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Executive Summary 

This document is the Deliverable D8.2 – Technology Watch Report, which, according to the 
DoW has the following goals: 
 
D8.2) Technology watch report: This deliverable is a report of the technology areas involved 
in the project (e.g., water modelling and management IT solutions, smart water management 
appliances, social and persuasive games and applications), with a focus on both the scientific 
and the industrial progress. Each area is analysed and its potential is assessed to provide an 
adequate input to the exploitation plan. [month 12] 
 
The present document represents the second achievement of the Business Development 
work package (WP8). WP8 aims at the identification and involvement of early adopters in 
order to ensure post-project exploitation and long-term sustainability and impact of results. 
This document focuses on the review and the critical analysis of the state-of-the-art in the 
different areas involved in the project, namely smart meters sensors (Section 2), water 
customers modelling (Section 3), water utilities and water market (Section 4), gamification 
and serious games applications (Section 5).  
In particular, for each area analysed, the current status, the scientific and industrial 
challenges, and the future directions are discussed in order to identify the most promising 
directions for the exploitation of the SmartH2O project results.  
The document also connects the opportunities identified by the review of the current status 
with the assets and actions defined in the Deliverable D8.1 – Early exploitation plan, 
ultimately providing inputs for the exploitation plan that will be formulated in the next 
deliverables of WP8 (i.e., D8.4 – Intermediate exploitation plan; D8.6 – Final exploitation 
plan). 
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1. Introduction 
This deliverable contains a review and a critical analysis of the state-of-the-art in the different 
areas involved in the project (i.e., smart meters sensors, water customers modelling, water 
utilities and water market, gamification and serious games applications). The deliverable is 
part of the activity of WP8 (Business development). 
The document includes the results of the active tasks of WP8: 

• T8.1 Technology and market watch, for the analysis of the current status of the 
technology and the market. 

• T 8.2 Regulation watch, for the identification of the regulatory frameworks in the 
countries that are direct target of the Consortium. 

 
This deliverable will also influence the prosecution of work in WP8 as it will identify the most 
promising directions for the exploitation of the SmartH2O project results. The combination of 
the opportunities identified in this document with the assets and actions defined in the 
Deliverable D8.1 – Early exploitation plan, will represent the initial directions for the 
construction of an effective SmartH2O exploitation plan, which will be formulated in the next 
deliverables of WP8 (i.e., D8.4 – Intermediate exploitation plan; D8.6 – Final exploitation 
plan). 
The deliverable is organized as shown in Figure 1:  

1. Review and critical analysis of the current status, the scientific and industrial 
challenges, and the future directions for each technology area involved in the 
project, namely smart meters sensors (Section 2), water customers modelling 
(Section 3), water utilities and water market (Section 4), gamification and 
serious games applications (Section 5).   

2. Identification of the input for the future exploitation plan by connecting the most 
promising areas resulting from the results of the review of the current status with the 
assets and actions defined in the Deliverable D8.1 – Early exploitation plan.  
 

 

Figure 1: Overview of the technology watch methodology for the identification of the 
inputs for the exploitation plan. 
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2. Smart-meter sensors 
The role of digital water metering technologies, i.e. smart metering (SM) including 
information/communications technology (ICT), to improve operational efficiency, and inform 
demand management and customer services, is becoming increasingly recognised by water 
utilities, research institutes and governments [Stew2013].  Traditional metering technology is 
a pre-condition for customers to know how much water they consume and, subsequently, 
only pay for amount of water actually consumed. Smart meters provide further benefits for 
water utilities and customers as they offer the opportunity to improve visibility of network and 
operation efficiency, to effectively and timely schedule renovation works, and to obtain 
qualified daily water consumptions, which are the basis for prompting water demand 
management strategies.  
So far, the systematic deployment of smart meter networks is still slow due to the high 
technological and communication cost. As these are expected to decrease over the next 
decade, the cost-benefit equation for utilities should soon suggest new investments in 
intelligent metering [Boyl2013]. Other barriers include security and privacy, and the 
management of big data by water utilities. The collection and distribution of user behavioural 
patterns will introduce also the need for new regulatory framework to protect privacy of 
customer information and data [Boyl2013].  
Several water companies in Europe are steadily exploring the benefits of smart meters. In 
UK, even if metering was left out from the Water Act, a number of water and sewerage and 
water only companies, including Anglian, Northumbrian (with Essex & Suffolk), South West, 
Southern, Thames, Wessex, Bournemouth & West Hampshire, Cambridge, Folkestone & 
Dover, South East, Sutton & East Surrey, Tendring Hundred and Three Valleys, launched 
intensive metering programmes involving smart meter installation over the next 25-year 
[Ofwa2008]. Smart metering penetration rates have considerably been growing in countries 
outside UK such as in France. Among all major countries worldwide France is the fastest-
expanding market in intelligent metering, with smart meter penetration approaching the 50 
percent mark [Mete2014]. For example, in the city of Beaune, 6,200 smart water meters were 
installed by Veolia water to improve network efficiency (initial level of 68%) by reducing leaks. 
After the installation of smart meters network efficiency increased to 78% leading to 
substantial water savings amounted to 300,000 m3 (13%) [Lafu2014]. Other water companies 
in France invest in smart meter technology such as Sedif in the Paris suburban area (550’ 
000), GeandLyon in the city of Lyon and suburban (400’000 - beginning of January, 2015), 
Eaux de Marseille in the city of Marseille and suburb (300’000 – beginning of July, 2014) 
[Lafu2014]. Moreover, smart meter in the water sector is growing worldwide such as in US 
and Australia and a recent report by the StatPlan Energy consultancy estimates that the 2014 
global water meter market to be worth $2.6 billion and by 2018 it will have increased by 
13.2% to just over $3 billion. In Switzerland the market for smart water meters is, on the 
contrary, slower to start, despite some early tests in 2009 and the fact that some well known 
smart meter producers are based in Switzerland, such as Landis+Gyr and Aquametro. 
Energy utilities are making massive investments in the deployment of energy smart meters, 
but water utilities only recently are showing timid interest in the water sector. This is probably 
due to the abundance of water in this alpine country and its consequently low price. 

2.1 Current status 

2.1.1 Metering sensors available on the market 
Conventional metering techniques traditionally rely on mechanical water meters based on a 
spinning turbine, which reports the volume of water flow directly in an impeller rotation. In 
recent years, several types of sensors have been developed by exploiting different 
technologies and physical properties of the water flow (for a review see [Arre2011] and 
references therein):  



  

SmartH2O – Technology watch Page 4 D8.2 Version 1.1 

• Accelerometers [Evan2004], which analyze vibrations in a pipe induced by the 
turbulence of the water flow. A sampling frequency of 100 Hz of the pipe’s vibrations 
allows reconstructing the average flow within the pipe with a resolution of 0.5 liters 
[Kim2008]. 

• Ultrasonic sensors [Mori04], which estimate the flow velocity, and then determine 
the flow rate knowing the pipe section, by measuring the difference in time between 
ultrasonic beams generated by piezoelectric devices and transmitted within the water 
flow. The transducers are generally operated in the range 0.5-2 MHz and allow 
attaining an average resolution around 0.0018 liters [Sanderson02]. 

• Pressure sensors [Froe2009, Froe2011], which consist in steel devices, equipped 
with an analog-digital converter and a micro-controller, continuously sampling 
pressure with a theoretical maximum resolution of 2 kHZ. Flow rate is related to the 
pressure change generated by the opening/close of the water devices’ valves via 
Poiseuille’s Law.  

• High resolution flow meters [Maye1999], which exploit the water flow to spin either 
pistons (mechanic flow meters) or magnets (magnetic meters) and correlate the 
number of revolutions or pulse to the water volume passing through the pipe. 
Sensing resolution spans between 34.2 and 72 pulses per liter (i.e., 1 pulse every 
0.029 and 0.014 liters, respectively) associated to a logging frequency in the range of 
1 to 10 seconds. 

 
So far, only flow meters and pressure sensors have been employed in smart meters 
applications because ultrasonic sensors are too costly and the use of accelerometers 
requires an intrusive calibration phase with the placement of multiple meters distributed on 
the pipe network for each single device of interest [Kim2008]. It is worth noting that the 
“smartness” of these sensors is related both to their high sampling resolution and to their 
integration in efficient systems combining data collection, transfer, storage, and analysis. 
 
A typical example is Aquametro’s domestic water meter system dubbed aquaconcept©, 
which is based on the mechanical Aquametro meter PMK-aquabasic© (see Figure 2). This 
latter acts as a base element upon which to fix different electronic devices, such as 
aquareader© M–Bus or aquareader© CS (Figure 3). 

 

Figure 2: PMK-aquabasic. 

Another element of acquaconcept© is aquadata© M–Bus, which is powered by a 3V Li 
battery to allow full autonomous operation automatic readout and generates meter pulses to 
control visualization panels for local operation and includes also a M Bus interface (EN 13757 
ENN 1434-300/2400 baud). 
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Figure 3: aquareader CS. 

A similar component is aquapuls© which also provides pulse for controlling instruments, 
remote display and transmission and filling control units. Metering resolution (pulse 
weighting) is up to 1 Litre per pulse. This system can be controlled wirelessly by means of the 
aquaradio© module, which connects the meter to the reader through M Bus. For off line 
operation and storage of consumption data over longer periods (e.g. reading once a year) the 
aquatarif© module allows storing of metering information of the previous 400 days and 15 
months as well as days with downtimes and leakage. Reading can be done either by CS 
interface or Optical interface (IEC 62056-21). Wireless reading is implemented by means of 
the acquaradio©  module based on the “walk or drive-by” operations. It works on RF 868 
MHz and is equipped with a battery ensuring 12 years of operation, connected to the meter 
through M-Bus (or Pulse) input. Integration with other domestic metering requirements, such 
as gas meters, is foreseen through aquainfo©, a system module allowing remote and on-site 
reading of CS interface values connected to gas or water meters.  
  
An alternative to the combination of different modules is offered by integrated metering 
systems. These electronic devices integrate metering and communication functions in a 
single tool by adopting electronic metering techniques such as ultrasonic meters. 
 
Since Aquametro has a solid presence in Swiss waterworks, in the Swiss SmartH2O test 
case the Aquametro Topas ultrasonic meter (Figure 4) has been selected and employed. 

 

Figure 4: Aquametro Topas ultrasonic meter. 
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2.1.2 Data reading and transfer technology options 
Several options for water consumption data reading and transfer are available to water 
utilities for implementation. Thames Water identified in 2013 the following three data reading 
and transfer options, conditioned to the metering technology installed: 
 

• Dumb Meter Reading – a conventional meter is installed with a register dial. Meter 
reading is undertaken by a meter reader gaining physical access to the meter and 
visually recording the meter reading into an electronic meter reading data capture 
devices.  

• Automatic Meter Reading (AMR) – a meter with a short range radio is installed at 
each property. The meter reader equipped with a meter reading device is required to 
walk-by the meter in order to take a meter reading but does not require physical 
access to the meter. This process can also be achieved in certain circumstances in a 
vehicle application – known as drive-by reading. The data is captured electronically. 
Additional data may be stored in the meter and collected, such as a small number of 
historic meter readings, minimum and maximum flows and alarms for tamper, low 
battery and potential leakage found.  

• Advanced Metering Infrastructure (AMI) – using a fixed network meter reading 
system (usually radio based), meters are read electronically and do not require a 
meter reader. Electronic readings are passed from the meter through to utility offices 
for billing and network management purposes. With these systems it is possible to 
collect more frequent data on consumption and alarm conditions, which can be used 
to provide additional benefits. 
 

A cost-benefit analysis performed by Thames Water (detailed cost-benefit analysis reported 
in APPENDIX A) on the three options allowed identifying AMI solutions as the most promising 
and suitable one, when considering potential for customer consumption reduction, leakage 
detection, reading frequency intervals and data quality.  
As for data transfer from customers’ houses to water utilities, Advanced Metering 
Infrastructure can alternatively rely on wired connections (e.g., power line communications, 
telephone line) or wireless connections (usually through radio spectrum (RF)) for data 
transfer from. However, the latter wireless option appears to be more suitable than the 
previous ones, especially in cases of externally located water meters. Four viable 
configurations of RF-based AMI can be identified: 
 

• mobile phone technology; 
• low power radio; 
• medium range radio; 
• long range radio. 

 
Such configurations are presented in the following paragraphs (for more information on the 
specifications of each infrastructure option, see A.1.5).  
 

RF-AMI configuration 1: Mobile phone technology only. 

The meter uses the mobile phone network system as the only RF data transfer component. 
This implies a one to one relationship between meter and mobile phone system, thus the 
coverage range depends on the mobile phone coverage. Figure 5 shows the AMI system 
configuration for such option. 
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Figure 5: Mobile phone data transfer. 

 

 

 

RF-AMI configuration 2: Low power radio systems. 

In this second AMI option (see Figure 6), the meter uses a low power RF transmitter to send 
meter reading to a ‘repeater’ a short distance away. From the repeater the data is transferred 
over a longer range (1 to 5 km) to a concentrator. Data transfer from the concentrator is via 
the mobile phone system or landlines. 

 

Figure 6: Lower power radio systems. 

 

RF-AMI configuration 3: Medium range radio 

These systems (see Figure 7) discard the repeater and make use of multiple (battery 
powered) concentrators. From the concentrator, data is returned via the mobile phone 
system. 
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Figure 7: Medium range radio data transfer. 

 
RF-AMI configuration 4: Long-range radio 

A long-range radio system (Figure 8) places the emphasis on a limited number of high quality 
concentrators and relatively powerful meter transmitters. Power outputs are at least 10 times 
higher than the low power radio systems. When implementing the system, frequencies 
spectrum and power output limits allowed in the considered country must be kept into 
account. 
 

 

Figure 8: Long-range radio data transfer. 
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2.2 Scientific and industrial challenges and exploitation potential  

Some general comments, challenges and exploitation potential of the different data metering 
and communication solutions identified in the previous paragraph can be drawn from a trial 
performed by Thames Water. Between 2011 and 2013, Thames Water conducted a Fixed 
Network Trial (FNT) that provided experience of two different AMI solutions: a low power 
radio solution and a long-range radio installation (medium range solutions were not 
evaluated). Such FNT consisted of more than 4000 AMI enabled meters providing daily data 
at a 15-minute resolution. 

2.2.1 Challenges and findings from a Fixed Network Trial 
The knowledge gained from the FNT allowed identifying the following practical issues and 
challenges: 
• Low power radio technologies are more difficult to deploy; principally because of the 

number of sites required for repeaters (typically lampposts) and concentrators. The need 
to access street furniture effectively gives local government a veto over the deployment 
of low power radio systems.  

• The availability of concentrator sites is limited or can be very expensive. 
• Achieving close to 100% data returns from AMI is difficult due to local radio dead spots, 

even in areas that would be expected to be within the radio range. 
• The number of meters returning data varies due to changing conditions (weather, 

vehicles on pits and new construction etc.). 
• Repeaters installed on lamp-posts require the use of a mobile platform. A single failure is 

therefore relatively expensive compared to the number of meters affected.   

A two-fold strategy can be adopted, in order to minimise these issues: 
• a first option would be deploying equipment with a very long range between the 

meter and the receiver; 
• a second option would be having shorter range equipment with multiple receivers.  

In simplistic terms, the greater the range between the meter and the concentrator, the fewer 
concentrators will be required. The required number of concentrators will decrease as a 
square root of the equipment range, (doubling the radio range, quadruples the area covered).  
As a fundamental finding of the FNT trials, data transmission range between meter and 
concentrator is seen as a major factor in determining equipment suitability. Figure 9 shows a 
sample simulation of concentrator coverage with equipment ranges of 100m, 200m and 
400m. 
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Figure 9: Simulation of coverage at 100, 200 and 400m radio ranges. 
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2.2.2 Opportunities for the development of AMIs 
The deployment of an AMI system offers other opportunities for the water sector. Currently 
several business critical systems make use of RF technologies (principally mobile phone) to 
transmit data. The AMI infrastructure may provide a more cost effective alternative. The use 
of a two-way system in particular offers control functionality as opposed to just a monitoring 
function. The development opportunities identified for AMI networks are summarized in Table 
1. 

Table 1: Future potential benefits of AMI networks. 

Equipment Notes 
 

Meters into supply, zonal 
metering and district 
metering applications 

These (large) meters measure flow from the water treatment 
works and within the network. Currently these meters are data 
logged using mobile phone technology. Data resolution varies 
from live to 15 minute. Some meters are bi-directional. 
There are few obstacles in moving from mobile phone data 
logging to its AMI equivalent. 

Pressure loggers Within the network the pressure is recorded. This information is 
used to minimise pressure (and therefore leakage) within the 
network. Pressure data is transferred using mobile phone data 
loggers. 

Noise loggers and noise 
correlators 

Noise loggers are used to identify leakage on the network. The 
amount of data requiring transferring ranges from minimal to 
megabits requiring dedicated landlines. Local noise correlators 
frequently make use of walkby data collection systems. Noise 
loggers are available to connect to some existing AMI systems. 

Level monitors and alarms Level monitors are used to check the flow of water or 
wastewater (sewage) in open or unpressurised systems. 
Equipment may need to be ATEX (gas safe) in some conditions 

SCADA (supervisory 
control and data 
acquisition) equipment 

Water treatment works, sewage treatment works and water and 
waste water networks make extensive use of SCADA systems. 
Examples include remote pumping and valve controls. An AMI 
network offers an alternative to control methods. 
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3. Water customers modelling 
Despite the increasing pressure on water resources posed by growing population as well as 
climate and land use change, water customers modelling has received less attention than 
studies focused on the water supply expansion.  
Traditionally, customers’ models focus on describing the water demand at different temporal 
and spatial scales. At the lowest resolution, studies have been developed, mostly in the 
1990's, to model water demand at the urban or block group scale, using low time resolution 
(i.e., above daily) consumption data retrieved through billing databases or experimental 
measurement campaigns on a quarterly or monthly basis. The main goal of these works is to 
inform regional water systems planning and management on the basis of estimated 
relationships between water consumption patterns and socio-economic or climatic drivers  
[Hous2011]. The advent of smart meters [Maye1999] in the late 1990's made available new 
water consumption data at very high spatial (household) and temporal (from several minutes 
up to few seconds) resolution, enabling the application of novel data analytics tools to 
develop accurate characterizations of end-use consumption behaviours of the water 
customers.  
From a review of 131 scientific papers and project reports [Comi2015], we defined a general 
4-step procedure (see Figure 10) to study residential water demand modelling and 
management relying on the high-resolution data nowadays available: (i) data gathering, (ii) 
end-use characterization, (iii) user modeling, (iv) design and implementation of 
personalized water demand management strategies. In particular, water customers 
modelling refers to steps 2 and 3 of this procedure, which are extensively discussed in the 
next two sections. It is worth noting that so far the water customers modelling has been 
mainly explored within academic research, as confirmed by the count of the publications 
reviewed (Figure 11). 
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Figure 10: Flowchart of the general procedure for studying residential water demand 
modelling and management. 
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Figure 11: Five-years count of the 131 publications reviewed in [Comi2015]. 

3.1 End-use characterization 

Non-intrusive metering requires disaggregation algorithms to breakdown the total 
consumption data registered at the household level into the different end-use categories. In 
the water research literature, several studies have been conducted in the last two decades 
using a variety of single or mixed disaggregation methods, such as household auditing, 
diaries, high resolution flow meters and pressure sensors (see Table 2). 
According to the methodology adopted, we can identify two main approaches: decision tree 
algorithms, namely Trace Wizard® [DeOr1996] and Identiflow® [Kowa2003], and machine 
learning algorithms, namely HydroSense [Froe11] and SEQREUS [Beal2011]. Recently, 
the disaggregation of medium resolution water data (i.e., hourly data) has been explored by 
means of the water use signature patterns method [Card2013a,b], namely a combination of 
feature selection, unsupervised learning, and cluster evaluation. 
 

Table 2.  List of scientific publications contributing to the end-use charaterization. 

Reference Location Disaggregation 
algorithm 

Number of 
households 

Froe2011 NA HydoSense 5 

Hein2007 New Zeland Trace Wizard 12 

Maye2004 USA Trace Wizard 33 

DeOr1996 USA Trace Wizard NA 

Kowa2003 UK Identiflow 250 

Kowa2005 UK Identiflow NA 

Beal2011a Australia SEQREUS 1500 

DeOr1994 USA Trace Wizard 16 

Maye1995 USA Trace Wizard 16 
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DeOr2000 USA Trace Wizard 10 

Loh2003 Australia Trace Wizard 720 

Robe2005 Australia Trace Wizard 100 

Mead2009 Australia Trace Wizard 10 

Will2009a Australia Trace Wizard 200 

Will2009b Australia Trace Wizard 151 

Aqua2011 USA Trace Wizard 209 

Nguy2014 Australia SEQREUS 3 

Nguy2013a Australia SEQREUS 252 

Nguy2013b Australia SEQREUS 3 (out of 252)  

Maye2000 USA Trace Wizard 37 (out of 1188) 

Maye2003 USA Trace Wizard 33 

DeOr2011 USA Trace Wizard 1000 

Card2013a Australia 
water use signature 

patterns 11,000 

Card2013b Australia 
water use signature 

patterns 187 
 

3.1.1 Trace Wizard 
Trace Wizard® [DeOr1996] is a commercial software (recently replaced by an on-demand 
service developed and managed by Aquacraft Inc) which applies a decision tree algorithm to 
interpret magnetic metered flow data based on some basic flow boundary conditions (e.g., 
minimum/maximum volume, peak flow rate, duration range, etc.).  
The disaggregation process is structured in the following steps: 

1. Conduct a detailed water device stock inventory audit for each household to 
determine the efficiency rating of each household appliance/fixture;  

2. Household's occupants should complete a diary of water use events over a one-
week period to gain information on their water use habits; 

3. Analysts use water audits, diaries, and sample flow trace data for each household to 
create specific templates that serve to match water end-use patterns depending on 
some basic flow boundary conditions. 

4. Based on the developed templates, stock survey audit, diary information and 
analysts' experience, the individual water end-uses are disaggregated. 

It is worth noting that the human resource effort required by Trace Wizard makes the overall 
process extremely time and resource intensive, with the quality of the results that is strongly 
dependent on the experience of the analyst in understanding flow signatures. It has been 
estimated that the classification of two weeks of data approximately requires two hours of 
works by the analyst and attain an average classification accuracy of 70% [Nguy2013a]. In 
addition, the prediction accuracy of Trace Wizard is significantly reduced when more than two 
events occur concurrently [Maye1999]. However, Trace Wizard still has an edge on 
disaggregation techniques and has been used in several research works and projects 
[DeOr1994; Maye1995; DeOr1996; Maye1999; DeOr2000; Loh2003; May2004; Robe2005; 
Hein2007; Mead2009; Will2009a; Will2009b; Aqua2011; DeOr2011a]. 
 

3.1.2 Identiflow 
Similar to Trace Wizard, Identiflow® [Kowa2003] relies on a decision tree algorithm to 
perform a semi-automatic disaggregation of the total water consumption at the household 
level. Identiflow uses fixed physical features of various water-use devices (e.g., volume, flow 
rate, duration, etc.) to classify the different end-use events. Although Identiflow has shown 
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better performance than Trace Wizard (i.e., 74.8% accuracy in terms of the correctly 
classified volume over 3,870 events [Nguy2013a]), its classification accuracy strongly 
depends on the physical features used to describe each fixture/appliance. Two different water 
events are likely classified into the same category if they exhibit similar physical 
characteristics. Moreover, it fails to classify events when the customers replace old devices 
with modern ones, since the physical characteristics of these latter might be completely 
different compared to the old ones. 
 

3.1.3 HydroSense 
HydroSense [Froe2011] is a probabilistic-based classification approach, which relies on data 
collected through pressure sensors. Water end-use events are classified with respect to the 
unique pressure waves that propagate to the sensors when valves are opened or closed. 
Specifically, when a valve is opened or closed, a pressure change occurs and a pressure 
wave is generated in the plumbing system. Based on the pressure wave (which depends on 
the valve type and its location), water end-use events are classified by using advanced 
pattern matching algorithms and Bayesian probabilistic models.  
HydroSense has been demonstrated to attain very high levels of classification accuracy, 
namely 90% and 94% with one or two pressure sensors, respectively [Froe2011]. However, 
the calibration of the algorithm requires an intrusive monitoring period with the installation of a 
much larger number of pressure sensors connected to each water device (i.e., Froeh2011 
used 33 sensors in a single household). This requirement significantly constrains the 
portability of this approach to a wide urban context, as it would entail large costs and privacy 
issues. 
 

3.1.4 SEQREUS 
The SEQREUS approach [Beal2011a] proposes a combination of Hidden Markov Models 
(HMMs), Dynamic Time Warping (DTW), and time-of-day probability to automatically 
categorize the collected data at the household level into particular water end-use categories. 
To minimize the intrusiveness of the approach, the ground truth for the calibration (i.e., a set 
of disaggregated end-use events) is obtained using Trace Wizard. Then, the SEQREUS 
approach works as follows: 

1. The disaggregated data are used for training multiple HMMs, one for each end-use 
category (excluding the inconclusive event); 

2. The physical characteristics of each end-use category are used to refine the estimate 
given by the HHMs (e.g., any shower event with a volume less than 7 litres or any 
bathtub event with duration less than 4 minutes is placed in the inconclusive event for 
future analysis); 

3. A DTW algorithm determines if any event in the inconclusive dataset is similar to an 
event in categories having clearly defined consumption patterns, namely the clothes 
washer and dishwasher cycles; 

4. Time of day probability is used to assign inconclusive events to an end-use category. 
Testing on three independent households located in Melbourne (Australia) demonstrated a 
high prediction accuracy, namely between 80% and 90% for the major end-use categories 
[Nguy2014]. However, the method still requires human input to achieve such levels of 
recognition accuracy, such as for the classification of inconclusive events supported by DTW 
and for manually classifying combine events [Nguy2013a; Nguy2013b].  
 

3.2 Customers modelling 

The customers modelling phase aims at representing the water demand at the individual 
(household) level, possibly as determined by natural and socio-psychographic factors as well 
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as by the users' response to different water demand management strategies (WDMS). When 
the households are equipped with smart meters, the disaggregated end-uses replace the 
consumption at the household level. 
In the literature, two distinctive approaches exist (see Table 3): descriptive models, which 
focus on the analysis of observed water consumption patterns, and predictive models, 
which provides estimate of the water demand as determined by natural and socio-
psychographic factors, and in response to different WDMS. 

Table 3: list of scientific publications contributing to the water customers modelling. 
The multivariate analysis is classified in E=economic-driven studies, GS=geo-spatial 

studies, P=psychographic studies). 

Authors Location Modelling 
approach 

Multivariate 
analysis 

Behavioural 
model 

Spatial 
scale 

Loh2003 Australia descriptive - - household 

Gato2011 Australia descriptive - - household 

SDU2011 USA descriptive - - household 

SJES2011 USA descriptive - - household 

Card2013c Australia descriptive - - household 

Beal2013 Australia descriptive - - household 

Beal2014 Australia descriptive - - household 

Guru2015 Australia descriptive - - household 

Guru2014 Australia descriptive - - household 

Beal2014 Australia descriptive - - household 

Cole2013 Australia descriptive - - household 

Willis2011 Australia descriptive - - household 

Beal2011 Australia descriptive - - household 
Magg2015 USA predictive E+GS+P single household 
Makk2015 Australia predictive E+P single household 
Hous2011 NA predictive E+GS+P single+multi NA 

Schn1991 USA predictive E - district 

Lyma1992 USA predictive E+GS+P single household 

Espe1997 NA predictive E - NA 

Dalh2003 NA predictive E - NA 

Miao90 USA predictive GS - urban 

Pole2010 USA predictive GS - 
census 
tracts 

Lee2011 USA predictive GS - household 

Olms2007 USA predictive E - household 

Will2013 Australia predictive P - household 

Homw1994 USA predictive AR - urban 

Moli1996 Italy predictive AR - urban 

Altu2005 Turkey predictive AR - urban 

Alvi2007 Italy predictive AR - household 

Nass2011 Iran predictive AR - urban 

Broo2002 NA predictive E - NA 
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Olms2009 NA predictive E - NA 

Rose2010 Jordan predictive E - household 

Qi2011 USA predictive E - urban 

Griff1991 USA predictive GS - district 

Zhou2000 Australia predictive GS - urban 

Zhou2002 Australia predictive GS - district 

Full2004 USA predictive GS - urban 

Aly2004 USA predictive GS - urban 

Gato2007 Australia predictive GS - urban 

Ball2007 USA predictive GS - urban 

Ball2008 USA predictive GS - 
census 
tracts 

Lee2008 USA predictive GS - 
census 
tracts 

Pras2009 Korea predictive GS - urban 

Corb2009 NA predictive GS - NA 

Chan2010 USA predictive GS - household 

Lee2010 USA predictive GS - urban 

Syme2004 Australia predictive P - household 

Went2007 USA predictive P - household 

Fox2009 UK predictive P - household 

Russ2010 NA predictive P - NA 

Graf2011 
10 OECD 
countries predictive P - household 

Suer2012 USA predictive P - household 

Mato2014 Portugal predictive P - household 

Tale2014 Australia predictive P - household 

Roma2014 Italy predictive P - 
water 
utility 

Gato2006 Australia predictive GS single urban 

Rose2007 Jordan predictive GS+P single household 

Blok2010 Nederland predictive P single household 

Cahi2013 USA predictive P single household 

Benn2013 Australia predictive GS+E+P single household 

Rixo2007 Australia predictive E+P multi household 

Gala2009 Spain predictive P multi household 

Chu2009 China predictive E+P multi household 

Kant2014 NA predictive GS+P multi household 

Jorg2009 NA predictive P - household 

Kenn2008 USA predictive E+GS+P single household 

Makk2013 Australia predictive E+P single household 
 

3.2.1 Descriptive models 
The first class of models, namely descriptive models, aims at analysing the observed water 
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consumption behaviours of water customers. Depending on the resolution of the data 
available, the analysis can focus on identifying aggregated consumption patterns or on 
defining customers’ profiles on the basis of the disaggregated end-uses (e.g., [Loh2003; 
SDU2011; SJES2011; Gato2011; Willis2011; Beal2011b; Beal2013; Card2013c; Cole2013; 
Beal2014a; Beal2014b; Guru2014; Guru2015]).  
The construction of descriptive models allows studying historical trends to build a user 
consumption profile that constitutes the baseline for identifying the most promising areas 
where conservation efforts may be polarized (e.g., restriction on irrigation practices in case 
gardening represents the dominant end-use). However, the majority of these models cannot 
be used to predict the water savings potential of alternative WDMS, unless combined with 
control group experiments to observe users responses [Cahi2013]. 
 

3.2.2 Predictive models 
The second class of models, namely predictive models, aims at estimating the water demand 
at the individual (household) level or the corresponding disaggregated end-uses. Some works 
developed predictive models that mostly provide short-term forecast of the water demand on 
the basis of time series analyses (e.g., [Homw1994; Moli1996; Altu2005; Alvi2007; 
Nass2011]). Yet, these approaches are ineffective in supporting the design and 
implementation of WDMS as the predicted water consumption of a user is not related to his 
socio-psychographic factors or his response to different WDMS.  
An alternative approach can be structured in the following two sub-steps: (i) multivariate 
analysis, which consists in the identification and selection of the most relevant inputs to 
explain the pre-selected output (i.e., individual water consumption), and (ii) behavioural 
modelling, which means model structure identification, parameter calibration and validation.  
The multivariate analysis phase (i.e., variable selection as called in data-driven modelling 
[Geor2000]) is a fundamental step to build predictive models of urban water demand 
variability in space and time. In most of the works, the identification of the most relevant 
drivers relies on the results of correlation analysis between a pre-defined set of variables 
(candidate drivers) and the water consumption data. Depending on the specific domains from 
which the candidate drivers are extracted, we can distinguish three main approaches:  

• economic-driven studies, which focus on studying the correlation between water 
consumption and purely economic drivers, such as water tariff structures or water 
price elasticity (e.g., [Schn1991; Espe1997; Broo2002; Dalh2003; Olms2007; 
Olms2009; Rose2010; Qi2011]);  

• geo-spatial studies, which assess the correlation between hydro-climatic variables 
and seasonality with water consumption (e.g., [Miao1990; Griff1991; Zhou2000; 
Zhou2002; Full2004; Aly2004; Gato2007; Ball2007; Ball2008; Lee2008; Pras2009; 
Corb2009; Chan2010; Pole2010; Hous2010; Lee2011]);  

• psychographic-driven studies, which infer the influence of users' personal 
attributes on their water consumption, including income, family composition, lifestyle, 
and households' physical characteristics, such as number of rooms, type, presence 
of garden (e.g., [Syme2004; Went2007; Fox2009; Jorg2009; Russ2010; Graf2011; 
Will2011; Sue2012; Mato2014; Tale2014; Roma2014]). 

In most of the literature, the customers modelling is limited to the multivariate analysis, which 
however provides only qualitative information to water managers, water utilities, and decision 
makers. Only few works completed the second phase (i.e., behavioural modelling) and 
provide a quantitative prediction of the water demand at the household level, thus 
representing better decision-aiding tools as they can use these models to develop what-if 
analysis as well as scenario simulation and analysis.  
The construction of behavioural models aims at the identification, calibration, and validation 
of mathematical models, which describe the water demand (i.e., output variable) as a function 
of the drivers identified in the multivariate analysis. In the behavioural modelling literature, we 
can identify a first class of models, named single-user models, which describe the 



  

SmartH2O – Technology watch Page 20 D8.2 Version 1.1 

consumption behaviour of individual customer considered as isolated entities. These works 
(e.g., [Lyma1992; Gato2006; Rose2007; Kenn2008; Blok2010; Cahi2013; Magg2015]) 
generally rely on dynamic models or Monte Carlo techniques based on sampling of statistical 
distributions describing users and end-uses (e.g., number of people per household and their 
ages, the frequency of use, flow duration and event occurrence likelihood). Water demand 
patterns can be then estimated via model simulation and comparison of the results with the 
observed data. Yet, sampling a probability distribution often reduces the heterogeneity of the 
water users. Recently, different approaches (e.g., [Benn2013; Makk2013; Makk2015]) 
combining non-parametric statistical tests and advanced regression models to identify key 
water consumption drivers and forecast urban water consumption have been demonstrated 
to successfully identify the main drivers of water consumption and to attain good forecast 
accuracy levels. 
A second class of behavioural models, named multi-user models, instead focus on studying 
the social interactions and influence/mimicking mechanisms among the water customers. The 
majority of these works rely on multiagent systems [Shoh2009], where each water customer 
(agent) is defined as a computer system situated in some environment and capable of 
autonomous actions to meet its design objectives, but also able to exchange information with 
the neighbour agents and change its behaviour accordingly [Wool2009]. The adoption of 
agent-based modelling offers several advantages with respect to other approaches 
[Bona2002; Bous2004]: (1) it provides a more natural description of a system, especially 
when it is composed of multiple, distributed, and autonomous agents, (2) it relaxes the 
hypothesis of homogeneity in a population of actually heterogeneous individuals, (3) it allows 
an explicit representation of spatial variability, and (4) it captures emergent global behaviours 
resulting from local interactions. As a consequence, multiagent systems can be employed to 
study the role of social network structures and mechanisms of mutual interaction and 
mimicking on the behaviours of water customers (e.g., [Rixo2007; Gala2009]), to estimate 
market penetration of water-saving technologies (e.g., [Chu2009]), and to simulate the 
feedbacks between water consumers and policy makers (e.g., [Kant2014]). 
 

3.3 Scientific and industrial challenges and exploitation 
potential  

3.3.1 End-use characterization 
Given the small number of algorithms for managing water flow data, there is still a large room 
for developing new methods addressing the major limitations of the existing approaches: 

1. First, most of the approaches used in the water sector requires time consuming 
expert manual processing and intensive human interactions via surveys, audits and 
water event diaries, while the development of automatic procedures is fundamental 
to further extend the application of these methods beyond experimental trials and 
research projects [Stew2010]. Moreover, the existing methods have limited accuracy 
in identifying overlapping events. 
The disaggregation problem has been addressed in other research fields as a 
general problem of blind identification, or output-only system identification 
[Reyn2012]. The real state of the system (i.e., the set of the working states and water 
consumption of each single fixture in the household) is unknown and only 
observations of the system's output (i.e., the total water consumption) are available. 
Starting from the 1990's, several techniques have been proposed to address blind 
identification problems in different research field, such as signal processing, data 
communication, speech recognition, image restoration, seismic signal processing 
(see [Abe1997] and references therein).  
Recently, this problem has been largely studied in the energy sector to develop 
automatic disaggregation methods, also known as Non Intrusive Load Monitoring 
algorithms, which aim at decomposing the aggregate household energy consumption 
data collected from a single measurement point into device-level consumption data 
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(for a review, see [Zeif2011; Zoha2012; Carrie2013] and references therein). These 
methods show promising results and seem effective also up to 6-10 appliances 
[Figu2014; Mako2013]. Yet, the portability of such techniques in the water field has 
not been assessed. Some additional challenges in characterizing water end-use 
events might be introduced by the larger human dependency than the one of electric 
appliances, which are generally more automatic. These concerns primarily involve 
manually controlled fixtures (e.g., bathtubs, showers, faucets), which can be used not 
at the maximum capacity [Froh2009]. 

2. The second main open question relates to the acquisition of the ground truth for initial 
calibration. All the algorithms used for disaggregating water data, but also the 
majority of the ones used for energy data, need an intrusive period to collect a 
dataset of disaggregated end-use events, which incurs extra cost and human effort, 
ultimately challenging their large-scale application. Researchers are actively looking 
to devise completely unsupervised or semi-supervised methods that avoid the effort 
of acquiring the training data (e.g., [Gonc2011; Pars2014]). 

3. Finally, most of the approaches are currently focused on correctly characterizing the 
on/off status of the devices and, possibly, the fraction of total energy assigned 
correctly, while their performance in reproducing the timings and frequencies of each 
device are lower [Batr2014]. Yet, timings and frequencies represent key information 
to understand customers’ behaviours and design personalized demand management 
strategies (e.g., deferring the use of some appliances to peak-off hours).  

3.3.2 Customer modelling 
Given the current status of the customers modelling studies and the room for improvement 
given by the use of high resolution, smart metered data, several open challenges and future 
directions emerge: 

1. The first open question in terms of descriptive models concerns matching the 
analysis of the water consumption patterns with the potential drivers generating the 
observed customers behaviours. This would allow validating the results of the 
classification of the users on the basis of their consumption and understanding if this 
latter is a good proxy representing different characteristics of the users.  

2. The use of spatially explicit models to take advantage of the high temporal and 
spatial resolution of smart metered data is often hindered by the aggregation of 
individual household data to a larger spatial scale to protect customers' privacy as 
well as by the difficulties in collecting and sharing data coming across multiple water 
authorities and administrative institutions [Hous2011]. 

3. The second major challenge relates to the validation of the agent-based behavioural 
models. As in the construction of complex process-based models, accurately 
describing the single customer (agent) behaviour and connecting multiple customers 
within an agent-based model does not ensure the validity of the results, although 
these latter are contrasted with observed data. In addition, given the large number of 
assumption and parameters, the problem of equifinality (i.e., the potential existence 
of multiple, alternative parameterization leading to same simulation outcomes) has to 
be addressed [Ligt2010]. 

4. Finally, it is worth noting that the type of candidate drivers considered in the 
customers modelling process impacts the statistical representativeness of the results. 
The construction of sufficiently large datasets to estimate the relationships between 
water consumption data and the uncontrolled drivers (i.e., hydro-climatic and 
psychographic variables) is generally easy, provided that the time period is long 
enough and the number of involved users is sufficiently high. On the contrary, in most 
of the cases there is a single historical realization of the controllable drivers, namely 
the ones subject to human decisions (e.g., the existing pricing scheme). In such 
cases, the response of the customers to different options is generally estimated via 
economics principles or surveys. Yet, economic principles introduce a priori general 
rules that might be inaccurate in characterizing the specific customers under study, 
and the surveys provide only a static snapshot of the system conditions. The 
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potential for using experimental trials (e.g., [Gilg2006; Bori2013; Fiel2013]) and 
gamification platforms [Muhl2008] to validate behavioural models results by retrieving 
information to the real customers in large-scale applications has not been tested yet. 
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4. Water utilities and water market  
This section reviews status and prospects of a specific segment of the broader water market, 
that is, investment undertaken by water utilities in smart metering, and more generally in 
smart water systems. To this aim, it leans upon empirical evidence and the conceptual 
framework that were illustrated by an early exploitation plan for the SmartH2O project 
[SH2O2014] and surveys available information on smart meter market and regulation.  

4.1 Current status 

Water market concerns equipment, plants, works, services and materials that are offered by 
manufacturers, contractors, consultants, technology vendors and other suppliers to water 
utilities.  A widely cited estimate of the global expenditures in water market reaches 557 USD 
billion in 2013 [UKWR2014]. The same source reports a narrower estimate, which is obtained 
by focusing on global capital expenditures of utilities only. Under this definition, the global 
market size is worth 195 USD billion in 2013. Nevertheless large variation can be expected in 
utilities’ investment conducts, as water resource endowment, institutions and industry 
organization vary highly between countries [SH2O2014]. 
For instance, both Italy and Switzerland exhibit substantial fragmentation of utility industry, 
dominance of municipal ownership, very low water tariffs, and high levels of per-capita water 
consumption. At the same time, investment is by far more intense in Swiss utilities than in 
Italian utilities owing to the adoption and enforcement of stricter environmental regulation. In 
this respect Swiss and German water industries are more similar, even though the latter 
shows higher tariffs and lower levels of water consumption. By contrast medium levels of 
tariffs and consumption are reported for both France and UK, whose water industries are 
organized in quite different ways. Private ownership and a national regulatory authority are 
the most salient treats of the UK water and sewerage industry, while public-private 
partnership and local authorities are common in France. 

4.1.1 Smart metering market: investment assessment and estimates 
More particularly European utilities are likely to vary greatly with respect to their investment 
potential towards smart meters and smart water systems. A taxonomy of water utilities as 
possible targets users of SmartH2O platform was developed by a previous report of 
SmartH2O project (see [SH2O2014] for further details). Availability of financial resources, i.e. 
internal financial health and compliance with binding investment requirements (e.g. 
concerning urban wastewater treatment), and predictability of management behavior, that is 
civil-servant or business-like attitude v. managerial discretion, are critical dimensions for a 
preliminary decision that the utility is worth being analyzed as a possible target user (Table 
4).  

Table 4: First step: Is the utility worth analyzing further? 

 Financial resources (Utility) 

Management style (Utility) Fair or good Poor  

Business-like or Civil servant Further analysis Financially constrained 

Discretionary Unpredictable Unpredictable 

Source: [SH2O2014] 
Once the utility is acknowledged to be worth an in-depth analysis, Table 5 illustrates how to 
combine management style and external dimensions in order to assess the utility’s 
significance as a target user. So-called external dimensions include operational needs for 
water conservation (water scarcity, topology of the network, maintenance costs, energy 
costs, water treatment costs), economic sustainability (economic regulation in terms of 
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delivery mode, presence of incentive regulation, or public subsidies), utilities’ quest for 
legitimacy and reputation (institutional and social pressures from various stakeholders).     

Table 5: Second step: May the utility be a target user? 

 External dimensions  

Management 
style 

Operational needs 
(Local area) 

Economic sustainability  
(Country) 

Quest for legitimacy & 
reputation (Country) 

Business-like +  ++ ++ 

Civil servant ++ + + 

Source: [SH2O2014] 
 
The utility taxonomy indicates that adoption of smart water systems depends on drivers that 
are highly specific to individual utilities. Thus quantification is not trivial, and it does not come 
as a surprise that macro-level figures for smart metering investments in global water industry 
vary greatly, with estimates for 2010 ranging from $214 to $525 million [UKWR2014]. 
Metering market includes different technologies; smart meters were estimated to cover 
around 6% out of global water metering markets in 2009. The global smart water market, 
including automation and control, design and engineering services, ICT, software and 
analytics, besides smart meters, is estimated to reach almost to $6 billion in 2010  
[Fros2012].  

4.1.2 Organization of smart metering activities in network industries  
A fruitful perspective to analyze the smart metering business in the water industry is an 
account of the way in which smart metering activities are developing and organizing in other 
network industries, mainly electricity and gas. Prior to liberalization reforms, the electricity 
and gas industries were organized as vertically-integrated monopolies and metering activities 
were regarded as part of the monopoly supply business. Metering quality, mainly 
measurement frequency and precision, was subject to regulation and metering costs were 
passed on users via regulated metering tariffs. 
Over the liberalization of energy markets, the metering activities have been kept bundled to 
the distribution segment, a regulated local monopoly both in electricity and gas industries. 
Bundling distribution and metering was coherent with some antecedents of energy markets. 
First of all, physical interconnection of metering equipment to the distribution network made a 
model in which meters were considered as a network component rational and effective. 
Second, the prevalent model in Europe, both in electricity and gas, entailed bundling of 
downstream activities, i.e. distribution and retail. In this context, the downstream vertically-
integrated utility was the only user of meter data and became naturally entitled to take charge 
of meter responsibility as well. Third, the traditional meters did not provide services besides 
supplying data necessary for billing. This narrowed the scope for specialized metering 
operations. 
In the last years, the above described scenario has evolved considerably. Energy markets 
and the water industry have been subjected to significant changes. Technological progress 
and the introduction of smart metering have transformed the way we look at the metering 
business. As reforms of energy markets have been going on all over the European Union, 
unbundling and retail liberalization have broadened the set of market participants that rely on 
meter data to settle economic transactions. Suppliers (often new entrants) need meter data to 
design price options as well as to invoice customers and to assess each customers’ potential 
for demand management; transmission and distribution system operators need meter data to 
invoice retailers for network services; the system operator needs meter data to assess 
imbalances. 
From a technological point of view, smart metering relies on telecommunication systems and 
requires communication network operation, a highly specialized activity, traditionally beyond 
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the core businesses of electricity, gas and water suppliers. Moreover, telecommunications 
bring potentially significant scale and scope economies, as the same communication 
infrastructure can serve multiple metering purpose, e.g. electricity, gas, water, heat, as well 
as additional services (home security and safety monitoring, public lighting, street security, 
etc.).  
As a consequence, electricity, gas and/or water suppliers cannot be regarded any more as 
the obvious candidate to deploy and operate communication infrastructures shared by 
multiple purpose metering systems. 

4.1.3 Multiservice smart metering in Italy 
Recently the Italian Energy and Water Regulatory Authority (AEEGSI) has launched an 
initiative aimed at trialing multiservice smart meters targeted at electricity, gas, water and 
district-heating sectors. The project involves approximately 60,000 customers in 9 large and 
medium-sized cities (Turin, Reggio-Emilia, Parma, Modena, Genoa, Verona, Bari, Salerno 
and Catania). The initiative is funded by a 10 cents una tantum contribution charged to all 
Italian natural gas customers. As a result, the involved customers will be able to check their 
energy, gas and water consumption by connecting to a single web portal and, depending on 
the city, they will enjoy trials of other related services (noise sensors, garbage bin sensors to 
detect and forecast fill-levels, leakages sensors on the water pipelines, etc.). For reasons that 
will be discussed in the remaining part of Section 4, deployment and operation of smart 
metering systems are required to be contracted to third-party operators completely 
independent from network operators. 
  

4.2 Scientific and industrial challenges and exploitation 
potential 

4.2.1 Market forecasts 
Market research supports a positive expectation toward the growth of global market for smart 
metering. Forecasts for smart metering investments in global water industry by 2020 range 
from $3 to $10 billion [UKWR2014]. Smart water meters are expected to cover a 29% share 
of total metering investment worldwide by 2020 [Fros2012]. The widely-defined smart 
metering business can be split into two broad groups of activities: meter availability services, 
consisting in making the metering infrastructure and functionalities available to the party in 
charge of collecting data, and data management services, consisting in ensuring that the 
entitled parties have access to data, when requested, in the correct format. The global smart 
water market, i.e. availability and data management services, is estimated to reach $23 billion 
by 2020, with Europe amounting to a 24% share of the global market [Fros2012].   
 

4.2.2 Smart metering in European countries: Cost-benefit assessment 
At EU level, Member States have been pushed to provide cost-benefit analyses for the 
purpose of assessing the economic sustainability of smart metering systems deployment. 
The following table reports summary information on the results of the cost benefit 
assessments performed in Great Britain, France, Germany and the Netherlands. Figures are 
sourced by [Cerv2014].  

It should be emphasized that cost-benefit analyses performed in different countries are not 
directly comparable because of differences in: targeted sectors (electricity, gas); smart 
metering systems architectures (single purpose vs. multi-utilities, single customer vs. 
neighborhood data level concentrators); smart meters features (data collection, remote 
generation control); project size (share of smart meters on total customers). 
 



  

SmartH2O – Technology watch Page 26 D8.2 Version 1.1 

   Table 5: Cost-benefit analysis in selected European countries (source [Cerv2014]). 

Cost-benefit Assessment of Smart Metering Systems Deployment in some EU countries 

 Great Britain France Germany The 
Netherlands 

Sector Electricity&Gas Electricity Gas Electricity Electricity&Gas 

Deployment 2014-2019 2013-
2018 

2011-
2022 

2012-
2022 

2014-2020 

#Meters(Mln) 49 35 11 38.5 14.6 

Overall costs 
(€ Bln) 

14.4 3.8 1.2 20.8 2.8 

- Rollout 
investment costs 

8.3 3.8 1.0 8.5 - 

- Operating 
costs 

6.2 - 0.2 12.3 - 

Investment 
cost/meter 

€ 168.5 € 108.6 € 94.8 € 220.8 € 192.1 

Expected 
benefits (€ Bln) 

22.3 3.9 1.28 20.7 3.6 

- Lower 
customer care 
cost 

13.2 3.9 0.5  2.1 

- Energy 
conservation 

7.7  0.2  1.5 

- Others 1.4  0.58   

Net Present 
Value (€ Bln) 

7.9 0.1 0.07 -0.1 0.8 

 
Anyway, cost-benefit analyses carried out in different countries provide different conclusions 
and results seem to be very sensitive to potential energy savings. This is crucial when results 
of cost-benefit analyses carried out in electricity and gas sectors have to be generalized with 
respect to the water sector. Despite the room for water savings is considerable, the resource 
cost in the water sector is far more difficult to assess. 
 

4.2.3 Challenges for the organization of smart metering activities 
The organization of smart metering business must be assessed for the two groups of 
metering-related activities separately, both from economic and legal perspectives. The 
economic assessment must focus on the relative merits of competition as compared to 
monopoly. The legal assessment must analyze how and to what extent general EU law and 
sector-specific regulation (energy, water, electronic communications) can have an impact on 
both the smart metering business regulation in the Member States and the behavior of 
market actors.     
From an economic point of view, the relevant dimensions are: the need for standardization, 



  

SmartH2O – Technology watch Page 27 D8.2 Version 1.1 

service and transaction costs and expected competitive dynamics. On the one hand, meter 
availability and data management services share the reliance on standardization both for 
design and technology solutions. On the other hand, cost structures are very different for the 
two kind of services. Meter availability services are characterized by relevant sunk costs, 
unlike data management services, which exhibit a cost structure similar to any other 
information technology service. In case of energy and/or water supplier’s switch, transaction 
costs are expected to arise for both groups of services because of transactions and 
information exchanges, when different energy and water suppliers procure smart metering 
services from different meter companies.                
To sum up, the economic assessment seems to suggest distinct forms of expected market 
organization for the two groups of activities. Meter availability services can be organized as a 
regulated monopoly because of the relevant sunk costs and the limited scope for benefits 
coming from competition. Data management services, instead, are suitable for competition 
for the market, i.e. a periodic selection of the provider through some form of competitive 
process. 
 

4.2.4 Regulatory challenges: Mandatory roll-out and legal monopoly granting 
From a legal point of view, the two issues on the table are: mandatory roll-out and legal 
monopoly granting. Mandatory roll-out implies that one or more operators are obliged to 
install metering infrastructures for all customers in a given territory. This may be rational to 
reach the critical mass and to address network externalities.  
The legal monopoly granting both on meter availability and data management services may 
be introduced in the Member States pursuant to Article 106(1) of the TFEU (Treaty on the 
Functioning of the European Union), as long as it is shown to be necessary for the fulfillment 
of a Service of General Economic Interest. Of course, the legal monopoly would be less 
exposed to attacks if bounded in some way. For instance, it would be more acceptable on 
meter availability than on data management services; it would be more justifiable if combined 
with mandatory roll-out; it should be of limited duration and awarded via a competitive 
process which creates competition for the market; it should be awarded to a third-party 
operator without any other role in the sector. 
The legal monopoly granting will entail some forms of regulation to be put in place. In this 
case, aside from tariffs and quality, the most relevant issue to be regulated is the third-party 
access. Such regulation should include mainly obligations of transparency and non-
discrimination. 
As far as the legal framework is concerned, privacy and data protection law deserve a 
separate discussion, which will be provided in the next section. 
      

4.2.5 Regulatory challenges: privacy and data protection  
When we talk about privacy and data protection in the EU, the two pillars to be taken into 
account are the Data Protection Directive (Directive 95/46) and the e-Privacy Directive 
(Directive 2002/58). However, on the one hand, the first one will supposedly be replaced by a 
forthcoming comprehensive regulatory framework, directly applicable in all Member States 
(see Commission Communication “Safeguarding Privacy in a Connected World – A European 
Data Protection Framework for the 21st Century”). On the other hand, the e-Privacy Directive 
is specific to electronic communications and it is accordingly not always relevant for the smart 
metering systems (smart metering systems do not constitute fully electronic communications 
services, but only the data transfer from meters to the head-end does so). 
At EU level, privacy and data protection issues have been ubiquitous in the policy 
discussions on the introduction of smart metering systems, within a more comprehensive 
discussion on the new smart grid paradigm. Within the Smart Grids Task Force created in 
2009, one expert group was specifically established to produce “Regulatory 
Recommendations for Privacy, Data Protection and cyber-security in the Smart Grid 
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Environment”. 
Privacy and data protection legislation is applicable when data constitutes personal data. 
Article 2 of the Data Protection Directive defines personal data as “any information relating to 
an identified or identifiable natural person”. Therefore, what makes data personal is not so 
much the possibility to get insight into the life of private persons, but rather their direct link to 
a well-defined person. According to this definition, data collected and processed through 
smart metering systems are personal data when linked to an individual identifier. 
When personal data have to be dealt with, two kinds of entities should be identified: the data 
controllers and the data processors. A data controller is a natural or legal person, public 
authority or agency which determines the purposes and means of the processing of personal 
data (Article 2(d) of the Data Protection Directive). Factually, the data controller ensures that 
data protection legislation is met and protects the rights of users whose data have been 
collected, i.e. data subjects. The data processors are the entities which use personal data in 
their operations pursuant to a list of legitimate grounds, such as consent, contractual 
obligations, performance of public tasks, legal obligations and the legitimate interests of the 
data controller. The Working Party of Data Protection authorities set up under Article 29 of 
the Data Protection Directive (WP29) has suggested that the entity in charge of installing and 
operating smart metering systems should be the data controller in any event. Even National 
Regulatory Authorities (NRAs) may be identified as data controllers if they use personal data 
for policy and research purposes.   
The need to consider privacy and data protection issues has encouraged policy makers in the 
EU to recommend that Member States pay great attention to information security in the smart 
metering systems since the very early stages of their deployment.  
Firstly, the European Commission has recommended that a Data Protection Impact 
Assessment (DPIA) should be carried out prior to the roll-out of smart metering systems. A 
DPIA assesses the risks that may arise from the breach of privacy and data protection laws. 
Actually, the Data Protection Directive does not make DPIAs compulsory, but it is to be 
applied voluntarily by relevant actors in the markets.  
Secondly, considering that smart metering systems are being conceived and deployed once 
privacy and data protection is already well established, the WP29 has pushed for the Member 
States following Data Protection by Design (DPbD), an integrated approach whereby 
information security features should be included into the smart metering systems before they 
are rolled-out. DPbD seeks to embed data protection at every level of the smart metering 
system development, from conception to deployment.   
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5. Gamification and serious games applications 
In this Section, we overview the recently emerged sectors of gamification of business 
applications and of digital games applied to non-entertainment tasks from a technical and 
design point of view.  
These technologies and approaches exploit social and persuasive factors in order to promote 
the change of behaviour with respect to a target issue, and have been recently applied to 
behavioural change for sustainability. 
The Deliverable D8.1 already introduced they key elements of Gamification, "the use of game 
mechanics and experience design to digitally engage and motivate people to achieve their 
goals" [Gart2014] and its market trends and segmentation; Games with a Purpose and 
serious games were also analysed. The document concluded the section by describing case 
studies related to the public administration and utility sectors. In the following an overview of 
the current status of both Gamification and Serious games is detailed, along with insights on 
the challenges and possible commercial use from scientific and industrial points of view. 

5.1 Current status 

5.1.1 Serious Games 
Environmental education for sustainable development, one of the goals of the SmartH2O 
project, is a relevant area in which serious games have been applied. Fostering education 
towards sustainability is “critical for promoting sustainable development and improving the 
capacity of people to address environment and development issues” [UNES1992]. Moreover, 
some Digital Learning Games (DLGs) produced in the academic field have been launched 
commercially and achieved some popularity, such as Super Energy Apocalypse [Douc2010] 
and Math Blaster1. 
In the sustainability field, the DLGs are a promising tool, as they can provide content learning 
on an actual and growing topic. In order to provide insights on the technologies used to 
develop and distribute them, we carried out a research for the terms ”serious”, ”games”, and 
”sustainability”, in the portals IEEE Xplore and ACM, between 2010 and 2014.  
We found six DLGs proposed for environment protection and sustainability: Alberto’s 
Gravimente Toys [Ferr2010], Super Energy Apocalypse [Douc2010], Heroes of Koskenniska 
[Lain2010], Irrigania [Pier2013], Futura [Antl2011] and LifeTree [WaiS2013].  
Table 6 shows the results of a comparative analysis performed on them. 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                        
1 http://www.mathblaster.com/ 
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Table 6: Summary of DLGs for sustainability features. Games analyzed: Alberto’s 
Gravimente Toys [Ferr2010], Super Energy Apocalypse [Douc2010], Heroes of 
Koskenniska [Lain2010], Irrigania [Pier2013], Futura [Antl2011] and LifeTree 

[WaiS2013]. 

 
 
From Table 6 we can observe the principal dimensions that characterize the development of 
serious games in the sustainability sector:  

- Technology: The technologies used to develop the DLGs were very diverse, since 
the games were developed for different platforms. Interestingly enough, all the 
authors decided to rely on ad-hoc solutions instead of developing their games on 
consolidated game engines; the analyzed examples do not permit to identify a clear 
tendency in the technology employed for serious games in the sustainability sector. 

- Assessment: Although only one game is just a prototype and some of them have 
been played by a large audience - Super Energy Apocalypse by November of 2009 
had 3 million plays [Douc2010] - none of the analyzed DLGs were evaluated formally 
with an established methodology to assess their playability, impact on users’ 
behavior, and pedagogical value. The use of control groups was not declared and 
also the number of testers was limited. This situation underlines that although 
qualitative studies help to extend the understanding of the nature of engagement in 
games, studies on games for learning are lagging behind on the use of randomized 
control group tests, which could provide a rigorous evidence of the impact of gaming 
on sustainability behavior. 

- Target Audiences: The DLGs were designed with a wide range of target audiences 
in mind. Some of them have specific age restrictions, like primary school children on 
Jose Alberto Gravimente’s Toys, or engineering college students on Irrigania. On the 
other hand, others had few restrictions on age, like students in general in Futura and 
7 years old or plus on LifeTree. Super Energy Apocalypse and Heroes of 
Koskenniska had no age restriction at all. 

- Platforms: In an attempt to achieve a wide range of audiences, the authors used 
also diverse platforms to deploy the games. The games designed for audiences that 
include children (Alberto’s Gravimente Toys, Futura, LifeTree and Heroes of 
Koskenniska) seem to invest on platforms more attractive to this audience, like 
mobile or innovative interfaces. Irrigania, which has an older audience, is web based. 
Also Super Energy Apocalypse, that does not make statements about its target 
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audience, is web based too. The tendency seems to be investing on more simple 
(mobile) or attractive platform for younger audiences and more established and 
accessible platforms (Web) for older audiences. 

 
With respect to exploitation factors that may drive the development of novel serious games 
for sustainability, we focus primarily on the Technology and Platform dimensions.  
 
The most relevant companies in the field are described, along with insights on the technology 
they have used and the reasons behind it, in order to support a principled decision of the 
choice of specific engines to be used in the SmartH2O project and, more in general, for 
serious games for sustainability. 
 

Virtual Heroes2 

Virtual Heroes is one of the most successful serious games developer company in the 
world. Virtual Heroes' initial projects focused on creating new technology and content for the 
official, high-profile U.S. Army game America's Army, leading to the concept of the America’s 
Army Platform now being used for a number of DOD computer based learning applications3. 
More recently, the company has expanded its Serious Games projects to include space 
exploration, Medical training and DVHT, "Dynamic Virtual Human Technology". This 
expansion reflects the Company's greater emphasis on its HumanSim product, a human 
physiology engine meant to emulate actual medical physics and response to medications. 
Powering the technologies of these serious games is Epic Games’ Unreal Engine 34, which 
Virtual Heroes has been using since 2004 and the company is planning to switch to the 
newest version of the engine, Unreal Engine 4, by the end of 2015. The ARA-Virtual 
Heroes’ Go platform is a browser-based single/multi-player immersive training and 
education platform based on the Epic’ Unreal Engine and relies on a back-end server 
infrastructure. Content released on the Go platform is accessed via a web server that 
provides pages containing content plugins as well as an interface to access specific training 
applications, when authorized. A sample plugin is available to allow visitors to meet and 
converse in a 3D lounge/showcase environment and provides a way for users to allow users 
to navigate to other training environments.   
The ARA Unreal Engine 3 Web Player is a PC browser plug-in that, for the first time ever, 
allows content created with the Unreal Engine 3 (UE3) to be streamed to and run within a 
web browser, supporting single and multiplayer gameplay. It was initially developed for the 
Air Force, to serve as a foundation for delivering realistic 3D simulations and training courses 
to AF service members with the strength of full Unreal Engine content and the simplicity of a 
one-time browser plug-in install. The Web Player allows users to access immersive, real-
time, 3D content at any time, from anywhere in the world, and supports a wide range of PC 
browsers, including Internet Explorer, Chrome, and Firefox. 

BreakAway Ltd.5 

BreakAway Ltd. is a leading developer of entertainment games and game-based technology 
products. The company creates entertainment experiences that enable people to master 
skills and concepts in virtual worlds, and transfer this expertise to develop tools that provide 
game-based solutions for real world problems. Their leading tool for the development of 
serious games is Mōsbē, an engine that offers a powerful suite of tools and models based on 
game technology to generate results rapidly and more affordably than through traditional 
simulation models and eases the customization of the solutions. Based on the expertise 
derived from BreakAway’s ten years of development experience in creating commercial 

                                                        
2 http://www.virtualheroes.com/ 
3 http://en.wikipedia.org/wiki/Virtual_Heroes,_Inc. - cite_note-VHabout-1 
4 https://www.unrealengine.com 
5 http://www.breakawaygames.com/about/overview/ 
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entertainment games and building military, first-responder, and medical simulations, Mōsbē 
provides the end user the freedom to build worlds, create scenarios, and assess new 
capabilities in a fully interactive 2D/4D environment, independent of contractor support; the 
scripting capabilities allows customization of the product in real time and the engine also 
offers the possibility to expose the functionalities of the games through a set of API to allow 
an easier integration of the platform. 

Unity Technologies6 

Unity Technologies is the company that develops Unity, a cross-platform game creation 
system that includes a game engine and integrated development environment (IDE). It is 
used to develop video games for web sites, desktop platforms, consoles, and mobile devices 
and it is mostly known for the focus on “fun and games.” But over the years the use of the 
platform has truly matured in the development of industry-defining game changers for serious 
games and virtual environments, from the military to education to medical and were recently 
reissued certifications by both the US Army and US Air Force. NASA’s Mars Rover, NASA 
Jet Propulsion and the National Oceanic and Atmospheric Administration (NOAA) all took 
advantage of Unity for a variety of projects. For example, NOAA leverages the power of Unity 
to create powerful data visualizations of their big data for science analysis, education and 
outreach. One of their products named TerraViz is a multi-platform interactive visualization 
tool that accepts information in formats like KML or data provided through web map services 
(WMS) and displays the results in a 3D environment. They can seamlessly display millions of 
points of information at game-level frame rates, as NOAA produces thousands of gigabytes 
of information every day. Serious games projects made with Unity also swept the majority of 
the category awards at the recent Serious Games Showcase and Challenge at the recent 
Interservice/Industry Training, Simulation and Education Conference (I/ITSEC). Four of the 
six category winners were made with Unity and approximately 40 percent of both the overall 
submissions and finalists for SGS&C were Unity projects. The judging included more than 
100 people from academia, government and industries around the globe for the official 
awards of the I/ITSEC conference that attracts 20,000 attendees each year. The top, award-
winning projects using Unity technology were: Government: Cross-Competency Cultural 
Trainer by JKO-J7, Student: Machineers by IT University of Copenhagen, Mobile: 
DragonBox+ by WeWantToKnow AS, People’s Choice: C-ID Combat Vehicle Detection & 
Identification by AEgis Technologies. Organizations including Booz Hamilton Allen, 
CliniSpace, Daden for BAE Systems, Designing Digitally Inc., E-Semble, Heartwood, Real 
Visual, Serious Games, Vienna University, VIZERRA, and more, have chosen and 
implemented incredible new experiences, simulations, and 3D content and serious games 
with Unity. 
Given the benefits derived from multi-platform deployment as native applications, the 
possibility to extend the platform with several plugins to adapt the engine to specific needs 
and the active support community, the choice for the development of the SmartH2O Serious 
Games applications, namely the Quiz and Single Player version of Drop!, has been the Unity 
game engine, which has been adopted also by commercial companies for creating mass-
scale gaming titles. 

5.1.2 Gamification 
Even though the importance of Gamification has grown considerably in the past years, 
applied research in Gamification Technology is still lacking. Research the terms ”gamification 
platform” in the portals IEEE Xplore and ACM, between 2010 and 2015 yielded only to 24 
results, of which just two papers, namely [Herz12] and [Herz13], describe approaches useful 
for describing generic gamification platforms, while the other articles are describing 
proprietary ad-hoc solutions. 
Gamification techniques have been applied in several scenarios related to Environmental 
sustainability. Nissan, a famous car manufacturer, has produced a well know example of 

                                                        
6 www.unity3d.com/sim 
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gamification in their Leaf line of electric vehicles. The 'Eco Mode' software keeps track of a 
number of variables (which are explained below) including speed and power usage and then 
provides constant feedback so drivers can improve upon efficiency. This feedback is provided 
by a display behind the steering wheel, which shows you your achievements through symbols 
which resemble needle trees. The car even provides online profiles so people can compete 
with other drivers, but there's no real benefit in collecting these trees other than saving 
battery charge. Recently, the Moldovan Environmental Governance Academy (MEGA7) 
created an online gamified platform to connect young people from both traditional and 
unprivileged schools in developing countries, with the design and mechanics of a Massively 
Multiplayer Online Game. The platform offers interactive trainings on achieving social and 
environmental goals, a virtual space for networking, collaboration and peer-to-peer learning, 
tools for monitoring players’ performance, measuring and displaying their impact.  
Companies such OPower8 utilize gamification to encourage people to use less energy. 
OPower works with utility companies to provide households with data on how much energy 
they are consuming, how they match up with neighbors, and if they are close to any new 
milestones. Compellingly, people are consuming on average 2% less energy, which in 2012 
led to over 1 Terawatt of energy savings in the world. This equates to $120,000,000 in utility 
bill savings, and decreased pollutions equivalent of keeping 100,000 cars off the road. 
Several are the gamification services and platforms provided by commercial companies 
(identified as [PROP]) and open source providers (identified as [OS]). They aim to meet the 
increasing needs of gamifying non-game applications; in the following the most prominent 
ones are described, along with their main features. 

Badgeville9 [PROP] 

Badgeville brands itself to be the world’s leading Social Loyalty Platform. Its products include 
“Dynamic Game Engine”, providing an easy and flexible way to setup behaviors, rewards, 
missions; “Gamification Widget Studio”, offering a collection of skinnable and configurable 
game mechanics widgets; and “Social Fabric”, integrating social graph, social notification, 
relevant activity streams for better social engagement. 

Bunchball10 [PROP] 

Bunchball’s Nitro Platform provides a comprehensive set of game mechanics, besides the 
normal points and badges levels, it provides Actions, Groups, Virtual Goods, Social networks, 
Trivia, Poker, Comments etc. It is a fully integrated platform for engineers, designers, and 
marketers. Another product that Bunchball introduced is the Nitro Elements, which is a suite 
of cloud-based, simple plug and play applications, which is aimed for quick implementation of 
gamification. The current elements includes “FanBox” (a reward system) and “GameBox” 
(hosted poker game). 

BigDoor11 [PROP] 

BigDoor also provides a platform with flexible API and customizable widgets to add game 
mechanics to web sites, to reward users with points, badges, achievements and leader 
boards. The javascript based “MiniBar” widget is a quick way to add game layer to the web 
site. 
Webratio Community [PROP] 
Webratio Community is a Gamified community for Enterprise Business scenarios that fosters 
users contribution and participation through game mechanics able to reward meaningful 
actions performed in the platform through credits, points, achievement and badges. Monthly 
and General leaderboards provide incentives to the players to perform at the best of their 

                                                        
7 http://www.changemakers.com/project/mega-moldovan-environmental-governance-academy 
8 http://www.opower.com/ 
9 http://badgeville.com/ 
10 http://www.bunchball.com/ 
11 http://bigdoor.com/ 
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possibility in order to claim virtual or physical goods. The application allows full customization 
of the community and the mechanics with a Model Driven development approach.  

Mozilla’s Open Badges 12[OS] 

Offered by Mozilla, the Open Badges project makes it easy for anyone to issue, earn, and 
display gameplay badges through a shared infrastructure that’s free and open to everyone. 
Badges are portable — that is, those who earn badges can display them on, say, their 
personal resume, Web site, social networking profile, or on employment sites. 

CloudCaptive’s User Infuser 13[OS] 

From the makers of AppScale, UserInfuser, a scalable, open-source gamification platform, 
provides customizable gamification elements for badging, points, live notifications, and 
leaderboards. The platform, which is scalable, also includes analytics for tracking user 
participation. The result: increased user interaction. 

NGA’s Gamification Server 14[OS] 

The NGA’s Gamification-server provides a framework for providing awards/points to users or 
teams and can be operated either standalone or integrated with other web-based 
applications. Based on the notion of badges used within other gamification systems, 
gamification-server also provides a customizable web interface for displaying badges as well 
as a configurable rules engine to translate actions performed by users into awards. User 
awards can be exported into an Open Badges Backpack, allowing users to present expertise 
gained within other social frameworks or applications. The gamification-server is 
implemented as a django python web service and associated web application. 
In SmartH2O we have decided to exploit Webratio Community as our platform of choice, 
given the fact that it was developed internally at Politecnico’s Research group for a previous 
project and provides commercial grade gamification features along with full customization of 
all the components. 

5.2 Scientific and industrial challenges and exploitation 
potential 

5.2.1 Serious Games 
Serious games are a growing market as well as an interesting area for inter and 
multidisciplinary academic research. While the majority of the games labelled serious are 
used in educational settings of various kinds, serious games may have purposes other than 
learning and education. Modern life is characterized by daily interactions with complex 
systems that affect almost every aspect of our lives, from economy to environmental 
problems; even if they could gain benefits and revenues out of it, companies struggle at 
understanding the vast amounts of potentially meaningful data these systems produce. In 
Games with a Purpose (GWAP) the players' actions in the game contribute to a real-world 
purpose outside of the game like sorting and understanding real data, analysing the possible 
outcomes and testing potential solutions. Persuasive games can monitor players’ interactions 
among themselves and the environment in order to change their behaviour toward specific 
objectives to be reached. 

1. An open issue, relevant both in scientific and industrial domain is related to the 
necessity of finding suitable techniques to evaluate Serious Games applications and 
be able to compare them among each other. While validation techniques are being 
consolidated for Serious Games involving computational tasks resolution, as 
described in [Gall2014], the topic is still an open problem for what concerns learning 

                                                        
12 http://openbadges.org/ 
13 https://code.google.com/p/userinfuser/ 
14 https://github.com/ngageoint/gamification-server 
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based games; effective research should take into account the content-dependency of 
its results (e.g. relating to educational settings or target groups). To achieve this, 
effective and unobtrusive assessment methods for digital game-based learning need 
to be developed and evaluated to monitor not only the learning outcomes, but also 
the learning process [Bent2009][Shut2009]. Here, it is important that not only the final 
outcomes are assessed, but also that the learning and training process itself is 
monitored continuously without impairing the playing/learning experiences (e.g. via 
psycho physiological measurements or automated logs/recordings of player 
behaviour). This is especially beneficial as it can inform new ways to make learning 
games more adaptive so that they can always offer help or additional information 
when the players need it (e.g. when they get stuck at a certain point of a game). For 
this reason, objective and quantitative evaluation of Serious Games could greatly 
improve their adoption and the possibility to improve the design and the achieved 
results. 

2. As it has been described before, Serious Games are often developed with proprietary 
game engines tailored over the specific needs of the problem they are trying to solve. 
Given the increased interest towards this particular genre of games, designing and 
implementing tools and frameworks able to deal with the most common data 
collection and refinement tasks, along with ready to use pluggable game elements 
typically used in this genre of games could have a meaningful economic impact both 
in terms of tools licencing and development costs savings. The extensions created 
for the Unity Game Engine during the SmartH2O project will fill the gap of tools for 
the development of Serious Games for Environmental Sustainability, in particular in 
the Water sector.  

3. Another emerging research challenge regards the adoption of the forthcoming virtual 
reality wearable devices, expected to hit the mass market from 2015, as a novel 
device for even more engaging serious game experiences. Devices such as Oculus 
Rift15, Microsoft HoloLens16, Samsung Gear17, and the announced Magic Leap 
technology acquired by Google promise to bring Virtual Reality/Augmented Reality 
applications to the mass market, offering an enormous potential to serious game 
developers, thanks to the possibility of overlaying real and virtual elements in the 
same experience, a feature that could be extremely valuable, e.g., for augmenting 
the real experience of water consumers with in-context, activity-dependent 
sustainability tips delivered on the wearable device when necessary and most useful. 

5.2.2 Gamification 
Gamified applications have gained a considerable market share in the past years but this 
trend has not brought the same growth in technology and academic research. Most of the 
platforms that are used in real world scenarios derive from commercial and closed solution in 
which data, the most valuable resource gathered through a gamified approach, is often kept 
on the premises of the company offering the services. Since these platforms need to tailor 
most of the applications of their customer, customization is often limited or not present. 
Surprisingly, reports on the effectiveness of these platform is often overlooked, with no 
statistical relevant analysis of the improvements claims.   
The potential benefits of using gamified systems and games for research are manifold: their 
engaging nature can increase participation; as computational environments, they allow 
automatic fine-grained tracking and manipulation; they can generate large-scale data sets; 
and deployed on personal tracking devices, smart phones, or through the browser at home, 
they can collect ecologically valid behaviour data. As it has been described, exploitation 
potential for gamified application is high, even though it has reached the “Trough of 
Disillusionment”, as stated in a recent Gartner’s report shown in Figure 12 Gartner's Hype 

                                                        
15 https://www.oculus.com/ 
16 http://www.microsoft.com/microsoft-hololens/en-us 
17 http://www.samsung.com/global/microsite/gearvr/gearvr_features.html 
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Cycle, but the possibility to achieve meaningful results in research is even higher. 

 

Figure 12 Gartner's Hype Cycle 

1. Many empirical studies involving gamified systems show significant methodological 
shortcomings since there are no established best practices so far. Collecting the 
approaches, concepts, tools, and methods that are currently used in creating gameful 
experience and in particular analysing and describing the features and the 
architectural choices of existing commercial solution is a necessary step for 
improving the current technologies used in Gamification. 

2. Empirical, statistically relevant evidence on the effectiveness and efficiency of the 
currently employed gamification approaches is currently lacking. The reports on the 
results derived from the adoption of gamified applications usually do not take into 
consideration how their choices over the game mechanics introduced affect the 
obtained results. Providing objective and quantitative evaluation techniques would 
allow the definition of a thorough comparison strategy to choose the most efficient 
gamification platform for a specific purpose or improve existing designs. 

3. Understanding to what extent design elements of one design practice can be isolated 
and transplanted into another, along with the definition of gameful system design 
process and methods that could be borrowed from game design will lower the risks of 
introducing costly failures, while speeding up the development process of the 
platform. 

4. Most gamification approaches are developed ad-hoc, as standalone projects. This 
makes it difficult to “inject” gamification features into existing business applications, 
which are already deployed and in use. Studying methods and tools to “weave” 
gamification aspects seamlessly and with low effort to existing business applications 
would greatly reduce development times and costs and make this type of 
engagement solution more affordable to SMEs. 
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6. Discussion and Conclusions 
This deliverable has presented and critically analysed the current status, the scientific and 
industrial challenges, and the future directions for each technology area involved in the 
project. The results of this review identifies the gamification and serious games applications 
and the water customer modelling as the two main technology areas where the SmartH2O 
Project can potentially provide relevant contributions.  
On one side, the SmartH2O Project is expected to contribute in the gamification and serious 
games applications area through the gamified online water bill, the board game & 
customer loyalty relations, and the digital game assets identified in D8.1 – Early 
exploitation plan (see Sections 7.1-7.2-7.3) show the potential for representing relevant 
contributions with respect to the current status described in Section 5.2. In particular, the 
gamified water bill will introduce a better relationship with the customers, also providing 
customers with direct access to their water consumption data and raising customers’ 
individual and collective environmental awareness. The board game and the digital extension 
will convey the difference between virtuous and wasteful water actions and also promote the 
image of the water utilities, by customising the packaging based on the visual identity and 
brand guidelines of the company.  
On the other side, the SmartH2O Project is expected to contribute in the water customers’ 
modelling area through the development of the Dashboard for customer behaviour 
analysis and water demand planning (see Section 7.5 of D8.1 – Early Exploitation Plan), 
which aims at supporting water utilities in designing and testing alternative water demand 
management strategies. The dashboard will indeed provide the following tools: 
disaggregation algorithms for the identification of end use patterns, which produce key 
information for providing feedbacks to the users through the gamified online water bill and for 
the classification of user behaviours; monitoring customer behaviour and consumption data 
provided by smart meters and the gamified online water bill platform; agent-based user 
behavioural models, which allows predicting water demand at the household level while also 
considering social dynamic interactions among the water users. 
Future work of WP8 will rely on the results provided by this deliverable and D8.1 in order to 
construct an effective exploitation plan and substantiate the marketing strategy of the 
SmartH2O assets. 



  

SmartH2O – Technology watch Page 38 D8.2 Version 1.1 

7. References 
[Abed1997] Abed-Meraim, K., W. Qiu, and Y. Hua (1997), Blind system identification, 
Proceedings of the IEEE, 85(8), 1310–1322. 
[Altu2005] Altunkaynak, A., M. Ozger, and M. Cakmakci (2005), Water consumption 
prediction of is- tanbul city by using fuzzy logic approach, Water Resources Management, 
19(5), 641–654, doi:10.1007/s11269-005-7371-1. 
[Alvi2007] Alvisi, S., M. Franchini, and A. Marinelli (2007), A short-term, pattern-based model 
for water demand forecasting, Journal of Hydroinformatics, 9 (1), 39, 
doi:10.2166/hydro.2006.016. 
[Aly2004] Aly, A. H., and N. Wanakule (2004), Short-term forecasting for urban water 
consumption, Journal of water resources planning and management, 130 (5), 405–410. 
[Antl2011] Alissa N Antle, Joshua Tanenbaum, Allen Bevans, Katie Seaborn, and Sijie Wang. 
2011. Balancing act: enabling public engagement with sustainability issues through a multi-
touch tabletop collaborative game. In Human-Computer Interaction–INTERACT 2011. 
Springer, 194–211. 
[Aqua2011] Aquacraft Inc. (2011), Albuquerque single-family water use efficiency and retrofit 
study, Rep. Prepared for the Albuquerque Bernalillo County Water. 
[Arre2011] Arregui, F., E. Cabrera, and R. Cobacho (2006), Integrated water meter 
management, IWA Publishing London. 
[Ball2007] Balling, R. C., and P. Gober (2007), Climate Variability and Residential Water Use 
in the City of Phoenix, Arizona, Journal of Applied Meteorology and Climatology, 46(7), 
1130–1137, doi: 10.1175/JAM2518.1. 
[Ball2008] Balling, R. C., P. Gober, and N. Jones (2008), Sensitivity of residential water 
consumption to variations in climate: an intraurban analysis of Phoenix, Arizona, Water 
Resources Research, 44 (10). 
[Batr2014] Batra, N., J. Kelly, O. Parson, H. Dutta, W. Knottenbelt, A. Rogers, A. Singh, and 
M. Srivastava (2014), NILMTK: An open source toolkit for non-intrusive load monitoring, arXiv 
preprint arXiv:1404.3878. 
[Beal2014a] Beal, C., and R. Stewart (2014), Identifying Residential Water End Uses 
Underpinning Peak Day and Peak Hour Demand, Journal of Water Resources Planning and 
Management, 140 (7), doi:10.1061/(ASCE)WR.1943-5452.0000357. 
[Beal2011a] Beal, C., R. A. Stewart, T. Huang, and E. Rey (2011), South east queensland 
residential end use study, Journal of the Australian Water Association, 38 (1), 80–84. 
[Beal2011b] Beal, C., R. A. Stewart, A. Spinks, and K. Fielding (2011), Using smart meters to 
identify social and technological impacts on residential water consumption, Water Science 
and Technology- Water Supply, 11(5), 527–533, doi:10.2166/ws.2011.088. 
[Beal2013] Beal, C. D., R. A. Stewart, and K. Fielding (2013), A novel mixed method smart 
metering approach to reconciling differences between perceived and actual residential end 
use water consumption, Journal of Cleaner Production, 60, 116–128, 
doi:10.1016/j.jclepro.2011.09.007. 
[Beal2014] Beal, C. D., A. Makki, and R. A. Stewart (2014), What does rebounding water use 
look like? An examination of post-drought and post-flood water end-use demand in 
Queensland, Australia, Water Science and Technology-Water Supply, 14 (4), 561–568, 
doi:10.2166/ws.2014.008. 
[Benn2013] Bennett, C., R. A. Stewart, and C. D. Beal (2013), ANN-based residential water 
end-use demand forecasting model, Expert Systems with Applications, 40(4), 1014–1023. 
[Bent2009] Bente, G. and Breuer, J. (2009) Making the implicit explicit. Embedded 
measurement in serious games. In U. Ritterfeld, M. Cody & P. Vorderer (eds.) Serious 
Games: Mechanisms and Effects. Routledge. 
[Blok2010] Blokker, E., J. Vreeburg, and J. van Dijk (2010), Simulating residential water 



  

SmartH2O – Technology watch Page 39 D8.2 Version 1.1 

demand with a stochastic end-use model, Journal of Water Resources Planning and 
Management, 136(1), 19–26, doi:10.1061/(ASCE)WR.1943-5452.0000002. 
[Bona2002] Bonabeau, E. (2002), Agent–based modeling: Methods and techniques for 
simulating human systems, Proceedings of the National Academy of Sciences of the United 
States of America, 99(Suppl 3), 7280–7287.  
[Bori2013] Borisova, T., and P. Useche (2013), Exploring the effects of extension workshops 
on household water-use behavior, HortTechnology, 23(5), 668–676.  
[Bous2004] Bousquet, F., and C. Le Page (2004), Multi-agent simulations and ecosystem 
management: a review, Ecological Modelling, 176(3-4), 313–332.  
[Boyl2013] Boyle, T., D. Giurco, P. Mukheibir, A. Liu, C. Moy, S. White, and R. Stewart 
(2013), Intelligent metering for urban water: A review, Water, 5 (3), 1052–1081. 
[Broo2002] Brookshire, D. S., H. S. Burness, J. M. Chermak, and K. Krause (2002), Western 
urban water demand, Nat. Resources J., 42, 873.  
[Cahi2013] Cahill, R., J. Lund, B. DeOreo, and J. Medell ́ın-Azuara (2013), Household water 
use and conservation models using Monte Carlo techniques, Hydrology and Earth System 
Sciences Discussions, 10(4), 4869–4900. 
[Card2013a] Cardell-Oliver, R. (2013), Discovering water use activities for smart metering, in 
Intelligent Sensors, Sensor Networks and Information Processing, 2013 IEEE Eighth 
International Conference on, pp. 171–176, IEEE.  
[Card2013b] Cardell-Oliver, R. (2013), Water use signature patterns for analyzing household 
consumption using medium resolution meter data, Water Resources Research, 49 (12), 
8589–8599.  
[Card2013c] Cardell-Oliver, R., and G. Peach (2013), Making sense of smart metering data, 
Australian Water Association Water Journal, 4(40), 124–128.  
[Carr2013] Carrie Armel, K., A. Gupta, G. Shrimali, and A. Albert (2013), Is disaggregation 
the holy grail of energy efficiency? the case of electricity, Energy Policy, 52, 213–234. 
[Cerv2014] Cervigni, G., and Larouche, P. (2014), Regulating smart metering in Europe: 
Technological, Economic and Legal Challenges. Report of a CERRE project. Centre on 
Regulation in Europe, Brussels, Belgium. 
[Chu2009] Chu, J., C. Wang, J. Chen, and H. Wang (2009), Agent-based residential water 
use behavior simulation and policy implications: A case-study in Beijing city, Water resources 
management, 23(15), 3267–3295.  
[Cole2013] Cole, G., and R. A. Stewart (2013), Smart meter enabled disaggregation of urban 
peak water demand: precursor to effective urban water planning, Urban Water Journal, 10(3), 
174–194, doi:10.1080/1573062X.2012.716446.  
[Comi2015] Cominola, A., M. Giuliani, D. Piga, A. Castelletti, and A.E. Rizzoli (2015). Benefits 
and challenges of using smart meters for advancing residential water demand modeling and 
management: a review. Environmental Modeling & Software (submitted). 
[Dalh2003] Dalhuisen, J. M., R. J. Florax, H. L. de Groot, and P. Nijkamp (2003), Price and 
income elasticities of residential water demand: a meta-analysis, Land Economics, 79 (2), 
292–308. 
[DeOr1994] DeOreo, P. M., W.B. (1994), Project Report: A Process Approach for Measuring 
Residential Water Use and Assessing Conservation, Tech. rep. 
[DeOr1996] DeOreo, W., J. Heaney, and P. Mayer. (1996), Flow trace analysis to assess 
water use, AWWA, 88(1), 79–90. 
[DeOr2011] DeOreo, W., et al. (2011), California single-family water use efficiency study, 
Rep. Prepared for the California Dept. of Water Resources. 
[DeOr2000] DeOreo, W. B., and P. W. Mayer (2000), The end uses of hot water in single 
family homes from flow trace analysis, Seattle Public Utilities and US EPA, Seattle. 
[Douc2010] Lars Doucet and Vinod Srinivasan. 2010. Designing entertaining educational 
games using procedural rhetoric: a case study. In Proceedings of the 5th ACM SIGGRAPH 



  

SmartH2O – Technology watch Page 40 D8.2 Version 1.1 

Symposium on Video Games. ACM, 5–10. 
[Espe1997] Espey, M., J. Espey, and W. D. Shaw (1997), Price elasticity of residential 
demand for water: A meta-analysis, Water Resources Research, 33(6), 1369–1374. 
[Evan2004] Evans, R. P., J. D. Blotter, and A. G. Stephens (2004), Flow rate measurements 
using flow-induced pipe vibration, Journal of fluids engineering, 126(2), 280–285. 
[Ferr2010] Marta Ferraz, Teresa Romao, and Antonio Camara. 2010. The Alberto’s 
Gravimente Toys: children’s fiction on technological design. In Proceedings of the 7th 
International Conference on Advances in Computer Entertainment Technology. ACM, 7–10. 
[Fiel2013] Fielding, K. S., A. Spinks, S. Russell, R. McCrea, R. A. Stewart, and J. Gardner 
(2013), An experimental test of voluntary strategies to promote urban water demand 
management, Journal of environmental management, 114, 343–351. 
[Figu2014] Figueiredo, M., B. Ribeiro, and A. de Almeida (2014), Electrical signal source 
separation via nonnegative tensor factorization using on site measurements in a smart home, 
Instrumentation and Measurement, IEEE Transactions on, 63 (2), 364–373, 
doi:10.1109/TIM.2013.2278596. 
[Fox2009] Fox, C., B. McIntosh, and P. Jeffrey (2009), Classifying households for water 
demand fore- casting using physical property characteristics, Land Use Policy, 26(3), 558 – 
568, doi: http://dx.doi.org/10.1016/j.landusepol.2008.08.004. 
[Froe2011] Froehlich, J., E. Larson, E. Saba, T. Campbell, L. Atlas, J. Fogarty, and S. Patel 
(2011), A longitudinal study of pressure sensing to infer real-world water usage events in the 
home, in Pervasive Computing, pp. 50–69, Springer. 
[Froe2009] Froehlich, J. E., E. Larson, T. Campbell, C. Haggerty, J. Fogarty, and S. N. Patel 
(2009), Hydrosense: Infrastructure-mediated single-point sensing of whole-home water 
activity, in Proceedings of the 11th International Conference on Ubiquitous Computing, 
Ubicomp ’09, pp. 235–244, ACM, New York, NY, USA, doi:10.1145/1620545.1620581. 
[Fros2012] Frost & Sullivan (2012), 360 Degree Perspective of the Environmental Industry 
and Review of Major Trends by 2020. Mountain View, CA, USA. 
[Full2004] Fullerton, T. M., and A. Elias (2004), Short-term water consumption dynamics in El 
Paso, Texas, Water Resources Research, 40(8). 
[Gala2009] Galan, J., A. Lo ́pez-Paredes, and R. Del Olmo (2009), An agent-based model for 
domestic water management in Valladolid metropolitan area, Water Resources Research, 
45(5). 
[Gart2014] "Redefine Gamification to Understand Its Opportunities and Limitations", Gartner 
Report, April 2014   
[Gato2006] Gato, S. (2006), Forecasting urban residential water demand, Ph.D. thesis, 
School of Civil, Environmental and Chemical Engineering, RMIT University. 
[Gato2007] Gato, S., N. Jayasuriya, and P. Roberts (2007), Temperature and rainfall 
thresholds for base use urban water demand modelling, Journal of Hydrology, 337(3), 364 – 
376. 
[Gato2011] Gato-Trinidad, S., N. Jayasuriya, and P. Roberts (2011), Understanding urban 
residential end uses of water, Water Science & Technology, 64 (1). 
[Gilg2006] Gilg, A., and S. Barr (2006), Behavioural attitudes towards water saving? evidence 
from a study of environmental actions, Ecological Economics, 57 (3), 400–414. 
[Gonc2011] Goncalves, H., A. Ocneanu, M. Bergés, and R. Fan (2011), Unsupervised 
disaggregation of appliances using aggregated consumption data, in The 1st KDD Workshop 
on Data Mining Applications in Sustainability (SustKDD).  
[Graf2011] Grafton, R. Q., M. B. Ward, H. To, and T. Kompas (2011), Determinants of 
residential water consumption: Evidence and analysis from a 10-country household survey, 
Water Resources Research, 47(8), doi:10.1029/2010WR009685.  
[Grif1991] Griffin, R. C., and C. Chang (1991), Seasonality in community water demand, 
Western Journal of Agricultural Economics, 16(2), 207–217.  



  

SmartH2O – Technology watch Page 41 D8.2 Version 1.1 

[Guru2014] Gurung, T. R., R. A. Stewart, A. K. Sharma, and C. D. Beal (2014), Smart meters 
for enhanced water supply network modelling and infrastructure planning, Resources 
Conservation and Recycling, 90, 34–50, doi:10.1016/j.resconrec.2014.06.005.  
[Guru2015] Gurung, T. R., R. A. Stewart, C. D. Beal, and A. K. Sharma (2015), Smart meter 
enabled water end-use demand data: enhanced infrastructure planning of contemporary 
supply networks platform for the urban water supply networks, Journal of Cleaner Production, 
87, 642–654, doi:10.1016/j.jclepro.2014.09.054. 
[Hein2007] Heinrich, M. (2007), Water End Use and Efficiency Project (WEEP) – Final 
Report, BRANZ Study Report 159. 
[Herz2012] Herzig, P.; Ameling, M.; Schill, A., "A Generic Platform for Enterprise 
Gamification," Software Architecture (WICSA) and European Conference on Software 
Architecture (ECSA), 2012 Joint Working IEEE/IFIP Conference on , vol., no., pp.219,223, 
20-24 Aug. 2012. 
[Herz2013] Herzig, P.; Jugel, K.; Momm, C.; Ameling, M.; Schill, A., "GaML - A Modeling 
Language for Gamification," Utility and Cloud Computing (UCC), 2013 IEEE/ACM 6th 
International Conference on , vol., no., pp.494,499, 9-12 Dec. 2013. 
[Homw1994] Homwongs, C., T. Sastri, and J. W. Foster III (1994), Adaptive forecasting of 
hourly municipal water consumption, Journal of water resources planning and management, 
120 (6), 888–905.  
[Hous2011] House-Peters, L. A., and H. Chang (2011), Urban water demand modeling: 
Review of concepts, methods, and organizing principles, Water Resources Research, 47(5).  
[Jorg2009] Jorgensen, B., M. Graymore, and K. O’Toole (2009), Household water use 
behavior: An integrated model, Journal of Environmental Management, 91(1), 227 – 236.  
[Kant2014] Kanta, L., and E. Zechman (2014), Complex Adaptive Systems Framework to 
Assess Supply-Side and Demand-Side Management for Urban Water Resources, Journal of 
Water Resources Planning and Management, 140(1), 75–85, doi:10.1061/(ASCE)WR.1943-
5452.0000301. 
[Kenn2008] Kenney, D. S., C. Goemans, R. Klein, J. Lowrey, and K. Reidy (2008), 
Residential Water Demand Management: Lessons from Aurora, Colorado, JAWRA Journal of 
the American Water Resources Association, 44(1), 192–207, doi:10.1111/j.1752-
1688.2007.00147.x. 
[Kim2008] Kim, Y., T. Schmid, Z. M. Charbiwala, J. Friedman, and M. B. Srivastava (2008), 
Nawms: nonintrusive autonomous water monitoring system, in Proceedings of the 6th ACM 
conference on Embedded network sensor systems, pp. 309–322, ACM. 
[Kowa2003] Kowalski, M., and D. Marshallsay (2003), A system for improved assessment of 
domestic water use components, International Water Association. 
[Kowa2005] Kowalski, M., and D. Marshallsay (2005), Using measured microcomponent data 
to model the impact of water conservation strategies on the diurnal consumption profile., 
Water Science & Technology: Water Supply, 5. 
[Lafu2014] Lafue, T (2014). Challenges faced by Water suppliers Smart Water Network 
solution for sustainable city. Presentation prepared for UBIFRANCE events in Istanbul. Veolia 
environmental group. 
[Lain2010] Teemu H Laine, Carolina Islas Sedano, Erkki Sutinen, and Mike Joy. 2010. Viable 
and portable architecture for pervasive learning spaces. In Proceedings of the 9th 
International Conference on Mobile and Ubiquitous Multimedia. ACM, 1. 
[Lee2011] Lee, M., B. Tansel, and M. Balbin (2011), Influence of residential water use 
efficiency measures on household water demand: A four year longitudinal study, Resources, 
Conservation and Recycling, 56(1), 1 – 6, 
doi:http://dx.doi.org/10.1016/j.resconrec.2011.08.006. 
[Lee2010] Lee, S.-J., and E. A. Wentz (2010), Effects of urban spatial structure, 
sociodemographics, and climate on residential water consumption in Hillsboro, Oregon, 
Journal of American Water Resources Association, 46(3), 461–472. 



  

SmartH2O – Technology watch Page 42 D8.2 Version 1.1 

[Ligt2010] Ligtenberg, A., R. J. A. van Lammeren, A. K. Bregt, and A. J. M. Beulens (2010), 
Validation of an agent-based model for spatial planning: A role-playing approach, Computers, 
Environment and Urban Systems, 34(5), 424–434, 
doi:10.1016/j.compenvurbsys.2010.04.005.  
[Loh2003] Loh, M., P. Coghlan, and W. Australia (2003), Domestic water use study: In Perth, 
Western Australia, 1998-2001, Water Corporation.  
[Lyma1992] Lyman, R. A. (1992), Peak and off-peak residential water demand, Water 
Resources Research, 28(9), 2159–2167.  
[Magg2015] Maggioni, E. (2015), Water demand management in times of drought: What 
matters for water conservation, Water Resources Research, doi:10.1002/2014WR016301. 
[Makk2013] Makki, A. A., R. A. Stewart, K. Panuwatwanich, and C. Beal (2013), Revealing 
the determinants of shower water end use consumption: enabling better targeted urban water 
conservation strategies, Journal of Cleaner Production, 60, 129–146, 
doi:10.1016/j.jclepro.2011.08.007.  
[Makk2015] Makki, A. A., R. A. Stewart, C. D. Beal, and K. Panuwatwanich (2015), Novel 
bottom-up urban water demand forecasting model: Revealing the determinants, drivers and 
predictors of residential indoor end-use consumption, Resources, Conservation and 
Recycling, 95, 15–37, doi:10.1016/j.resconrec.2014.11.009.  
[Mako2013] Makonin, S., F. Popowich, L. Bartram, B. Gill, and I. V. Bajic (2013), AMPds: A 
public dataset for load disaggregation and eco-feedback research, in 2013 IEEE Conference 
on Electrical Power & Energy Conference (EPEC), pp. 1–6, IEEE. 
[Mark2014] Markides, M. (2014), Water Meter Report – 2104,  
[Mato14] Matos, C., C. A. Teixeira, R. Bento, J. Varajao, and I. Bentes (2014), An exploratory 
study on the influence of socio-demographic characteristics on water end uses inside 
buildings, Science of The Total Environment, 466-467, 467–474, 
doi:10.1016/j.scitotenv.2013.07.036. 
[Maye1995] Mayer, P., and W. DeOreo (1995), Process approach for measuring residential 
water use and assessing conservation effectiveness, AWWA. 
[Maye2000] Mayer, P., W. Deoreo, and D. Lewis (2000), Seattle home water conservation 
study: The impacts of high efficiency plumbing fixture retrofits in single-family homes., Tech. 
rep., Seattle Public Utilities and USEPA, Boulder, Colorado. 
[Maye2003] Mayer, P., W. Deoreo, E. Towler, and D. Lewis (2003), Residential indoor water 
conservation study: Evaluation of high efficiency indoor plumbing fixture retrofits in single-
family homes in the east bay municipal utility district (edmud) service area, Tech. rep., The 
United States Environmental Protection Agency. 
[Maye2004] Mayer, P., W. DeOreo, E. Towler, L. Martien, and D. Lewis (2004), Tampa water 
department residential water conservation study: the impacts of high efficiency plumbing 
fixture retrofits in single-family homes, A Report Prepared for Tampa Water Department and 
the United States Environmental Protection Agency. 
[Maye1999] Mayer, P. W., and W. B. DeOreo (1999), Residential end uses of water, 
American Water Works Association. 
[Mead2009] Mead, N., and V. Aravinthan (2009), Investigation of household water 
consumption using smart metering system, Desalination and Water Treatment, 11(1-3), 115–
123, doi: 10.5004/dwt.2009.850. 
[Miao1990] Miaou, S.-P. (1990), A class of time series urban water demand models with 
nonlinear climatic effects, Water Resources Research, 26(2), 169–178. 
[Moli1996] Molino, B., G. Rasulo, and L. Taglialatela (1996), Forecast model of water 
consumption for Naples, Water resources management, 10(4), 321–332. 
[Mori2004] Mori, M., K. Tezuka, and H. Tezuki (2004), Ultrasonic flow meter, flow 
measurement method, and computer program, uS Patent App. 10/584,318. 
[Nass2011] Nasseri, M., A. Moeini, and M. Tabesh (2011), Forecasting monthly urban water 
demand using extended kalman filter and genetic programming, Expert Systems with 



  

SmartH2O – Technology watch Page 43 D8.2 Version 1.1 

Applications, 38(6), 7387–7395, doi:10.1016/j.eswa.2010.12.087. 
[Nguy2013b] Nguyen, K., R. Stewart, and H. Zhang (2013), An intelligent pattern recognition 
model to automate the categorisation of residential water end-use events, Environmental 
Modelling & Software, 47, 108–127, doi:10.1016/j.envsoft.2013.05.002. 
[Nguy2013a] Nguyen, K. A., H. Zhang, and R. A. Stewart (2013), Development of an 
intelligent model to categorise residential water end use events, Journal of Hydro-
environment Research, 7 (3), 182 – 201, doi:http://dx.doi.org/10.1016/j.jher.2013.02.004. 
[Nguy2014] Nguyen, K. A., R. A. Stewart, and H. Zhang (2014), An autonomous and 
intelligent expert system for residential water end-use classification, Expert Systems with 
Applications, 41(2), 342–356, doi:10.1016/j.eswa.2013.07.049. 
[Ofwa2008] Ofwat (2008). Ofwat’s future strategy for customer charges for water and 
sewerage services: consultation conclusions. Final report. Birmingham: Office of Water 
Services. 
[Olms2009] Olmstead, S. M., and R. N. Stavins (2009), Comparing price and nonprice 
approaches to urban water conservation, Water Resources Research, 45(4). 
[Olms2007] Olmstead, S. M., W. Michael Hanemann, and R. N. Stavins (2007), Water 
demand under alternative price structures, Journal of Environmental Economics and 
Management, 54 (2), 181–198. 
[Pars2014] Parson, O., S. Ghosh, M. Weal, and A. Rogers (2014), An unsupervised training 
method for non-intrusive appliance load monitoring, Artificial Intelligence, 217(0), 1 – 19, 
doi:http://dx.doi.org/10.1016/j.artint.2014.07.010. 
[Pierc2013] Tyler Pierce and Kaveh Madani. 2013. Online Gaming for Sustainable Common 
Pool Resource Management and Tragedy of the Commons Prevention. In Systems, Man, 
and Cybernetics (SMC), 2013 IEEE International Conference on. IEEE, 1765–1770. 
[Pike2011] Pike Research (2011), Smart Water Meters: Global Outlook for Utility AMI and 
AMR Deployments: Market Analysis, Case Studies, and Forecasts. Boulder, CO, USA.  
[Pole2010] Polebitski, A. S., and R. N. Palmer (2010), Seasonal residential water demand 
forecasting for census tracts, Journal of Water Resources Planning and Management, 136 
(1), 27–36. 
[Qi2011] Qi, C., and N.-B. Chang (2011), System dynamics modeling for municipal water 
demand estimation in an urban region under uncertain economic impacts, Journal of 
Environmental Management, 92(6), 1628–1641, doi:10.1016/j.jenvman.2011.01.020. 
[Reyn2012] Reynders, E. (2012), System identification methods for (operational) modal 
analysis: review and comparison, Archives of Computational Methods in Engineering, 19 (1), 
51–124. 
[Rixo2007] Rixon, A., M. Moglia, and S. Burn (2007), Exploring water conservation behaviour 
through participatory agent based modelling, Topics on Systems Analysis for Integrated 
Water Resource Management. 
[Robe2005] Roberts, P. (2005), Yarra Valley Water: 2004 residential end use measurement 
study, Tech. rep., Yarra Valley Water Melbourne, Melbourne, Australia. 
[Roma2014] Romano, G., N. Salvati, and A. Guerrini (2014), Estimating the determinants of 
residential water demand in Italy, Water, 6 (10), 2929–2945, doi:10.3390/w6102929. 
[Rose2010] Rosenberg, D. (2010), Residential water demand under alternative rate 
structures: Simulation approach, Journal of Water Resources Planning and Management, 
136(3), 395–402, doi: 10.1061/(ASCE)WR.1943-5452.0000046. 
[Rose2007] Rosenberg, D. E., T. Tarawneh, R. Abdel-Khaleq, and J. R. Lund (2007), 
Modeling integrated water user decisions in intermittent supply systems, Water Resources 
Research, 43 (7), W07,425, doi:10.1029/2006WR005340. 
[Russ2010] Russell, S., and K. Fielding (2010), Water demand management research: A 
psychological per- spective, Water Resources Research, 46(5), W05,302, 
doi:10.1029/2009WR008408. 
[Sand2002] Sanderson, M. L., and H. Yeung (2002), Guidelines for the use of ultrasonic non-



  

SmartH2O – Technology watch Page 44 D8.2 Version 1.1 

invasive meter- ing techniques, Flow Measurement and Instrumentation, 13(4), 125–142, 
doi:10.1016/S0955- 
5986(02)00043-2. 
[Schn1991] Schneider, M., and E. Whitlatch (1991), User-specific water demand elasticities, 
Journal of Water Resources Planning and Management, 117(1), 52–73, 
doi:10.1061/(ASCE)0733- 9496(1991)117:1(52). 
[SDU2011] SDU (2011), Urban water management plan 2010, Tech. rep., City of 
Sacramento, Sacramento, California. 
[SH2O2014] SmartH2O (2014), Early exploitation plan. Bringing SmartH20 to the market, 
Project FP7-ICT-619172, Deliverable D8.1 WP8. 
[Shoh2009] Shoham, Y., and K. Leyton-Brown (2009), Multiagent Systems: Algorithmic, 
Game-Theoretic, and Logical Foundations, Princeton University Press. 
[Shute2009] Shute, V. J., Ventura, M., Bauer, M. and Zapata-Rivera, D. (2009) Melding the 
Power of Serious Games and Embedded Assessment to Monitor and Foster Learning: Flow 
and Grow. In Ritterfeld, U., Cody, M. and Vorderer, P. (eds.) Serious Games: Mechanisms 
and Effects. New York/London: Routledge. 
[SJES2011] SJESD (2011), Urban water management plan, Tech. rep., City of San Jose, 
Sacramento, California. 
[Smar2012] Smart Water Grids to See Increasing Investment Over the Next Decade, 
Presentation to the World Water Tech Investment Summit, London 29th February 2012. 
[Stew2010] Stewart, R. A., R. Willis, D. Giurco, K. Panuwatwanich, and G. Capati (2010), 
Web-based knowledge management system: linking smart metering to the future of urban 
water planning, Australian Planner, 47(2), 66–74, doi:10.1080/07293681003767769. 
[Stew2013] Stewart, RA., Giurco, D., Beal, C.D. (2013). Age of intelligent metering and big 
data: Hydroinformatics challenges and opportunities. Journal of the International Association 
for Hydroenvironment Engineering and Research, 2, 107-110.  
[Suer2012] Suero, F., P. Mayer, and D. Rosenberg (2012), Estimating and verifying united 
states households’ potential to conserve water, Journal of Water Resources Planning and 
Management, 138(3), 299–306. 
[Syme2004] Syme, G. J., Q. Shao, M. Po, and E. Campbell (2004), Predicting and 
understanding home garden water use, Landscape and Urban Planning, 68(1), 121 – 128, 
doi:http://dx.doi.org/10.1016/j.landurbplan.2003.08.002.  
[UNES1992]. United Nations Conference on Environment and Development: Agenda 21. 
[Tale2014] Talebpour, M., O. Sahin, R. Siems, and R. Stewart (2014), Water and energy 
nexus of residential rain water tanks at an end use level: Case of australia, Energy and 
Buildings. 
[UKWR2014] UKWRIP (2014), Evidence Paper 1: A Fresh Vision. UK Water Research and 
Innovation Partnership, http://www.ukwrip.org/publications.  
[WaiS2013] Cheah WaiShiang, Tay Zhen Wei, Boon Hue Kee, and Fitri Suraya Mohamad. 
2013. Interactive Mobile Game for Learning about Sustainablity Education. In Informatics and 
Creative Multimedia (ICICM), 2013 International Conference on. IEEE, 168–173. 
[Went2007] Wentz, E. A., and P. Gober (2007), Determinants of small-area water 
consumption for the city of phoenix, arizona, Water Resources Management, 21(11), 1849–
1863.  
[Will2009b] Willis, R., R. A. Stewart, K. Panuwatwanich, B. Capati, and D. Giurco (2009), 
Gold coast domestic water end use study, Water, 36 (6), 79–85.  
[Will2009a] Willis, R. M., R. A. Stewart, and B. Capati (2009), Closing the loop on water 
planning: an integrated smart metering and web-based knowledge management system 
approach, in ICA2009, International Water Association.  
[Will2011] Willis, R. M., R. A. Stewart, K. Panuwatwanich, P. R. Williams, and A. L. 
Hollingsworth (2011), Quantifying the influence of environmental and water conservation 



  

SmartH2O – Technology watch Page 45 D8.2 Version 1.1 

attitudes on household end use water consumption, Journal of Environmental Management, 
92(8), 1996–2009, doi: 10.1016/j.jenvman.2011.03.023.  
[Will2013] Willis, R. M., R. A. Stewart, D. P. Giurco, M. R. Telebpour, and A. Mousavinejad 
(2013), End use water consumption in households: impact of socio-demographic factors and 
efficient devices, Journal of Cleaner Production, 60, 107 – 115, doi: 
http://dx.doi.org/10.1016/j.jclepro.2011.08.006, special Volume: Water, Women, Waste, 
Wisdom and Wealth. 
[Wool2009] Wooldridge, M. (2009), An Introduction to MultiAgent Systems, second ed., 
Wiley, NY.  
[Zeif2011] Zeifman, M., and K. Roth (2011), Nonintrusive appliance load monitoring: Review 
and outlook, IEEE Transactions on Consumer Electronics, 57 (1), 76–84.  
[Zhou2000] Zhou, S. L., T. A. McMahon, A. Walton, and J. Lewis (2000), Forecasting daily 
urban water demand: a case study of melbourne, Journal of Hydrology, 236(3), 153–164.  
[Zhou2002] Zhou, S. L., T. A. McMahon, A. Walton, and J. Lewis (2002), Forecasting 
operational demand for an urban water supply zone, Journal of Hydrology, 259(1-4), 189–
202, doi:10.1016/S0022-1694(01)00582-0. 
[Zoha2012] Zoha, A., A. Gluhak, M. A. Imran, and S. Rajasegarar (2012), Non-intrusive load 
monitoring approaches for disaggregated energy sensing: A survey, Sensors, 12 (12), 
16,838–16,866. 
  



  

SmartH2O – Technology watch Page 46 D8.2 Version 1.1 

 

APPENDIX A Cost-benefit analysis of data reading and 
transfer infrastructures by Thames Water 
In this appendix we report the outcomes of a study performed by Thames Water prior to the 
decision on the investment of 3 billion UK Pounds in the purchase and deployment of 8 
million smart meters over the period 2015-2030. A similar study has not yet been conducted 
by SES for the Swiss case study, but this is justified by the fact that the Swiss case study is a 
small trial (400 meters) where the initial focus is on technical feasibility. 

A.1 Cost benefit analysis of high level options 

In 2013 a cost benefit analysis was undertaken by Thames Water (TM) to identify the best 
metering solution to adopt. The analysis consisted of modelling the 3 metering technology 
options against 4 potential benefits and 6 different property types. Table 7 shows the 
scenario inputs for the analysis.  

Table 7: Business case scenarios. 
Meter Technology 
Options 

Potential Benefits  Property Scenarios 
 

‘Dumb’ metering 
 

Customer demand 
reduction (usage) 

Detached 

‘Automatic meter reading’ 
(AMR) 

Customer side leakage 
(CSL) reduction 

Semi Detached 

‘Advanced metering 
infrastructure’ (AMI) 

Mains rehabilitation 
reduction efficiency 

Terraced 

 Customer calls reduction Flats small block 

  Flats large block 

  Bulk 
 
The three metering technologies considered are: 
 

• Dumb Meter Reading – a conventional meter is installed with a register dial. Meter 
reading is undertaken by a meter reader gaining physical access to the meter and 
visually recording the meter reading into an electronic meter reading data capture 
devices.  

• Automatic Meter Reading (AMR) – a meter with a short range radio is installed at 
each property. The meter reader equipped with a meter reading device is required to 
walk-by the meter in order to take a meter reading but does not require physical 
access to the meter. This process can also be achieved in certain circumstances in a 
vehicle application – known as drive-by reading. The data is captured electronically. 
Additional data may be stored in the meter and collected, such as a small number of 
historic meter readings, minimum and maximum flows and alarms for tamper, low 
battery and potential leakage found.  

• Advanced Metering Infrastructure (AMI) – using a fixed network meter reading 
system (usually radio based), meters are read electronically and do not require a 
meter reader. Electronic readings are passed from the meter through to utility offices 
for billing and network management purposes. With these systems it is possible to 
collect more frequent data on consumption and alarm conditions which can be used 
to provide additional benefits. 
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The policy drivers made it likely that conventional dumb metering would not be adequate to 
fulfil TW’s requirements. The choice was more likely between AMR and AMI systems. The 
potential benefits of each system were compared to highlight differences between the two 
systems. The key distinguishing features between AMR and AMI systems are listed below in 
Table 8. 
 

Table 8: Distinguishing features between AMR and AMI. 

Component 
 

Distinguishing feature  AMR AMI 

Customer 
consumption 

1. Accurate meter readings with no estimated data 
 

2. No access required to property 
 

3. On demand meter readings 
 

4. Data suitable for rapid online display 

Y 
 

Y 
 

N 
 

N 

Y 
 

Y 
 

Y 
 

Y 

Customer side 
leakage 

1. Ability to identify that a property has a leak. 
 

2. Flow rate of the leak, (the lowest non-zero flow 
rate) 

 
3. Start, stop and duration of leak 

 
4. Rapid notification of leak onset 

Y 
 

Y 
 

N 
 

N 

Y 
 

Y 
 

Y 
 

Y 

Customer 
wastage 

1. Ability to distinguish between ‘wastage’ and 
‘leakage’ 

N ? 

Network 
leakage and 
water balance 

2. Data compatible with data used by DMA meters  
 

3. Near real time data 

N 
 

N 

Y 
 

Y 

 
The potential benefits considered for the analysis are: 

• Customer Demand Reduction (Usage) – this covers the reduction in use by the 
household found from being billed on a metered basis. The installation of a dumb 
meter will tend to reduce customer demand without further automation of meter 
reading. 

• Customer Side Leakage (CSL) Reduction - this covers the losses within the 
customer’s pipework. This is dependent on the type of meter reading technology 
allowing accurate targeting of the existing losses.  

• Mains Rehabilitation Targeting Efficiency – meters provide an understanding of 
the water balance within DMAs. This ensures accurate target where the leakage 
exists, either within our network or within the customer’s boundary. The benefit is the 
reduction in mains rehabilitation required to achieve the same leakage target.  

• Customer Calls Reduction – The three metering technologies offer different 
capabilities in providing accurate data to customers. Increased confidence in meter 
reading accuracy leads to a reduction in customer calls. This will occur with AMR and 
AMI, although it is expected dumb meters will lead to an increasing trend in calls. The 
benefit is the improved customer satisfaction and reduced complaints. 
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Finally, the property types considered were: Detached, Semi-detached, Terraced, Flats small 
block, Flats large block, Bulk metered. These property definitions are used within Thames 
Water and for which TW currently estimates a consumption value. ‘Bulk’ properties include 
properties that cannot have separate supplies.  
 

A.1.1 Usage Assumptions and Information from Fixed Network Trials 
Thames Water based its modelling assumptions on information gathered from a number of 
sources including a Fixed Network Trial (FNT), a Domestic Water Use Study (DWUS) and 
consumption estimates of consumers moving from unmeasured to measured tariffs. From 
these sources it was possible to demonstrate that AMI technology could identify leaks more 
quickly than AMR due to more frequent read intervals (daily versus 6 monthly) and to be 
better able to identify leakage because of the quality of data available, (hourly or 15 minute 
data).  Table 9 shows the expected percentage of customer side leakage that could be 
detected by different metering technologies. 

Table 9: % CSL detectable by different systems. 

 Dumb AMR AMI 

% of customer side leakage 
reduction detected 24% 56% 76% 

 
The reduction in usage per metering technology by property type is shown in Table 10. These 
values refer to a customer moving from an unmeasured tariff to a measured tariff. TW has 
estimated an overall reduction in domestic customer usage of 9.2% for a property fitted with a 
dumb meter, 10.7% for AMR and 13.2% for AMI metering technologies. 

Table 10: Reduction in usage by property and technology type. 
Property Type Thames Water 

Dumb AMR AMI 

Detached 10.9% 12.4% 14.9% 

Semi-Detached 14.8% 16.3% 18.8% 

Terraced 8.8% 10.3% 12.8% 

Flats – Small Block 9.1% 10.6% 13.1% 

Flats – Large Block 4.3% 5.8% 8.3% 

Unknown 11.1% 12.6% 15.1% 

All metered 9.2% 10.7% 13.2% 

A.1.2 Outputs from the Cost Benefit Model 
While AMI can be shown to reduce customer consumption in comparison to other meter 
technologies, this comes at a considerable additional cost. The cost benefit model used a net 
present value (NPV) method for identifying the best option. The variables included a 4.5% 
discount rate and a 60 year time frame. An example of the calculations carried out a property 
level show the varying return by property type. Figure 13 shows the output of the NPV 
estimate for AMI against different property types. Similar calculations were carried out for 
dumb and AMR technologies. 
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Figure 13: Cost effectiveness of AMI solution per property type. 
Thames Water’s cost benefit analysis selected advanced metering infrastructure (AMI) as the 
best metering technology solution. 
The comparative benefit of AMI largely accrued from its enhanced ability to detect leakage. 
Moderating customer demand further by means such as intelligent, targeted feedback to the 
customer would improve the benefit case for AMI further. This is the space in which the 
SmartH2O project operates.  
 

A.2 Technology Options for Metering 

A variety of meter reading technologies are available. These can be split into three 
categories: (i) excluded by the cost benefit analysis; (ii) excluded by TW meter location policy 
(iii) potentially suitable technologies. 

A.1.3 Excluded technologies based on the cost benefit analysis 
The cost benefit case effectively eliminated all metering technology choices other than AMI. 
The excluded technologies included a range of options widely used within the water industry 
in the UK. Table 11 shows the technologies excluded by the cost benefit analysis. 

Table 11: Metering technologies excluded by the CBA. 

Technology choice 
 

Description Notes 

Dumb metering 
 

Visual reading of meters 
only 

For several UK water 
companies this will remain 
the dominant metering 
technology for the medium 
term. 

Inductive ‘touch-pads’ 
 

Meter readings returned via 
an inductive ‘touch pad’ 
connected to the meter with 
a cable. The meter reading 
is returned by touching a 

Provides increases in meter 
reading productivity. Limited 
by requirement for cable 
connection between pad and 
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reader gun against the pad.  
 
Examples include Sensus 
Touch-Read system. 
 

meter. 
 
This technology is no-longer 
being deployed in the UK 
 

Automatic meter reading 
(AMR) Basic systems 

Systems that provide a 
meter reading and little or 
no other data. 

Early versions of AMR 
systems provided limited 
functionality although almost 
all systems will return a leak 
alert of some form. 
 

Automatic meter reading 
(AMR) Advanced systems 

AMR systems that provide 
multiple data fields for meter 
reading, leakage detection, 
and consumption patterns.  
 
Examples include the 
Homerider system in walk-
by mode 

Extensive metering data 
(historic consumption, flow 
profiles etc) can be returned 
depending on the systems, 
however this may reduce 
meter reading productivity.  
 
These systems are now 
widely deployed in the UK.  
 
At least one UK company 
(United Utilities) has a large 
scale successful drive-by 
implementation of AMR 

 
A.1.4 Excluded AMI Technologies Based on TW Metering Policy  
The cost benefit model identified AMI as the best solution for Thames Water, however not all 
AMI technologies are entirely based on RF communications. The AMI options below (Table 
12) are not considered viable due to Thames Water’s policy of externally locating water 
meters. These solutions rely on wired connections or cooperation with other utilities to collect 
data. 

Table 12: AMI solutions considered not viable for water. 
Name Description Notes 

 

Power Line 
Communications (PLC) 

The electricity meter uses the 
incoming mains power cable to 
transmit meter readings were 
they are decoded by local 
communications endpoint/  
 

Italy has completed a roll-out of 
PLC for electricity meters 
across the entire country.  

Asymmetric Digital 
Subscriber Line (ADSL) 

A conventional telephone line is 
used for data communications 
from the meter, currently used 
for internet provision 
 

No obvious usage in the UK for 
metering. 



  

SmartH2O – Technology watch Page 51 D8.2 Version 1.1 

Energy Home Area 
Network  
 

The electricity meter provides a 
transmission hub to which gas or 
(potentially) water meters 
connect via a low power radio 
solution (such as Zigbee) for 
onward transmission via PLC, 
mobile phone technologies or 
long-range radio. 
 
The UK has selected two 
companies using mobile phone 
based systems (Telefonica) and 
long-range dedicated RF 
(Arqiva) 

This is one of the proposed 
solutions for the energy sector 
in the UK. Gas and water 
meters are similar in that both 
systems are reliant on battery 
power transmitter connecting 
to the mains hub. 
 
This option remains an option 
for future deployments of AMI 
 

 

A.1.5 Viable AMI Solutions for Thames Water 
In 2013 TW placed a notice in the Official Journal of the European Union (OJEU) seeking an 
AMI solution. The pre-qualification questionnaire returned 16 potential providers. Some 
providers relied on technology provided on of the other suppliers so the list included some 
duplication in the technology returned. Nonetheless this procurement operation provides a 
realistic survey of the current options for AMI for water. All systems relied on radio spectrum 
(RF) technologies to transmit data from the meter to the utility, with the last stage data 
transfer being provided over the internet. The systems were chiefly distinguished by the 
range of the RF equipment involved and the number of repeaters or concentrators used 
within the system. Four viable technologies were identified: 

1. Mobile phone technology 
2. Low power radio  
3. Medium range radio 
4. Long range radio  

System 1: Mobile phone technology only. 

The meter uses the mobile phone network system as the only RF data transfer component.  

 

Figure 14: Mobile phone data transfer. 

• One to one relationship between meter and mobile phone system. 
• Range equivalent to mobile phone coverage.  
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Table 13: Mobile phone AMI advantages and disadvantages. 
 

Advantages Disadvantages 
 

Long range Battery life is relatively short, less than 10 
years. 

Massive investment in mobile phone 
infrastructure provides existing network 

Equipment is relatively large due to battery 
considerations 

Extensive use in water industry on larger 
customers for data logger purposes 

Cost per unit is high 
 

 
One company offered this option as the primary data mechanism and two others offered it as 
an option if coverage was not otherwise available. 

System 2: Low power radio systems. 

The meter uses a low power RF transmitter to send meter reading to a ‘repeater’ a short 
distance away. From the repeater the data is transferred over a longer range to a 
concentrator. Data transfer from the concentrator is via the mobile phone system or landlines. 

 

Figure 15: Lower power radio systems. 

• Systems typically use 868 Mhz or 434 Mhz with power outputs not exceeding 25 Mw. 
• Range from the meter to the repeater varies from 10s of meters to low hundreds. 
• Ratio of meters to repeater is typically 10 to 1.  
• Meters can also transmit direct to the concentrator. 
• Concentrators able to collect data from 1000’s of end points. 
• Concentrators are normally mains powered. 
• Range from repeater to concentrator typically be 1km – 5km. 

 

Table 14: Low power radio advantages and disadvantages. 
Advantages Disadvantages 

 

Systems generally allow transfer from walkby 
/ driveby to a fixed network system. 

Multiple components: repeaters and 
concentrators need to be maintained. 
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Systems have been specifically developed 
for water and contain suitable alarms within 
the equipment. 

Sites for repeaters and concentrators may 
not be available 

Millions of endpoints deployed in apartment 
metering. 

Successful deployment is not straightforward 
in urban environments due to short range of 
equipment involved. 

Battery life is relatively long depending on 
configuration. 15 years + is viable. 

 

 
4 of 16 systems in the TW procurement exercise could be considered to be of this type 
 

System 3: Medium range radio 

These systems discard the repeater and make use of multiple (battery powered) 
concentrators. From the concentrator, data is returned via the mobile phone system. 
 

 

Figure 16: Medium range radio data transfer. 

• Systems include 434 MHz and 169 MHz systems 
• Ranges 500m to 4km from meter to concentrator 
• 1 systems was one-way only 

Table 15: Long range radio advantages and disadvantages. 
Advantages Disadvantages 

 

Removes the need for intermediate 
repeaters which have no direct link to the 
mobile phone network. 

Battery powered concentrators still require 
lampposts or other street furniture 

Concentrators can handle hundreds of 
meters. 
 

Concentrators will need maintenance due to 
battery life less than 10 years and dependent 
on the number of meters and transmission 
requirements 

Concentrators have some data storage 
capacity, if the mobile phone network is 
temporarily unavailable. 
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2 of 16 systems identified by TW could be considered medium range systems. 
 

System 4: Long-range radio 

A long range radio system places the emphasis on a limited number of high quality 
concentrators and relatively powerful meter transmitters. Power outputs are at least 10 times 
higher than the low power radio systems. 

 

Figure 17: Longe-range radio data transfer. 

• Solutions include a 413 MHz 300 mw system (from meter to concentrator) 
• Other proposed systems operate at ~900 MHz, and 450 MHz with 500 mw outputs 
• Two way and one way systems are available. 
• One system made use of the dedicated frequencies used by the police, fire and 

ambulance serves. This system has an existing infrastructure equivalent to the 
mobile phone network. 
 

Table 16: Long-range radio (dedicated) advantages and disadvantages. 

Advantages Disadvantages 
 

Ranges can exceed 5km, concentrators can 
potentially receive data from 10s of 
thousands of meters. 

Reception black spots can still exist. 
 

Minimal number of concentrators reduces 
potential maintenance issues. 

Single concentrators tend to be very 
expensive making small deployments 
uneconomic. 

Concentrators unconstrained by battery life. Meters will be more expensive compared to 
competing systems. 

Widespread use in the US 
 

Limited number of systems are immediately 
UK ready. 

Meters may be able to communicate with 
multiple concentrators providing redundancy 
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Some proposed solutions were based on US technologies currently employing frequencies 
around 900 MHz, these would need further development to remain within UK spectrum and 
power output limits. 

A.3 Scientific and industrial challenges and exploitation 
potential  

Thames Water procurement process aimed to identify an AMI provider and did not require a 
specific technology, however the expectations of the AMI supplier reflected knowledge 
gained from previous trials. Between 2011 and 2013 TW conducted a Fixed Network Trial 
that provided experience of 2 different AMI solutions: a low power radio solution and a long-
range radio installation. (Medium range solutions were not evaluated.) The FNT consisted of 
more than 4000 AMI enabled meters providing daily data at a 15 minute resolution. The 
knowledge gained from the FNT helped to inform the procurement process. Key findings are: 
• Low power radio technologies are more difficult to deploy; principally because of the 

number of sites required for repeaters (typically lampposts) and concentrators. The need 
to access street furniture effectively gives local government a veto over the deployment 
of low power radio systems.  

• The availability of concentrator sites is limited or can be very expensive. 
• Achieving close to 100% data returns from AMI is difficult due to local radio dead-spots, 

even in areas that would be expected to be within the radio range. 
• The number of meters returning data varies due to changing conditions (weather, 

vehicles on pits and new construction etc) 
• Repeaters installed on lamp-posts require the use of a mobile platform. A single failure is 

therefore relatively expensive compared to the number of meters affected.   

Minimising these issues can be achieved by either deploying equipment with a very long 
range between the meter and the receiver or having shorter range equipment with multiple 
receivers. In simplistic terms the greater the range between the meter and the concentrator 
the fewer concentrators will be required. The required number of concentrators will decrease 
as a square root of the equipment range, (doubling the radio range, quadruples the area 
covered).  Based on experience in the FNT trials, data transmission range, between meter 
and concentrator is seen as a major factor in determining equipment suitability. Figure 9 on 
page 2 shows a simulation of concentrator coverage with equipment ranges of 100m, 200m 
and 400m. 
The procurement process did not specify any particular technology as a data service was 
stipulated. The supplier would take the risk providing the equipment and maintaining the 
system. The prices offered would reflect these factors. After consideration TW has selected a 
long range system (Sensus Flexnet in collaboration with Arqiva).  
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The deployment of an AMI system offers other opportunities for the water sector. Currently 
several business critical systems make use of RF technologies (principally mobile phone) to 
transmit data. The AMI infrastructure may provide a more cost effective alternative. The use 
of a two-way system in particular offers control functionality as opposed to just a monitoring 
function. 

Table 17: Future potential benefits of an AMI network. 

 
 

Equipment Notes 
 

Meters into supply, zonal 
metering and district 
metering applications 

These (large) meters measure flow from the water treatment 
works and within the network. Currently these meters are data 
logged using mobile phone technology. Data resolution varies 
from live to 15 minute. Some meters are bi-directional. 
There are few obstacles in moving from mobile phone data 
logging to its AMI equivalent. 

Pressure loggers Within the network the pressure is recorded. This information is 
used to minimise pressure (and therefore leakage) within the 
network. Pressure data is transferred using mobile phone data 
loggers. 

Noise loggers and noise 
correlators 

Noise loggers are used to identify leakage on the network. The 
amount of data requiring transferring ranges from minimal to 
megabits requiring dedicated landlines. Local noise correlators 
frequently make use of walkby data collection systems. Noise 
loggers are available to connect to some existing AMI systems. 

Level monitors and alarms Level monitors are used to check the flow of water or 
wastewater (sewage) in open or unpressurised systems. 
Equipment may need to be ATEX (gas safe) in some conditions 

SCADA (supervisory 
control and data 
acquisition) equipment 

Water treatment works, sewage treatment works and water and 
waste water networks make extensive use of SCADA systems. 
Examples include remote pumping and valve controls. An AMI 
network offers an alternative to control methods. 


