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(57) ABSTRACT

Various embodiments of the present disclosure provide meth-
ods, systems, and devices for monitoring one or more utilities
consumed within a monitored area. At least certain disclosed
methods include detecting an amount of a first utility con-
sumed by a load associated with a device. An amount of a
second utility consumed by a load associated with the device
1s detected. The 1dentity of the device 1s determined based on
the amount of the first and second utility consumed. In further
disclosed methods, a utility monitoring method 1s disclosed
that includes measuring an amount of a utility consumed by a
first device at a first time and an amount of a utility consumed
by a second device at a second time. The 1dentity of the first
device 1s determined based on the measured consumption of
the first and second devices at the first and second time. In
certain implementations, the electricity meter uses an effec-
tive variance analysis of the conductance waveform on an
clectrical circuit to 1dentity specific appliances.
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UTILITY MONITORING SYSTEMS AND
METHODS OF USE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application 1s a continuation of U.S. applica-
tion Ser. No. 13/758,857, filed Feb. 4, 2013, which 1s a con-

tinuation of U.S. application Ser. No. 12/982,460, filed Dec.
30, 2010, which 1ssued as U.S. Pat. No. 8,396,821, which i1s a
divisional of U.S. patent application Ser. No. 12/301,962,
filed Nov. 21, 2008, which 1ssued as U.S. Pat. No. 7,885,917,
which 1s the U.S. National Stage of International Application
No. PCT/US2006/048134, filed Dec. 15, 2006, which was
published 1n English under PCT Article 21(2), which 1n turn
claims the benefit of U.S. Provisional Patent Application No.
60/803,323, filed May 26, 2006. Each of these applications 1s
incorporated by reference herein 1n 1ts entirety.

TECHNICAL FIELD

[0002] The present application relates generally to utility
monitors and their methods of use. In particular examples, the
present application provides a non-intrusive utility monitor
which can be used to monitor a plurality of discrete loads.

BACKGROUND

[0003] Inmostresidences and small businesses, utility con-
sumers learn about their utility consumption through a bill
delivered once per month. This system has limited ability to
promote conservation since the consumer does not have feed-
back to associate their specific activities to a particular cost.
This lack of information can result 1n a disconnect between
the perception of utility costs and their actual costs. The lack
of timely and/or specific information can also lead to mefli-
ciencies and poor decision making by individuals. Although
gasoline prices are often a top concern for consumers, the
average household spends more than twice as much on utili-
ties as on gasoline. In 2003, an average household spent
$2811 on residential utilities, fuels, and public services; while
spending $1333 on gasoline and motor oil.

[0004] Large commercial businesses commonly employ
technology for energy and utility management. Typically a
building engineer reviews utility consumption data to ensure
utilities are consumed 1n a cost effective manner. This tech-
nology has not penetrated the small business and residential
market due to the system and installation expense. Moreover,
the data provided by typical existing systems 1s not presented
in a way that non-technical users can understand. Existing
monitoring systems also typically do not monitor multiple
utilities (1.e. natural gas, electric power, and water), or corre-
late the use of different utilities to one another.

[0005] Many existing electricity monitoring devices attach
sensors to each electrical appliance to be monitored. How-
ever, attaching sensors and transmitters to numerous appli-
ances 1n the areas to be monitored can add substantial cost to
the system. Such a configuration can also increase the com-
plexity of the system and the difficulty of installing 1t.

[0006] Some existing systems monitor electric loads at the
point of service entry into the areas to be monitored, such as
an electrical meter installed by a power company. However,
such systems typically only analyze overall electricity use
and do not analyze use by individual circuits or appliances.
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SUMMARY

[0007] The present disclosure provides apparatus, systems,
and methods for monitoring one or more utilities. In a par-
ticular embodiment, the present disclosure provides a utility
monitoring method that improves on the above mentioned
methods that are currently employed. An amount of a first
utility consumed by a load associated with a device 1s
detected. An amount of a second utility consumed by a load
associated with the same device 1s detected. The i1dentity of
the device 1s determined based on the amount of the first and
second utilities consumed. In a specific example, the first
utility 1s electricity and the second utility 1s gas. In another
example, the first utility 1s electricity and the second utility 1s
water. In a further example, the first utility 1s water and the
second utility 1s gas. In particular examples, electricity use 1s
analyzed using a non-intrusive load monitoring algorithm,
such as an effective variance analysis of the conductance
wavelorm on an electrical circuit.

[0008] According to a further disclosed utility monitoring
method, an amount of a utility consumed by a first device at a
first time 1s measured. An amount of a utility consumed by a
second device at a second time 1s measured. The first device
1s 1dentified based on the measured consumption of the first
and second devices.

[0009] Invarious disclosed methods, the time of day of the
use, the duration of use, or the separation of time between
uses are used to help identily the first device. In yet further
methods sequence-based heuristics are used to identity which
sequence of utility consumption 1s more probable.

[0010] The present disclosure also provides an energy
monitoring system. In a particular embodiment, the energy
monitoring system 1ncludes an electricity meter and another
utility meter, such as a water meter or natural gas meter; a
signal processor; and a user interface device or user computer
in communication with the electricity meter and the other
utility meter. In certain implementations, the electricity meter
includes a non-intrusive load monitor algorithm, such as an
elfective variance analysis of the conductance waveform on
an electrical circuit. In specific examples, the electricity
meter 1s 1n communication with each of a plurality of circuits.
In such examples, the system need not include the water
meter. Some implementations of the electricity meter include
a signal processor.

[0011] In particular implementations that include an elec-
tricity meter 1n communication with each of a plurality of
circuits, the electricity meter includes a power line modem or
wireless transceiver. In further implementations, the electric-
ity meter has multiple monitoring channels, each channel
being in communication with a current transducer or voltage
sensor attached to a circuit of a monitored area. In one
example, each channel 1s 1n communication with a circuit at a
circuit box, or fuse box, servicing a monitored area.

[0012] Certain embodiments of the present disclosure
include a user interface device. The user interface device 1s 1n
communication with one or more utility meters. The user
interface, 1 some examples, processes data from the utility
meters, such as with a signal processor. In certain implemen-
tations, the user iterface device includes a user input device
and a display. The display may be used to communicate utility
consumption information to the user. The user input device
may be used by the user to select utility information to view,
or to control operation of the utility monitoring system.
[0013] Insome embodiments of the disclosed systems, the
user’s computer 1s i communication with the utility meters.
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The user computer may also be used to process data (such as
with a signal processor), display information to the user, or
allow the user to control the monitoring system.

[0014] In further embodiments, the user interface device
serves as an interface between the utility meters and a user’s
computer. The user’s computer may be used to display utility
consumption information and other information to the user.
The user’s computer may also be used by the user to control
the utility monitoring system. In yet further embodiments, the
user’s computer or remote system may communicate with the

user mterface using a network protocol, such as TCP/IP.

[0015] Invarious embodiments, the user’s computer or user
interface device may be in communication with a remote
network, such as with or through the internet. A remote net-
work computer may store data from the utility meters, process
such data, and transmit data to the user interface device or
user’s computer. For example, the remote network computer
may contain profiles of various utility loads for comparison
against the user’s monitored area, such as for load identifica-
tion or benchmarking. In other embodiments, load profiles
are stored on the user’s computer, the user interface device, or
the signal processor. The remote system may be used to
transmit applicable advertisements or offers to the user, in
some examples such offers originate from appliance vendors,
service organizations, or home improvement companies.

[0016] Additional embodiments provide methods for 1den-
tifying an electrical device based on the electrical consump-
tion of the device. One such method includes measuring the
voltage and current consumed by the appliance at a plurality
of times. The conductance of the device 1s determined at each
of the plurality of times. The device 1s 1dentified based on the
change 1n conductance over time. In some implementations,
the device 1s 1dentified by comparing the change 1n conduc-
tance over time to a reference value. In further implementa-
tions the change 1n conductance over time 1s analyzed using,
statistical analysis, such as subjecting the change in conduc-
tance over time to a least squares analysis, for example, an
analysis of the effective variance of the conductance. In a
specific example, the time over which the conductance 1s
measured 1s at least about one minute. In a further example,
the conductance 1s measured once per voltage cycle.

[0017] The disclosed methods, systems, and apparatus can
allow users to receive data regarding utility consumption
relatively concurrently with such use. The availability of such
data can better aid users 1n adjusting their utility use. In a
particular example, consumption data 1s converted to an esti-
mate of the environmental impacts of the utility consumption,
such as an estimate of greenhouse gas emissions. The present
disclosure can also allow utility consumption to be more
casily, conveniently, and accurately attributed to various
sources ol consumption. In particular methods, the present
disclosure allows the thermal efficiency of a monitored areato
be measured. Such measurements can be used to help guide
purchasing or renovation decisions for the monitored area.

[0018] There are additional features and advantages of the
subject matter described herein. They will become apparent
as this specification proceeds.

[0019] Inthisregard, it is to be understood that this i1s a brief
summary of varying aspects of the subject matter described
heremn. The various features described in this section and
below for various embodiments may be used 1n combination
or separately. Any particular embodiment need not provide all
teatures noted above, nor solve all problems or address all
1ssues 1n the prior art noted above.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Various embodiments are shown and described 1n
connection with the following drawings 1n which:

[0021] FIG. 1 1s a schematic diagram of a disclosed utility
monitoring system.

[0022] FIG. 2 1s a schematic diagram of a particular imple-
mentation of the utility monitoring system of FIG. 1.

[0023] FIG. 3 1s a schematic diagram of an implementation
of the utility monitoring system of FIG. 1 capable of moni-
toring a plurality of individual electrical circuaits.

[0024] FIG. 4 1s a graph of the average conductance wave-
forms for four appliances.

[0025] FIG. 5 1s a graph of the average conductance wave-
forms of an air conditioner (2100 W) and a reading lamp (18
W).

[0026] FIG. 6 15 a series of graphs showing chi-square
calculations of the conductance waveforms of an air condi-

tioner versus the air conditioner plus a reading lamp, and of an
air conditioner versus itself.

[0027] FIG. 7 1s a graph of chi-square values versus aver-
aging time.
[0028] FIG. 8 1s a graph of simulated utility data for an

clectricity meter, a gas meter, and a water meter illustrating
how loads can be identified based on analyzing multiple
utilities.

[0029] FIG. 9 1s a graph of simulated utility data from an
clectricity meter and a water meter illustrating how sequence
heuristics can be used to 1dentity loads.

[0030] FIG. 10 1s a process diagram 1illustrating how data
obtained from water, gas, and electricity meters may be
deconvoluted to provide consumption imnformation for spe-
cific loads.

[0031] FIG.111s asample user interface screen that may be
displayed on a user’s computer or the user interface by the
utility momitoring system of FIG. 1.

DETAILED DESCRIPTION

4 - R 4

[0032] As used herein, the singular forms “a,” “an,” and
“the” refer to one or more than one, unless the context clearly
dictates otherwise. As used herein, the term “includes” means
“comprises.” Unless the context clearly indicates otherwise,
the disjunctive “or” includes the conjunctive “and.”

Utility Monitoring Systems

[0033] FIG. 1 illustrates, generally, a disclosed utility
monitoring system 100. The utility monitoring system 100
includes a utility monitor 110 1n communication with various
utility meters 120, 130, 140. As used herein, “meter” refers to
a device that can track consumption or use of a particular
quantity. For example, an electrical meter that tracks electric-
ity consumption can be a meter installed by a power company
or another metering device, such as a supplemental electrical
meter (not shown) installed 1n a circuit breaker panel.

[0034] The utility monitor 110 can be, or include, a multi-
plexer, analog to digital converter, digital signal processor, or
power line interface device. In FIG. 1, the utility meters 120,
130, 140 are, respectively, a water meter, an electric meter,
and a gas meter. However, the monitoring system 100 need
not include all of the meters 120, 130, 140. In particular
implementations, the monitoring system 100 includes addi-
tional meters, such as, for example, a heating o1l meter (not
shown). The monitoring system 100 can include additional
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monitors or sensors, such as temperature sensors 145 or other
ambient sensors (such as humidity, or pressure sensors).

[0035] The utility monitor 110 1s in communication with a
user interface 150. The user interface 150 may optionally be
in communication with a user computer 160. The user inter-
face 150 can be connected to the user computer 160 by, for
example, USB, senal, parallel, SCSI, RS232, SPI, 12C, Eth-
ernet, wireless protocol, power line communications (such as
the Homeplug standard), ZigBee, or PS/2 connections. In
some 1mplementations, the user interface 150 1s a stand alone
component and need not be connected to the user computer
160. In further implementations, the user interface 150, or
user computer 160, 1s in communication with a remote server
170 over a network 180, such as the internet. In some 1mple-
mentations, the utility monitor 110 1s integrated 1nto the user
interface 150 or the user computer 160. In yet further imple-
mentations, the utility monitor 110 1s omitted and the meters
120, 130, 140 communicate directly with the user interface
150 or the user computer 160. Some embodiments omit the
user mterface 150. The utility monitor 110 optionally com-
municates with utility providers 190.

[0036] In some configurations, the utility meters 120, 130,
140 are directly connected to the user interface 150, or user
computer 160, such as through a wired connection, including
standard communication protocols and adapters such as
RS-232, Ethernet, serial, parallel port, SPI, SCSI, 12C, Zig-
Bee, and USB connections. In a particular example, the utility
meters 120, 130, 140 send signals to the user interface 150
over power lines, such as using a power line modem. In amore
particular example, the components of the system 100 com-
municate using the Homeplug communication standard. In
turther 1implementations, the utility meters 120, 130, 140
generate wireless signals that are recervable by a recerver (not
shown) of the user interface 150 or the user computer 160. In
some 1mplementations, the user computer 160 accesses the
user interface 150 through a web browser. For example, the
user interface 150 may be assigned an mternet protocol (IP)
address. In particular examples, the user interface 150 com-

municates with the user computer 160, remote system 170, or
network 180 using the TCP/IP protocol.

[0037] In particular embodiments, such as the system 200
illustrated 1n FI1G. 2, the utility monitor 110 1s connected to
the utility meters 120, 130, 140 through respective adapters
182, 184, 186. In particular examples, the adapters 182, 184,
186 are designed to facilitate 1nstallation of the monitoring
system 100.

[0038] In some aspects, the adapters 182, 184, 186 arc
designed to be istalled by a consumer or other end user. In
other aspects, one or more of the adapters 182, 184, 186 are
designed to be mstalled by a professional, such as an electri-
cian or plumber. The adapters (or sensors) 182, 184, 186 may
be powered by the local electrical supply (not shown), or may
have a portable power supply (not shown), such as a battery.
In particular examples, the portable power supply includes a
solar cell, which may be used to power the adapter 182, 184,
186 or charge its batteries. Suitable adapters 182, 184,186 are
the Meter Interface Units (MIUs) available from Archnet of
ShenZhen, China. In some implementations, the electrical

adapter 184 or electricity meter 130 includes an 1n line shunt
resistor, a current transducer, or a Hall Effect sensor. Suitable

Hall Eftect sensors are available from GMW Associates of
San Carlos, Calif., such as the Sentron CSA-1V.

[0039] In particular implementations, the adapters 182,
184, 186, such as the adapter 182 for the water meter 120,
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include a photo sensor, such as an inirared or optical sensor,
that detects rotation of a dial mechanism. In one example, the
sensor detects reflection of light off of the dial mechanism.

[0040] A light source, such as an optical or infrared LED, 1s
included, 1n certain embodiments, to generate a signal to be
measured. An integrated light emitting diode and photodiode
1s available from Honeywell (PN# HOA1180). A marker,
such as a piece of more highly light absorbing or reflecting
material, may be placed on the dial in order to help track
rotation of the dial.

[0041] Infurther examples, a separate meter, such as a flow
meter, 1s 1nstalled in the gas line or water line. A separate
meter may also be included on the electrical line, such as a
voltage or current meter. In particular implementations, the
clectrical adapter 184 1s installed between an electrical socket
and an existing electrical meter, such as an electrical meter
installed by a power company. Suitable socket adapters 184
are available from RIOTronics, Inc. of Englewood, Colo. In
some 1mplementations, the adapters 182, 184, 186 read sig-
nals, such as wireless signals, generated by an existing meter,
such as a meter mstalled by a utility company.

[0042] Insomeimplementations, the electrical adapter 184,
or multiple electrical adapters 184, 1s connected to one or
more individual circuits entering a measurement site. Each
circuit may have a separate adapter 184, such as an electric
metering device, or multiple circuits may be individually
monitored by a single electrical adapter 184. In particular
examples, the electrical adapter 184 includes a current trans-
ducer (not shown) attached to the wires corresponding to each
breaker switch in a circuit box. A multi-channel analog to
digital voltage sensor (not shown) may be 1n communication
with the current transducer to simultaneously monitor mul-
tiple circuits.

[0043] The user interface 150 collects data from utility
monitor 110. In some 1implementations, the user interface 150
contains a processor and software or firmware for processing
the collected data. The data or processed data can be trans-
terred from the user interface 150 to the user computer 160. In
particular examples, the user imnterface 150 includes a display
and user input device. The user can, in some examples, be
presented with information or control the system 100 using
the user interface device 150. In some implementations, the
user interface 1s a device running the PALM operating system
(available from Palm, Inc., of Sunnyvale, Calit.), Embedded
Linux (available from uClinux at www.uclinux.org) or the
Windows Mobile (Pocket PC) operating system (available

from Microsoit, Inc., of Redmond, Wash.).

[0044] In embodiments where the user interface 150 trans-
ters collected data to the user computer 160, or the utility
meters 120, 130, 140 are directly connected to the user com-
puter 160, suitable data processing soitware 1s installed on the
user computer 160. In yet further implementations, the user
interface 150, or user computer 160, 1s 1n communication
with the remote server 170. The remote server 170 processes
the collected data and displays summary information, reports,
or other information to a user on the user interface 150 or user
computer 160.

[0045] The consumption of a utility by a load, such as the
use of an appliance, 1s associated with the consumption of one
or more utilities, such as one or more of water, electricity, gas,
propane, coal, hydrogen, and heating o1l consumption. In
embodiments where electricity adapters 184, such as current
transducers, are mounted on individual breaker switches, the
overall system 200 has additional information to associate
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with an electrical load. Data from one or more meters 120,
130, 140, adapters 182, 184,186, or ambient sensors 145 may
be used to 1dentily a particular utility load.

[0046] FIG. 3 illustrates another architecture for a utility
monitoring system 300. The monitoring system 300 includes
an electricity meter adapter 310 installed at each circuit 318 1n
a circuit breaker panel 314. In particular implementations,
cach adapter 310 monitors multiple individual circuits 318.
The monitoring system 300 also includes a gas meter 320.
The gas meter 320 may be implemented as described 1n
conjunction with systems 100 or 200. In further embodi-
ments, the gas meter 320 1s omitted or additional meters, such
as water or heating o1l meters, are included in the system 300.

[0047] The gas meter 320 and electricity adapters 310 are1n
communication with a controller 330. The controller 330
includes a multiplexer 332, an analog to digital converter and
digital signal processor 334, and a power line interface device
336, such as a power line modem. The controller 330 1s 1n
communication with a power line network interface device
340 which, 1n turn, 1s in communication with a user computer
350. Powerline network integrated circuits are available from

Intellon (PN#INT5200) of Ocala, Fla.

[0048] Inparticular examples, the controller 330 1s a Black-
fin Digital Signal Processor (DSP), available from Analog
Devices, Inc., of Norwood, Mass. This particular DSP has
built 1 network connectivity and an SPI interface (serial
peripheral interface). In particular implementations, this con-
troller 330 1s programmed using DSP++ (Analog Devices,
Inc.) or LabView (available from National Instruments, Inc.,
of Austin, Tex.). The analog to digital converter 334 may be a
16-bit converter connected via the SPI. The multiplexer 332
may, 1n particular examples, acquire data from up to 32 chan-

nels.
Load Identification
[0049] Various types of information contained 1n the col-

lected data can be used to identily a particular load. For
example measurements can be made of: the time the con-
sumption began; the duration of the consumption; the rate of
consumption; the total amount of utility consumed during a
particular period; the maximum or peak use; the shape and
magnitude of the electrical power wavelorm (such as the 60
Hz wavetorm); and any changes 1n the rate of consumption.
These measurements can be compared to a library of standard
values for different types of loads. The measurements can
also be compared to a library of appliances previously
observed on the utility signal. As an example of how con-
sumption can be used to 1dentily a load, a toilet flush can be
distinguished from a shower based on the duration of the
consumption, the total amount of water consumed, and the
water tlow rate.

[0050] Time of day mformation can sometimes assist 1n
identifying a load. For example water usage 1n the middle of
the night 1s more likely to be due to a toilet flush than a shower.
Repetitive periodic water usage throughout the day might be
due to a sprinkler system whereas repetitive periodic water
usage thought the day and night might be due to an 1ce maker.
Even 11 the consumption patterns are not sufficient to com-
pletely identify the loads, they can still be used to help select
the most likely candidates. The user can assist the appliance
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identification program by linking an unidentified appliance to
the name of an appliance that 1s known have been 1n opera-
tion.

[0051] When the data 1s electrical data, additional informa-
tion may be measured and used to identity a load. For
example, the shape and size of the 60 Hz conductance wave-
form (defined as the current divided by the voltage) may be
used to help 1dentity the load. Typical resistive appliances,
such as incandescent lights and clothes 1rons, draw current
that 1s 1n phase with the AC voltage. Appliances with a reac-
tive and resistive load (such as a DC transtormer for a stereo
amplifier and a motor on a clothes washer) draw current that
1s out of phase with the voltage. Yet other appliances, such as
computers, have switching power supplies that consume
power for brief intervals during a voltage cycle. Analysis of
the amplitude and temporal variation of the current and power
wavelorms can help i1dentily specific loads connected to a
circuit. The circuit can be characterized by its voltage and
current measured at a particular sampling rate, such as 3840
Hz to provide 64 samples per voltage cycle.

[0052] For some loads, the current or voltage may be very
stable. For example, certain light bulbs are either on or off.
Other loads may operate at discrete values, such as a ceiling
tan with 3 speeds. Further types of loads will have a range of
settings, such as a power drill having variable speed control.
Finally, other loads (such as a refrigerator, TV, or computer)
may have more complex combinations of conductance over
time.

[0053] Signal processing techniques can be used to disag-
gregate a bulk signal, such as the total household electrical or
water use data, into its component loads based on the unique
properties of each load. A library of properties of common
loads can be maintained and accessed by the user interface
150, user computer 160, or remote system 170. For example,
the library can 1nclude properties of appliances from model
years that are most likely to be used 1n the monitored envi-
ronment.

[0054] When located on the user interface 150 or user com-
puter 160, this library can be updated periodically, such as
through the internet 180 by the remote server 170. Other
programming of the user interface 150, or soitware runnming
on the user computer 160, can also be updated via the internet,
such as with improved algorithms, heuristics, and the like. In
certain implementations, training or other user provided data
1s used to update a library that can be shared with other users.
With a broad set of load profiles, the systems 100, 200, 300
will be able to, 1n particular examples, automatically identify
the loads consuming at least about 90% of the utilities 1n the
monitored area.

[0055] In some aspects, the systems 100, 200, 300 use a
processing algorithm that employs statistical analysis, such
as a least squares {it, to identily individual loads. In a specific
example, an eflective variance analysis 1s performed on
changes in conductance. Conductance is a useful parameter to
characterize the power consumption behavior of an appliance
since 1t 1s: (1) voltage mmdependent (1.e. an appliance’s con-
ductance changes mimimally with normal fluctuations in volt-
age delivered to the circuit) and (2) 1s additive for the calcu-
lation of power (1.e. the conductance on a circuit 1s the sum of
the conductances of all appliances).

[0056] In some examples, the voltage and current wave-
form 1s sampled at a suificient rate such that many data points
are collected for each voltage period. When the AC voltage V
passes from negative to positive, current I and voltage V data
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points are each inserted 1nto the first columns of a two dimen-
sional array. The number of rows 1n the array 1s defined by the
number of samples taken during a voltage cycle. When the AC
voltage V passes from negative to positive again, the current
and voltage data are inserted 1nto the next columns of the
arrays and so forth. With this data, instantaneous values of the
Power P (I*V) measured 1n Watts and Conductance G (I/'V)
measured 1 Siemens can be calculated. In particular
examples, the average and standard deviation of the rows of
the conductance array 1s calculated on a one second basis.

[0057]
das.

The current and voltage waveforms are measured

I:II:IEE - . IH
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[0058] Where n 1s the number of samples measured during
cach voltage cycle. Similarly, the conductance of each sample
1s also calculated:

o 1y | I | fn
Vi W2 Vi
[0059] The average and standard deviation of each element

of I, V, and G 1s calculated for each non-transient (non-event)
period by averaging over all voltage cycle wavelorms over a
period for example 1 second. To minimize memory needs for
the system, the point-by-point calculations are used to calcu-
late the mean and standard deviations. This 1s accomplished
by tracking the number of measurements, the sum of the
sample measurements, and the sum of squares of the sample
measurements. The mean 1s calculated by the equation:

m—1

e )

J=
i

Mm =

[0060] The standard deviation 1s subsequently calculated
using the following equation:

[0061] In this case, the variable x 1s the wavelorm of con-
ductance over the j” voltage cycle. An example of conduc-
tance wavelforms for four appliances 1s shown 1n FIG. 4. In
this example, the data were collected with a 13-bit digital to
analog converter with an electrical current sensitivity of 16
mA per bit. The Figure shows substantial variation of the
conductance wavetorms for the different appliances.

[0062] The states of appliances on a particular circuit are
identified by applying an effective variance calculation using
all combinations of appliance waveforms known to exist on
that particular circuit.
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[0063] The effective variance method seeks to find the
minimum of the following equation:

[0064] Where ¢° is the cost function to minimize, 1 is the
clement within a voltage cycle period, n 1s the number of
clements within one period, k 1s a particular appliances out of
a total ot p known appliances within the appliance library, a, ;.
is the i’ element of the conductance array of appliance k, S
1s the binary state of apphance k (1=on, O=o1l), and o 1s the
standard deviation of the i”” element of either G or a.

[0065] A transition event 1s defined to begin when the run-
ning v~ (comparing the interval from one period to the same
s1zed interval 1n the next period) exceeds a certain threshold,
indicating a change 1n the operational state of one or more
appliances connected to the circuit. The transition event 1s
defined to end when the running ¢~ falls below a predeter-
mined threshold. Typical applications use an interval of 1
second for the running y* calculation. All combinations of S,
are tested to find the minimum *. If the minimum 7~ is above
a certain threshold, a new device 1s added to the appliance
library.

[0066] For a total of p appliances, there are 27 different
combinations of S. Since devices are generally turned on one
at a time, S usually changes only one element at a time and the
search for the optimal S can begin with p different combina-
tions of S thereby reducing the number of calculations needed
to find S. When looking at power increases, the number of
combinations to be analyzed can be further reduced by omiut-
ting devices that are already on as possible candidates. Simi-
larly, when looking at power reductions, devices that were not
previously on can be omitted 1n determining possible candi-
dates. In these situations, the number of combinations 1s less
than p.

[0067] For appliances that are continuously variable (1.e. a
light with a dimmer), the different states will mitially be
identified as different appliances. As the user trains the appli-
ance 1dentification algorithm, the algorithm will identify the
appliance based on the interpolation of already measured
appliance states.

[0068] Thedisaggregation algorithm 1s configured, in some
embodiments, to 1dentity small loads that are turned on while
a much larger load 1s active. Failure to achieve this separation
can cause the load i1dentification techniques to 1naccurately
group various appliances and produce erroneous results. The
following example demonstrates the ability of the effective
variance technique to determine the operational state of an 18
W reading lamp while a 2100 W air conditioner 1s turned on.
[0069] A comparison ofthe conductance profiles are shown
in FIG. 5. The error bars 1n the chart indicate that the vari-
ability of the conductance samples of the combination of both
reading lamp plus air conditioner spans the conductance
samples of the air conditioner alone.

[0070] A stochastic analysis was performed by simulating
waveforms assuming each i’ measurement of conductance is
normally distributed about 1ts mean. A random number gen-
erator was used to add error to each average value to simulate
the vanation of repeated measurements. The uncertainty of
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the average sample value (1.e. the standard error) decreases as
the number of samples increases and 1s defined as the standard
deviation divided by the square root of the number of
samples. Based on this relationship, the average conductance
wavelorms for a variety of averaging periods ranging from
0.0167 seconds (one voltage cycle) up to 30 seconds were
simulated.

[0071] The > was calculated for each sample point in the
wavelorms by comparing one simulation of the air condi-
tioner conductance (1.e. the test set) with another simulation
of the air conditioner conductance (“case one”). The standard
deviations of each conductance measurement were used 1n
calculating the v*. This calculation was repeated for the con-
ductance waveform of the test set comparing 1t with the con-
ductance of the air conditioner plus the reading lamp (“case
two™).

[0072] The top panel of FIG. 6 shows the ¢~ values calcu-
lated for only one voltage cycle. It can be seen that these are
indistinguishable, indicating that when averaging for one
voltage period (0.0167 seconds), the operational state of the
lamp can not be determined when the air conditioner 1s on. As
averaging periods increase the average y~ times the number of
wavelorms sampled increases for case two, whereas the val-
ues for case one remain constant.

[0073] FIG. 7 shows a comparison of the average vy, values
times the number of voltage cycles for a range of averaging
periods. The load 1dentification algorithm selects the combi-
nation of appliances with the lowest chi-square. This example
shows that the operational state of the lamp can be determined
while the air conditioning 1s on after approximately 1 second.
This 1s a substantial improvement in appliance selectivity
over existing methods that use only real and reactive power
(and occasionally odd number harmonic components) to infer
the operational state of appliances. Accordingly, the averag-
ing period can be chosen to provide a desired level of load
resolution.

[0074] The disclosed methods can also yield other useful
information for power quality assurance such as THD (total
harmonic distortion Eq. 4) and PF (power factor Eq. 5) which
are usetul for electric utilities and more informed users:

I Eq. 4
THD(%) = 100+ 2=L 0% 1
2. 1

2

D Vsl xcos(@, — 6,)
PF=""

2. Vil

n=1

where n 1s the index of the fundamental frequency of the
current I and voltage V. The term (¢—¢) 1s the difference 1n
phase angles between the current and voltage.

[0075] TheTHD and PF are typically monitored by electric
utilities, and large power consumers oiten face penalties for
violating established standards. The disclosed systems can be
used to monitor these quantities and determine which loads
have a detrimental effect on the power quality. Examples of
data processing techniques that can be used or modified for
use 1n electrical load analysis 1n the disclosed systems and

methods are disclosed in Hart, “Nonintrusive Appliance Load
Monitoring,” Proceedings of the IEEE 80(12), 1870-1891

(December 1992), and U.S. Pat. No. 5,717,325, each of which
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1s expressly incorporated by reference herein in 1ts entirety (1n
the case of any inconsistency with the present disclosure, the
present disclosure shall control).

[0076] Inparticular embodiments, the disaggregation algo-
rithm uses time sequence heuristics based on likely or histori-
cal load use. Appliances are often used 1n a particular order.
For example, a user’s morning routine may be to take a
shower, blow dry their hair, start a colfee maker, and make
toast. In one aspect, the time a particular load consumes a
utility can be used to help 1dentify the load. For example, the
alforementioned activities may typically occur in the morning.
Accordingly, when discriminating between two possible
loads to assi1gn to a particular source of consumption, the time
the load was activated may indicate assigning one load over
another. Similarly, a particular sequence of loads may be
indicated as more probable than another sequence. For
example, “shower”-*“hair dryer”-*“collee maker” may be indi-
cated as more likely than “washing machine”-*hair dryer”-
“coffee maker”. Both time-based and sequence-based heuris-
tics may be weighted such that heuristics that are more
probably true are weighted more heavily than heuristics that
are less probable.

[0077] In further embodiments, the disaggregation algo-
rithm uses a combination of data from two or more utilities to
identify a load. For example, certain appliances, such as a
dishwasher, use multiple utilities. Appliances that use a com-
bination of utilities can thus be distinguished from appliances
that use fewer utilities. Analyzing data from multiple utilities
can also be used to i1dentily loads, even when the load only
consumes one utility.

[0078] For example, FIG. 8 presents simulated utility data
simultaneously obtained from a gas meter, an electric meter,
and a water meter. During the observed time, the user flushed
a toilet, ran a washing machine, and took a bath or a shower.
In addition, the user’s furnace was activated.

[0079] Looking at the water trace, arca 406 represents the
toilet flushing. Areas 416, 418, 420 represent wash and mul-
tiple rinse cycles of the washing machine. Area 426 repre-
sents the user’s bath or shower. The toilet flush 406 can be
distinguished from the shower 426 and washing machine
cycles 416, 418, 420 based on the duration of the utility use
and the pattern of use. For example, the washing machine
pattern 416, 418, 420 may be a standard water use pattern for
the particular washing machine model owned by the user. The
toilet flush 406 may be identified because 1t uses a fixed
amount of water per flush.

[0080] Areas430,432,434 of the electricity trace represent
wash and rinse motor cycles of the washing machine. Again,
the areas 430, 432, 434 may be characteristic of the particular
washing machine used. The 1dentification of arcas 416, 418,
420 and 430, 432, 434 as being due to the washing machine 1s
further confirmed by the relation of water use to electricity
use. The washing machine would be expected to use both
clectricity and water. Furthermore, the water and electricity
use show a clear pattern of the washing machine filling with
water, followed by activation of the washing machine motor.

[0081] Theelectricity trace also shows alonger, less intense
period of electricity use at area 440. The area 440 may cor-
respond to lighting used during the user’s shower.

[0082] The gas trace shows heater use at areas 450, 452.
Areas 450, 452 can be assigned to the heater based on the
duration and magnitude of the heater use, as heating likely
uses a consistent gas draw rate. Furthermore, areas 450, 452
do not correspond to any electricity or water consumption,
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turther confirming that the gas use 1s due to a heater. Gas use
arca 460 1s assigned to a gas hot water heater. This assignment
can be based on the degree and duration of gas use, as well as
the correlation with hot water use during the user’s shower, as

confirmed by the electricity use area 440 and the water use
arca 426.

[0083] FIG.9 presents electricity and water traces for simu-
lated utility use. The water trace contains an area 310 associ-
ated with a morning shower. An area 520 represents a sink
running and an area 530 represents activation of an automatic
sprinkler system. The electricity trace exhibits an arca 540
associated with the use of a hairdryer and an area 550 repre-
senting activation of a toaster.

[0084] The 1identification of the utility loads can made
based on the time of day of the consumption, the correlation
of different utility consumption, and sequence heuristics. For
example, the relatively long, steady water consumption of
arca 510 1s closely followed 1n time by the short, high elec-
tricity consumption area 540. The combination of these two
events, as well as the time of day, helps confirm the assign-
ment of these areas to a shower and hair dryer.

[0085] Similarly, without any other information, the area
550 might be difficult to assign to a toaster versus a number of
other small wattage appliances. However, the time of day,
occurrence aiter the shower 510, and before the running of the
sink at area 520, helps establish area 550 as being due to a
toaster as part of the user’s morning routine. If the time of day
indicated that the sun was up, this would indicate that area 550
was unlikely to be a lighting device. In case of contlict, such
as the time of day indicating that 1t was dark outside, the
multiple data streams can be compared and the most probable
load chosen based on the heuristics most likely to produce the
correct result. In case of error, the user can correct the system
and help train the system to be more accurate 1n future pre-
dictions. The results can be presented with a particular con-
fidence level to give the user an 1dea of the likely accuracy of
the data.

[0086] Forexample, in certain implementations, a user can
program the user interface 150, such as by adding or editing,
library entries or by training the user interface 150 with user
input. For example, the systems 100, 200, 300 can include a
handheld unit, such as a PALM based or Window Mobiles
based computer. As an example, during a training session, the
handheld unit displays a list of devices within the monitored
area and the user indicates if the devices are on or off. In
turther embodiments, the handheld unit may specifically
direct a user to turn a load on or off. With suificient training,
the systems 100, 200, 300 can identily when most of the
major devices are on and how much of a particular utility each
device 1s consuming. The user can then associate particular
loads, behaviors, settings, and activities with specific costs.

[0087] FIG. 10 presents a datatflow diagram of a process
600 of using the disclosed utility monitoring systems, such as
the monitoring systems 100, 200, 300. Gas use 1s measured at
a plurality of times at steps 608, 610, 612. Electricity use 1s
measured at a plurality of times at steps 618, 620, 622. Water
use 1s measured at a plurality of times at steps 628, 630, 632.
Of course, the gas, electricity, and water use may be continu-

ously momitored, with times 608, 610, 612, 618, 620, 622,
628, 630, 632 representing particular data points.

[0088] The acquired data 1s transmitted to, and stored in, a
storage device 1 process 640. The storage device may be, for
example, the user iterface device 150, the user computer
160, or the remote server 170. The data 1s then processed,
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sequentially or in parallel, using various data analysis or
disaggregation processes. For example, the rate of utility use,
total amount of utility consumed, time of consumption, dura-
tion of consumption, and degree of consumption (such as the
highest amount of the utility drawn) are analyzed 1n process
644. Process 648 analyzes the data using sequence based
heuristics, as previously described. Process 6352 analyzes the
data using correlation based heuristics, as previously
described. For example, process 652 may correlate water use
to electricity or gas use. Process 656 may apply phase lag
heuristics or analysis to the data. The above-described effec-
tive variance analysis of the conductance may be applied in
process 638. The processes 644, 648, 652, 656, 658 may be
applied multiple times, such as 1n an iterative process, 1n order
to disaggregate the acquired data into utility use information
for discrete loads 1n a monitored area.

[0089] A process 660 receives the results of the processes
644, 648, 652, 656, 638. In particular implementations, the
process 660 applies further heuristics, or hierarchical rules
regarding the processes 644, 648, 652, 656, 658 to select the
most likely sources of utility use giving rise to the observed
data. In further implementations, the process 660 consults a
database 664 of utility loads 1n order to help 1dentify discrete
loads. The process 660 may send data back to one or more of
the processes 644, 648, 652, 656, 658 for additional analysis.
[0090] Once the observed data has been disaggregated into
utility consumption from discrete loads, the information may
be presented to a user at process 670. For example, the infor-
mation may be presented on the user interface 150 or user
computer 160.

Methods of Using Utility Monitoring Systems

[0091] When the disclosed systems include water monitor-
ing, the systems can be used to detect water leaks. For
example, the system can be used to locate a leaky faucet,
toilet, or sprinkler. In particular implementations, water con-
sumption exceeding a certain duration, or exceeding a certain
duration and particular rate, may indicate a leak or similar
problem. In some 1mplementations, the system provides a
notification to the user, such as an alert when the user accesses
the system, an email, page, or telephone call. In further imple-
mentations, the system may shut off the water, such as to
prevent damage to the monitored area, or may automatically
call a service provider. Similar measures may be imple-
mented with other utilities, such as gas or electricity.

[0092] The system can also be in communication with, or
otherwise monitored by, a utility company. In such 1mple-
mentations, the system can be used to enforce restrictions,
such as watering restrictions. The system can prevent unau-
thorized use, or restrictions can be enforced, such as by 1ssu-
ing a fine, after data is reviewed by the utility. Sitmilar mea-
sures can be implemented for gas or other utilities.

[0093] In certain aspects of the present disclosure, 1t 1s
undesirable, unnecessary, or overly complicated to identify
numerous individual small loads. Accordingly, loads can be
grouped 1nto a particular category. For example, rather than
measuring the electricity use of multiple 1incandescent or
fluorescent light bulbs, data can be collected or calculated for
all such similar loads. Abnormally low or high sub-loads can
generate a flag or alarm to indicate to the user that there may
be an 1ssue with a particular load category.

[0094] The user computer 160 recerves data from the user
interface 150 and can present a user with various reports.
Such reports may be presented on the user interface 150, 1n
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particular examples. Such reports may include, for example,
utility consumption summaries for a load, load category, or
group of loads, such as a circuit. The consumption summary
may be for a particular time period, such as a day, week,
month, year, or period of years. Consumption over various
periods of time can be used to track increased utility con-
sumption over a time period. In further implementations, the
user reports are provided to the user computer 160 over the
network 180, such as from the remote server 170. In some
configurations, the user interface device 150 provides the
reports to the user, and may be in communication with the
network 180 or remote server 170.

[0095] Consumption for a particular load can be compared,
or benchmarked, against standard values. For example, a
particular appliance may be associated with a standard data
pattern. Comparison of the measured data with the standard
data may be used to indicate the condition of the user’s
appliance, such as whether the appliance needs maintenance
or should be replaced. The comparison may be used to help
identify the type of maintenance or repair needed. For
example, increased fan effort over time may indicate a
clogged air filter 1n a furnace or air conditioning unit.

[0096] In further aspects, the user’s consumption data is
compared to similar users, such as users in the same zipcode,
who have similar loads, or who have similar monitored areas.
Such a comparison may allow a user to determine 11 they are
consuming more utilities, or producing more pollution, than
other similarly situated users. Such data can enable changes
in user behavior, such as consuming less utilities or installing
more elficient loads.

[0097] FIG. 11 1llustrates an embodiment of a user interface
screen 700 that can be displayed on the user interface device
150 or user computer 160. The screen 700 presents the total
cost of consumed utilities 710 and the abatement cost 720
associated with pollution caused by the utility consumption
710 and estimated green house gas emissions 725. A picture
730 of the monitored area 1s presented and the consumed
utilities 710 are broken down by type, such as lighting 740,
appliances 742, and gas 744. The user can get more informa-
tion on each of these utility subcomponents, such as a detailed

report for each associated load, by activating an appropnate
link 750.

[0098] The screen 700 also presents climate control infor-
mation 760, including heating costs 762, cooling costs 764,
the temperature 766 outside the monitored area, and the tem-
perature 768 within the monitored area. The screen 700 also
rates the efficiency of the climate control system, such as
using a star rating system 770. A user may choose to see more
detailed information regarding each climate control compo-
nent by selecting an appropnate link 772.

[0099] In another aspect, the data from the system may be
used to benchmark the efficiency of the heating, ventilation,
air conditioning, and isulation of a building, collectively
referred to as the “thermal efficiency.”” When configured to
measure electric power and natural gas (or heating o1l) con-
sumption, the device can attribute specific costs to the HVAC
system. Users can benchmark their building’s thermal eili-
ciency by calculating a U factor based on the following equa-
tions:

Heating Energy + Ventilation Energy

U eating — 1 1 : J
Heating Building Area- (Inside Temperature — Outside Temperature)
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-continued
Cooling Energy + Ventilation Energy

{ ooling — — : :
Cooling Building Area - (Outside Temperature — Inside Temperature)

This feature 1s useful for comparing the efficiencies of differ-
ent buildings and deciding how to invest in HVAC and/or
insulation upgrades. Such information can affect building
purchasing decisions.

[0100] In afurther aspect, the consumption for a particular
load can be used to help the user determine whether the user
should purchase a new appliance. For example, based on use
history, as well as projections based on such historical con-
sumption, the projected cost of a new appliance can be cal-
culated and compared to the projected cost of continuing to
use the existing appliance. I a significant amount of utility
consumption can be avoided, the user may decide to purchase
a newer or more ellicient appliance. In particular examples,
the systems 100, 200, 300 are used to determine whether, for
example, a gas or electric appliance, such as a water heater,
oven, range, clothes drying, or furnace, will be more cost
clfective.

[0101] The systems 100, 200, 300 may also be used to help

a user to decide whether to take steps to make the monitored
areca more energy ellicient. In particular examples, the sys-
tems 100, 200, 300 can estimate the energy savings that may
be achieved through various measures, such as the installation
of isulation, installation of energy eflicient windows, or
repair of leaky air ducts.

[0102] The disclosed systems, particularly those linked to a
remote server 170, may be used to present the user with offers
from merchants or service technicians. For example, a com-
pany may advertise a new, more eflicient refrigerator to a user
through the system. In particular examples, the user’s data 1s
shared with such merchants and technicians so that the adver-
tisements or solicitations are tailored to the user. For example,
a user whose data indicates an appliance 1s 1n need of repair
may receive advertisements from a service technician in the
user’s area. In particular aspects, the user may choose to
subscribe to a service plan and a service technician may
automatically be dispatched when the system indicates a load
1s 1n need of repair. In particular examples, a user can choose
whether to recetrve such solicitation, or whether to share their
data.

[0103] In certain aspects, the systems 100, 200, 300 are
used to control or set load use based on the user’s cost pret-
erences. For example, the system 100 can provide a thermo-
stat setting that will yield a particular monthly energy cost.
The user may also be presented with a range of temperature
options and their associated costs. The user may manually set
or program the thermostat. In further examples, the systems
100, 200, 300 are in communication with the thermostat and
automatically control the thermostat in accordance with a
user’s energy or cost preferences.

[0104] Insome implementations, the thermostat 1s capable
of variably heating or cooling different sub-areas of a moni-
tored site, such as different rooms 1n a house or hotel. In one
example, a user can manually set different heating or cooling
programs for the sub-areas. In another example, the systems
100, 200, 300 automatically adjust utility use based on pro-
grammed conditions. For example, an absence of utility con-
sumption 1n a particular room may indicate that it 1s unoccu-
pied. Accordingly, the systems 100, 200, 300 may adjust the
heating or cooling to that room to use less energy. If utility
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consumption subsequently indicates the room 1s occupied,
the systems 100, 200, 300 appropriately adjust the heating or
cooling to the room.

[0105] Thesystems 100, 200, 300, in further embodiments,

function as a security system. Unexpected patterns of utility
consumption can indicate energy siphoning or unauthorized
access from or to the monitored area. For example, a user can
indicate that he or she 1s going on vacation so that the system
100, 200, 300 expects mimmal energy consumption. In some
examples, energy consumption above the minimal level trig-
gers an alarm or notifies law enforcement authorities, or a
security company.

[0106] In certain aspects, the present disclosure 1s used to
schedule utility use based on variable rates. For example, a
utility may be priced lower at off-peak hours. A user may
program the system to activate or change utility consumption
based on such rate data. In a particular implementation, the
system automatically switches utility consumption, when
possible or according to a program, such as a user defined
program, to ofl-peak times.

[0107] Some embodiments of the present disclosure allow
a user to monitor, and attempt to mitigate, their utility con-
sumption and its associated environmental consequences. For
example, the system may display both the actual utility cost of
the user’s behavior and the predicted environmental cost of
their behavior. For example, the user may be presented with
the monetary cost required to abate the environmental dam-
age associated with their utility consumption. Even 1f the user
1s not concerned by the cost of their utility consumption, they
may wish to mitigate environmental damage. The system may
present the user with options to both reduce their utility con-
sumption and ways to reduce the environmental conse-
quences of their actions. In certain situations, a user may wish
to pay more for some utilities 1n order to reduce the environ-
mental consequences of their actions.

[0108] Although the present disclosure generally describes
apparatus, systems, and methods for monitoring utility con-
sumption, the present disclosure may also be applied to utility
generation. For example, a monitored arca may receive
supplemental electrical power from solar cells. The systems
100, 200, 300 are, 1n certain implementations, configured to
regulate power drawn from the supplemental source and the
main source, such as drawing power from the main source to
make up for any shortfall in the amount generated by the
supplemental source. In further implementations, the systems
100, 200, 300 measure an amount of power generated by the
supplemental source and transierred to a main power grid, as
a user may recetve payment for such generated power.

[0109] The systems and methods of the present disclosure
can provide a number of advantages. One such advantage 1s
that utility consumption information can be immediately pro-
vided to a user. Such a configuration can be advantageous
compared to other systems which periodically upload data to
a remote data collection site for processing. In particular
embodiments, presently disclosed systems continuously pro-
vide data to a user iterface, allowing the user to immediately
view current utility consumption data. Because aspects of the
present disclosure allow a user to track utility consumption
associated with particular loads, such as appliances, the user
can make informed decisions about their utility consumption.

[0110] Itis to be understood that the above discussion pro-
vides a detailed description of various embodiments. The
above descriptions will enable those skilled 1n the art to make
many departures from the particular examples described
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above to provide apparatuses constructed in accordance with
the present disclosure. The embodiments are illustrative, and
not intended to limait the scope of the present disclosure. The
scope of the present disclosure 1s rather to be determined by
the scope of the claims as 1ssued and equivalents thereto.

We claim:

1. A utility momtoring method comprising:

acquiring electricity consumption data from a plurality of

circuits;

transmitting the electricity consumption data to a user

device;

applying disaggregation algorithms to the electricity con-

sumption data to identify individual sources of electric-
ity consumption in the electricity consumption data;
accessing a local appliance load library;

identifying one or more appliances associated with the

identified individual sources of electricity consumption
based on the application of the disaggregation algo-
rithms and the accessing of the local appliance load
library; and

displaying electricity consumption data for each of the

identified appliances on a display screen in communica-
tion with the user device.
2. The utility monitoring method of claim 1, wherein the
local appliance load library 1s maintained at the user device.
3. The utility monitoring method of claim 1, wherein the
local appliance load library 1s maintained at a remote server.
4. The utility monitoring method of claim 1, further com-
prising:
transmitting local appliance data obtained 1n connection
with the identification of the one or more appliances
across a computer network to a remote server; and

updating a remote appliance load library maintained at the
remote server based on the transmitted local appliance
data.

5. The utility monitoring method of claim 2, further com-
prising:

accessing a remote appliance load library maintained at a

remote server across a computer network and updating
the local appliance library maintained at the user device
with information contained 1n the remote appliance load
library.

6. The utility monitoring method of claim 3, wherein the
remote appliance load library maintained at the remote server
1s updated based on local consumption data transmitted to the
remote server by a plurality of user devices.

7. The utility monitoring method of claim 1, wherein the
identification of the one or more appliances associated with
the 1dentified individual sources of electricity consumption
further comprises performing a training session by receiving
user mput regarding an operational state of the i1dentified
appliances.

8. The utility monitoring method of claim 7, further com-
prising;:

transmitting data from the training session across a coms-

puter network to a remote server; and

updating a remote appliance load library maintained at the

remote server based on the transmitted training session
data.

9. The utility monitoring method of claim 1, wherein the
acquiring and transmitting of the electricity consumption data
from the plurality of circuits comprises providing one or more
clectricity meters in communication with each of the plurality
of circuits and transmitting the electricity consumption data
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to the user device via one or more power line modems or
wireless transceivers associated with the electricity meters.

10. The utility monitoring method of claim 9, wherein at
the one or more electricity meters comprise multiple moni-
toring channels with each channel being 1n communication
with a current sensor and voltage sensor attached to a circuit
ol a monitored area.

11. A utility momtoring method comprising:

acquiring electricity consumption data from a plurality of
clectricity monitors in communication with a plurality
of electrical sources 1in a monitored area;

transmitting the electricity consumption data to a server;

applying disaggregation algorithms to the electricity con-
sumption data to identily individual sources of electric-
ity consumption 1n the monitored area; and

training the server to recognize the identified individual
sources of electricity consumption by receiving user
input through a network connected interface regarding
an operational state of the identified appliances.

12. The method of claim 11, wherein the server 1s remote.

13. The method of claim 11, wherein the server 1s local.
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14. The utility monitoring method of claim 11, further
comprising displaying electricity consumption data for each
ol the identified appliances on a display screen of the network
connected interface.

15. The utility monitoring method of claim 11, further
comprising;

transmitting local appliance data obtained 1n connection

with the act of training across a computer network to a
remote server; and

updating a remote appliance load library maintained at the

remote server based on the transmitted local appliance
data.

16. The utility monitoring method of claim 13, wherein the
act of 1dentifying one or more appliances comprises access-
ing a local appliance load library maintained at the server.

17. The utility monitoring method of claim 16, further
comprising accessing a remote appliance load library main-
tamned at a remote server across a computer network and
updating the local appliance library with information con-
tained 1n the remote appliance load library.

18. The utility monitoring method of claim 17, wherein the
remote appliance load library maintained at the remote server
1s updated based on local appliance data transmitted to the
remote server by a plurality of local servers.
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