herrera; Joaquin Izquierdo; Rafael Pérez-Garcia,
Hybrid regression model for near real-time urban water demand forecasting. Journal of
Computational and Applied Mathematics 2017, 309, 532-541, 10.1016/j.cam.2016.02.009.

Marta Cabral; Délia Loureiro; Didia Covas; Using economic asset valuation to meet rehabilitation
priority needs in the water sector. Urban Water Journal 2019, 16, 205-214, 10.1080/1573062x.20
19.1648528.

Nelson J. G. Carri¢o; D. I. C. Covas; M. Céu Almeida; J. P. Leitdo; H. Alegre; Prioritization of
rehabilitation interventions for urban water assets using multiple criteria decision-aid methods.
Water Science and Technology 2012, 66, 1007-1014, 10.2166/wst.2012.274.

Sattar Salehi; Massoud Tabesh; Mohammadreza Jalili Ghazizadeh; HRDM Method for
Rehabilitation of Pipes in Water Distribution Networks with Inaccurate Operational-Failure Data.
Journal of Water Resources Planning and Management 2018, 144, 04018053, 10.1061/(asce)wr.
1943-5452.0000943.

https://encyclopedia.pub/entry/3027 8/9



Smart Water Grids | Encyclopedia.pub

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Ardalan Izadi; Farhad Yazdandoost; Roza Ranjbar; Asset-Based Assessment of Resiliency in
Water Distribution Networks. Water Resources Management 2020, 34, 1407-1422, 10.1007/s112
69-020-02508-5.

Girish Kumar; Vipul Jain; O. P. Gandhi; Availability analysis of mechanical systems with condition-
based maintenance using semi-Markov and evaluation of optimal condition monitoring interval.
Journal of Industrial Engineering International 2017, 14, 119-131, 10.1007/s40092-017-0212-z.

Carlo Giudicianni; Manuel Herrera; Armando Di Nardo; Roberto Greco; Enrico Creaco; Antonio
Scala; Topological Placement of Quality Sensors in Water-Distribution Networks without the
Recourse to Hydraulic Modeling. Journal of Water Resources Planning and Management 2020,
146, 04020030, 10.1061/(asce)wr.1943-5452.0001210.

Syahidah Nurani Zulkifli; Herlina Abdul Rahim; Woei-Jye Lau; Detection of contaminants in water
supply: A review on state-of-the-art monitoring technologies and their applications. Sensors and
Actuators B: Chemical 2018, 255, 2657-2689, 10.1016/}.snb.2017.09.078.

Stefano Boccaletti; Vito Latora; Yamir Moreno; Mario Chavez; Dong-uk Hwang; Complex
networks: Structure and dynamics. Physics Reports 2006, 424, 175-308, 10.1016/j.physrep.2005.
10.009.

Si Zhang; Hanghang Tong; Jiejun Xu; Ross Maciejewski; Graph convolutional networks: a
comprehensive review. Computational Social Networks 2019, 6, 1-23, 10.1186/s40649-019-0069-

V.

Manuel Herrera; Marco Pérez-Hernandez; Ajith K. Parlikad; Joaquin Izquierdo; Multi-Agent
Systems and Complex Networks: Review and Applications in Systems Engineering. Processes
2020, 8, 312, 10.3390/pr8030312.

Khaled Salah; M. Habib Ur Rehman; Nishara Nizamuddin; Ala Al-Fugaha; Blockchain for Al:
Review and Open Research Challenges. IEEE Access 2019, 7, 10127-10149, 10.1109/access.20
18.2890507.

Pilar Conejos Fuertes; Fernando Martinez Alzamora; Marta Hervas Carot; Joan C. Alonso
Campos; Building and exploiting a Digital Twin for the management of drinking water distribution
networks. Urban Water Journal 2020, 17:8, 704-713, 10.1080/1573062x.2020.1771382.

Sokratis Kartakis, Julie E. McCan. Communication optimization and edge analytics for smart
water grids; Tsakalides, Panagiotis; Panousopoulou, Athanasia; Tsagkatakis, Grigorios;
Montestruque, Luis, Eds.; CRC Press: Boca Raton, FL, US, 2018; pp. 36.

Retrieved from https://encyclopedia.pub/entry/history/show/9974

https://encyclopedia.pub/entry/3027 9/9



