
6 July 2019 • Florida Water Resources Journal

R
ecent advancements in the utility industry
have made high-frequency water use data
more readily available as the use of auto-

matic meter reading (AMR), Advanced Metering
Infrastructure (AMI), and smart meters become
more prevalent. Since these terms have been used
referring to a broad range of applications, a defi-
nition is presented for each that defines their ca-
pabilities for use in the current research. 
S The AMR allows local storage of data, where a

human activity is necessary to download it. This
typically involves driving by and downloading
data with short-range wireless equipment. 

S The AMI allows this data transfer to occur with-
out human intervention, using telemetry sys-
tems, where the local data can be transmitted to
a centralized data storage system. 

S Smart meter systems go beyond the transmit-
tal of data and involve some level of analytics,
either at the local meter itself or at the central-
ized operational system.

Historically, most utilities read a customer’s
meter at monthly (or longer) intervals. Both AMR
and AMI are making it possible to have high-fre-
quency (one second to one day) meter reads for
every customer in the water system. The AMI is al-
lowing communication between the meters and
operational systems that can store and use these
high-frequency reads for decision support services.
This transition from monthly to high-frequency
water use data allows operating decisions to be
made with near real-time demand analysis; how-
ever, serious consideration needs to be given to the
value added by such data and systems. Analyses
need to be performed to determine the potential
savings of installing such systems prior to utilities
making major investments to upgrade telemetry

networks, decision support infrastructure, and
customer meters.

An untapped application of smart meters has
the potential to provide significant savings to cus-
tomers if pipe breaks in residential plumbing can
be detected and the customer notified prior to sig-
nificant damage occurring. Intended event ranges
must be defined so that rapid notification can
occur through “report by exception,” where the
flow data are monitored at the local device level
and reporting only takes place if there is an excep-
tion to the expected data within the ranges. For
this to be successful at the individual customer
level the event must be detected and notification
provided as quickly as possible.

Emerging Uses for 
Customer Smart Meters

As the use of AMR, AMI, and smart meters
has become more prevalent, multiple studies have
emerged documenting savings to utilities and cus-
tomers. The initial utility focus of these systems
was on reducing the staffing needed for meter
reading. For AMR systems, this would involve
driving by and downloading the data using short-
range radio communication, as opposed to man-
ually reading each meter; for AMI systems, this
would involve the data being automatically up-
loaded to a central database system used for billing.
The Kansas City (Mo.) Water Services Department
was able to eliminate 33 meter reading positions
and use daily AMI reading to reduce meter rereads
and leakage inspections by 90 percent, as well as
reduce meter shutoffs by instead monitoring and
billing vacant home use (Thiemann et al., 2011). In
addition, the customers could view their own
water use via a website, with future plans to allow

customers to receive automatic notifications of
high consumption via email or phone. Daigle and
Jackson (2013) noted the benefit of the utility
being able to detect irrigation events for code en-
forcement purposes, and this could eliminate the
need for an employee to drive to multiple locations
to inspect irrigation behavior when it can be de-
tected by a smart meter.

Smart meters can also provide conservation
benefits through the detection of continuous leaks.
Because normal residential water use is intermit-
tent, it’s easy to identify continuous leaks, as they
can be identified through continuous flow data.
Cardell-Oliver (2013) indicated that alarms were
set to notify the utility for continuous customer
use at a utility in Kalgoorlie-Boulder, Australia.
These alarms were based on data collected at one-
hour intervals, and the alarms trigger interaction
with the residents from the utility as appropriate
for the amount of the flow. For high flow rates, the
residents can be contacted immediately by phone,
while medium flows may trigger a letter, and the
least significant flows may simply receive advice in
the regular water bill.

Beyond leak detection only, additional re-
search has focused on the “self-awareness” factor,
i.e., that water use awareness brings customer-ini-
tiated conservation. This self-awareness is noted
by Davies et al. (2014), who investigated the im-
pact of smart meters on reducing residential water
use in the long term. A key finding was that house-
holds with an in-home display that could be used
to track water usage reduced their usage by an av-
erage of over 6.8 percent when compared with the
control group that did not have an in-home dis-
play. The self-awareness factor was also used to
support the long-term conservation goal of the Al-
buquerque (N.M.) Bernalillo County Water Util-
ity Authority, as indicated by Daigle and Jackson
(2013), who described the implementation of
AMI, meter data management, and customer en-
gagement software that put the power in the hands
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of the consumers. It was used to identify leaks and
also allowed customers to view their consumption
patterns on a near real-time basis; customize and
receive usage reports via email, text, or phone; cre-
ate personal conservation goals and water budg-
ets; and download targeted educational material
regarding conservation.

Potential Insurance Benefits and
Overall Cost Framework

A potential application of smart meter sys-
tems is the rapid detection of pipe breaks within
residential plumbing. Approximately 25 percent of
insurance claims are the result of water damage
(Table 1), with claims from faulty plumbing aver-
aging over $17,000 per claim (Table 2). If plumb-
ing breaks can be detected early during the break
event, and smart meters can provide notification

to customers and automatic shutoff valves, then
the damage from these plumbing breaks can be
minimized.

The use of automatic shutoff valves in homes
has become more prevalent in recent years; how-
ever, they are typically linked to sensors in the
home that have to detect the presence of water
(e.g., a sensor in a laundry room that detects water
on the floor). Prior to evaluating the cost- and
water-savings potential, a basic framework needed
to be established to compare savings to costs. The
cost framework is based on actual costs for Hills-
borough County Public Utilities Department. The
cost for each AMI data logger with smart meter ca-
pability is $250, which covers the data storage and
reporting to both customers and utilities for 10
years, with data accessible at five-minute intervals.

For the cost comparison, the $250 is assumed
to take the place of any meter-reading cost for 10
years. The AMI data loggers replace the analog reg-

isters on the meters; however, no internal me-
chanical components of the meter are replaced or
impacted in any way. As such, the addition of the
AMI data loggers doesn’t impact the normal re-
placement schedule for the meters, so no addi-
tional costs or savings are included with the
addition of the AMI data loggers. Table 3 shows
how this cost breaks down from the 10-year total
to annual, monthly, and daily costs. For compari-
son, actual cost for the utility per-meter read
ranges from $0.56 to $0.99. The low end of these
costs is for contract meter reading (with no other
services provided), while the high end of these
costs includes overhead and other services by util-
ity workers, like reporting and fixing anomalies in
the field. The normal meter-read frequency based
on standard meters is once per month.

Table 3 shows the costs and differences when
comparing the range of standard meter read costs
to the AMI costs; the resulting range of cost differ-
ences shown in Table 3 would be passed on to the
customer to result in cost neutrality for the utility.
While the utility could realize other potential sav-
ings, which would reduce these differences, those
are not being discussed in the current study, so no
additional savings are being included. Assuming
that the smart meters could be used to detect
plumbing breaks and notify the customer in order
to prevent or reduce damage (thereby reducing the
risk for significant property damage), there is po-
tential for insurance companies to incentivize the
use of smart meters. Insurance policies are typi-
cally written on an annual basis, and the required
annual premium reduction would need to range
from $13 to $18 (Table 3) in order to result in cost
neutrality for the customer without any other sav-
ings considerations.

Aside from a pipe break or leak detection, the
customer can realize other potential savings
through conservation. Hillsborough County uses
a conservation block structure for water rates
(Table 4). Assuming that no savings are realized
through the insurance premium reduction, Table
3 shows the resulting water savings that would be
required in order to result in cost neutrality for the
customer. In order to show a high and low end for
the range, it was assumed that the highest cost dif-
ference for meter read options was applied to a
customer with water use in the lowest range,
thereby paying the lowest block rate; compara-
tively, the lowest cost difference was used assuming
the savings would occur in the highest block rate. 

The resulting water savings required in
order for the customer to result in cost neutral-
ity ranges from 5 to 14 gal per household per
day (gphd). A key question is if actual leakage
quantities are in this range so that leakage re-
duction can potentially result in cost neutrality
for the customer. A recent study in the United
States (DeOreo et al., 2016) that built upon an

Table 2.  Repair Costs for Different Types of Water Damage

Table 3.  Comparison of Advanced Metering Infrastructure to Standard Meter Reading Costs per
Single-Family Residential Customer for Hillsborough County Public Utilities Department

Table 4. Monthly Conservation Block Rate for Hillsborough County Public Utilities for 2016
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earlier nationwide study (Mayer et al., 1999)
showed that average leakage was 17 gphd, so
there is data to support the potential for these
savings.

High-Frequency Water 
Use Data Collection

The current study builds upon an earlier eval-
uation for three homes where aggregate event out-
liers were quantified based on volumetric ranges
(McCary and Heaney, 2018). This requires an un-
derstanding of intended event ranges obtained
through the analysis of high-frequency databases.
Figure 1 shows the intended and unintended event
ranges, along with an entire year of events for one
of the homes presented in the study. The aggregate
events shown in Figure 1 are based on aggregating
continuous periods of water use using one-minute
data.

The current study focuses on the evaluation
of a 128-home subset of an overall AMR pilot pro-
gram that included a 191-home study area and the
three homes previously evaluated.  For the 191-
home study area, the data were collected at either
one- or five-minute recording intervals, and while
the period of record was different for each home,
each had at least one year of data in the range from
June 2013 to August 2015.

The AMR data loggers used in this study only
replaced the analog registers on the meters; no in-
ternal mechanical components of the meter itself
were replaced, and the resolution of the gal re-
ported by the AMR data loggers was as accurate as
the registering capability of the mechanical com-
ponents of the meter. The internal mechanical
components of the meters use nutating discs ca-
pable of reading in increments of 0.017 gal. The
local data storage on the AMR was limited to
32,000 data points. 

The data in this study were collected by driv-
ing to each meter and downloading the data from
the loggers through short-range wireless commu-
nication. The vehicle used was equipped with a
radio that communicated with a local radio trans-
mitter on each of the data loggers and each data
file took approximately five minutes to download.
A database was built that allowed each data file to
be uploaded to the appropriate dataset for each
meter. The resulting database allowed easy access
to water use data by time of day, day of week, and
any combination of these two.

Within the 191-home study area, there were
166 homes programmed with a five-minute
recording interval, and at this interval, the data
must be downloaded every 111 days in order to
avoid gaps in the data. The other 25 homes were
programmed with a one-minute recording inter-
val, with the data needing to be downloaded every
22 days. An aerial map of the pilot area is shown in

Figure 2. The blue parcels indicate the 166 homes
with five-minute recorded intervals, and the or-
ange parcels indicate the 25 homes with one-
minute recorded intervals.

A reduced dataset was used to limit the eval-
uation to one year in order to evaluate continuous
data and develop a report based on annual statis-
tics. Over 20 million data points were collected for
the 166 homes (with five-minute data), and over
13 million data points were used for the final
dataset of 128 homes that had continuous water
use data for a one-year period. Likewise, over 17
million data points were collected for the 25 homes
with one-minute data, although these data aren’t
presented in the final dataset.

Results and Conclusions

The 128-home dataset was summarized
based on the criteria from McCary and Heaney
(2018) to develop statistics on a per-home basis at
different levels of temporal aggregation of the data.
The different levels of aggregation allow for a com-
parison between the detection capabilities of in-
creasing time steps from five minutes to one hour.
Table 5 shows the statistics for aggregate event out-
liers on a per-home basis, where the aggregate
event outliers are quantified based on volumetric
ranges. The color coding of the unintended events
that are summarized in Table 5 match the ranges
that are shown in Figure 1. 

For each volumetric range, there is also a per-
centage breakdown showing the volume con-

tributed by individual data points within intended
and unintended intensity ranges. The purpose of
this percentage breakdown is to show the potential
that the larger aggregate events might actually be
comprised of intended uses with longer durations
than normal, or more likely, that the larger time
steps are combining many smaller events into what
appears to be longer, unintended events. The over-
all process is described by McCary and Heaney
(2018) in more detail.

From looking at only the conservation per-
spective, Table 3 indicates that an annual water
savings of 1,697 to 5,050 gal per home is required
to result in cost neutrality for the customer.  This
could be achieved by preventing only the larger
events greater than 1,000 gal; however, aside from
the conservation perspective, the cost of damage
prevention could be the most attractive benefit. If
these large events are internal pipe or fixture breaks
within the home, being able to mitigate these
events as a result of early detection could more
than offset the cost. As an example, Table 3 indi-
cates that an annual cost savings of $13 to $18 per
home is required to result in cost neutrality for the
customer.

Table 1 indicates that there are approximately
1.79 water damage clams per 100 homes, resulting
in approximately 2.29 claims per year in the 128-
home study area. Table 2 indicates that the lowest
cost of claims caused by leaks averages $3,642 for
damage from internal water heater leaks. If only
one of these average events could be detected and

Figure 1. Aggregate Events for Indoor Water Use (McCary and Heaney, 2018)
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prevented in the 128-home study area, the average
cost savings per home would be $28. From re-
viewing the five-minute data in Table 5, there are
two events per home greater than 1,000 gal, with
an average event volume of 13,900 gal. If only one
of these events for one home was an internal fix-
ture or pipe-break event, and the damage was mit-
igated from the use of a smart meter, the average
cost savings per home would cover the cost of the
smart meter installations across the entire study
area.

The results show that as the time step in-
creases, there is an overall decrease in the number
of events, which is intuitive, as the larger time steps
capture many smaller events within a single larger
event. Likewise, the larger time steps result in an
increase in the number of unintended events, al-
though the extreme events (greater than 1,000 gal)
are only slightly more prevalent. While the smaller
time steps capture many more of the smaller
events, these are not significant in terms of overall
volumetric contribution. 

The current study makes a case for a frame-
work where smart meter systems can directly ben-
efit customers by detecting these larger events. This
should be evaluated in future smart system evalu-
ations instead of using the traditional benefit
analysis for utility savings only.
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