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APPLICATIONS OF NON-INTRUSIVE LOAD MONITORING
AND SOLAR ENERGY DISAGGREGATION

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application Serial No.

61/904,608 filed on November 15, 2013 entitled "Solar Energy Disaggregation Techniques

for Whole-House Energy Consumption Data." This application also claims priority to U.S.

Provisional Patent Application Serial No. 61/754,436 filed on January 18, 2013, entitled

"Novel Applications Using Appliance Load Profiles Generated from Non-Intrusive Load

Monitoring."

BACKGROUND OF THE INVENTION

[0002] The present invention is generally directed to systems and methods of non-

intrusive appliance load monitoring ("NIALM"). Specifically, the present invention is

directed to different techniques for disaggregating low resolution data to determine certain or

specific appliance usage.

[0003] Appliance load monitoring is an effective way to communicate to users the

amount of energy usage required by various appliances. Presenting users with such

information in an understandable format allows users to take appropriate action to actively

reduce total energy consumption. Moreover, providing itemized information per specific

appliance also permits users to determine if acquiring a new or replacement appliance (for

example, through purchase, lease, or rental) would reduce energy costs sufficient to validate

the price of purchase, lease, or rental. NIALM enables the breakdown of electricity usage for
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a property without entering the property or applying any sub-metering devices on the

individual appliances/dev ices/loads inside the property. In general, NIALM is known in the

prior art. For example, U.S. Patent No. 4,858,141 to Hart et al. ("Hart") discusses basic

techniques for performing NIALM. Hart teaches generating and using appliance load

signatures to extract information for individual loads from whole property load profile data

measured by the utility meter. As taught by Hart, information extracted from the utility meter

may comprise: power consumption; times when the appliance/load was turned on and off;

and appliance/load health.

[0004] There has been research in the area of NIALM and various papers have been

published on techniques used to define load signatures and run pattern recognition algorithm

on the load profile of the property under inspection. Typically, a software analysis is

performed on past data collected Therefore such prior art techniques may be useful in

breaking down the energy usage or itemizing the electric energy bill post-consumption, but

fail to provide near real-time information that may immediately empower users to modify

their energy usage. With regard to appliances such as heating or air conditioning - for which

usage is based upon immediate conditions - such data of previous usage may provide limited

assistance in modifying present behavior and usage.

[0005] However, prior art techniques generally fail to account for an input that may be

provided by home-installed power generating devices - specifically, solar panels. Yet, the

inclusion of such information is desirable in order to provide more accurate results and to

assist both utilities and consumers reduce energy consumption, peak load and renewable

allocation, and increase utility operational effectiveness. In addition, even if a consumer

does not have a home equipped with power generating devices, such as solar panels,
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techniques that include solar panel calculations may be desirable in order to provide actual,

home-specific, information to a consumer of the potential impact such devices may have on

the consumer's home and energy usage.

[0006] Moreover, prior art techniques and methodologies may provide users with some

basic information regarding their power consumption - but fail to provide the user with any

additional advice or counseling as to how to effectively use the information to reduce energy

consumption. Rather, the user is left with the notion that he or she should simply use

particular appliances less often. This information is relatively meaningless with regard to

appliances that users generally must use - for example, refrigerators, electric ranges, washing

machines, dryers, etc. In addition, with regard to economic efficiency, the time of energy

usage may dictate the cost of such usage. For example, during peak energy usage times,

utility companies may charge increased rates than during low usage times. Merely changing

the time of day a particular appliance is used may result in significant cost savings.

SUMMARY OF THE INVENTION

[0007] Some aspects in accordance with some embodiments of the present invention

may include aspects in accordance with some embodiments of the present invention may

include a method for remotely setting, controlling, or modifying settings on a programmable

communicating thermostat (PCT) in order to customize settings to a specific house and user,

comprising: receiving at a remote processor information entered into the PCT by the user;

receiving at the remote processor: non-electrical information associated with the specific

house or user; and energy usage data of the specific house; performing by the remote

processor energy disaggregation on the energy usage data; determining by the remote
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processor a custom schedule for the PCT based upon the information entered by the user, the

non-electrical information associated with the specific house or user, and disaggregated

energy usage data; revising by the remote processor, the custom schedule for the PCT based

upon additional user input or seasonal changes; providing the custom schedule for the PCT to

the PCT.

[0008] Some aspects in accordance with some embodiments of the present invention may

include a method for remotely setting, controlling, or modifying settings on a programmable

communicating thermostat (PCT) in order to customize settings to a specific house and user,

comprising: receiving at a remote processor information entered into the PCT by the user, the

information comprising temperature set points and start and end times, the information

received via a network connection between the PCT and the processor; receiving at the

remote processor: non-electrical information associated with the specific house or user, non-

electrical information received from a plurality of information sources, including publicly

available database and weather data; and energy usage data of the specific house, received

from a utility, Smart Meter, or measuring device; performing by the remote processor energy

disaggregation on the energy usage data, the energy disaggregation comprising determining

any contribution from solar panels and adjusting for such contribution; determining by the

remote processor a plurality of custom schedules for the PCT based upon the information

entered by the user, the non-electrical information associated with the specific house or user,

and disaggregated energy usage data; revising by the remote processor, the custom schedule

for the PCT based upon additional user input or seasonal changes; providing the custom

schedule for the PCT to the PCT.
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[0009] Some aspects in accordance with some embodiments of the present invention may

include a method for remotely setting, controlling, or modifying settings on a programmable

communicating thermostat (PCT) in order to customize settings to a specific house and user,

comprising: receiving at a remote processor information entered into the PCT by the user;

receiving at the remote processor: non-electrical information associated with the specific

house or user; and energy usage data of the specific house; performing by the remote

processor energy disaggregation on the energy usage data; determining by the remote

processor one or more custom schedules for the PCT comprising an active schedule that is

implemented by the PCT when the specific house is determined to be occupied, a passive

schedule that is implemented by the PCT when the specific house is determined to not be

actively occupied, and/or a not-at-home schedule, that is implemented by the PCT when the

specific house is determined to not be occupied, the customer PCT schedules based upon the

information entered by the user, the non-electrical information associated with the specific

house or user, and disaggregated energy usage data; revising by the remote processor, the

custom schedule for the PCT based upon additional user input or seasonal changes; providing

the custom schedule for the PCT to the PCT.

[00010] These and other aspects will become apparent from the following description of

the invention taken in conjunction with the following drawings, although variations and

modifications may be effected without departing from the scope of the novel concepts of the

invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0001 1] The present invention can be more fully understood by reading the following

detailed description together with the accompanying drawings, in which like reference

indicators are used to designate like elements. The accompanying figures depict certain

illustrative embodiments and may aid in understanding the following detailed description.

Before any embodiment of the invention is explained in detail, it is to be understood that the

invention is not limited in its application to the details of construction and the arrangements

of components set forth in the following description or illustrated in the drawings. The

embodiments depicted are to be understood as exemplary and in no way limiting of the

overall scope of the invention. Also, it is to be understood that the phraseology and

terminology used herein is for the purpose of description and should not be regarded as

limiting. The detailed description will make reference to the following figures, in which:

[00012] Figure 1 depicts exemplary sources and resolution of data sets that may be used in

systems and methods in accordance with some embodiments of the present invention.

[00013] Figure 2 illustrates an exemplary net power signature over a three (3) day period,

in accordance with some embodiments of the present invention.

[00014] Figure 3 illustrates an exemplary solar power signal over a three (3) day period, in

accordance with some embodiments of the present invention.

[00015] Figure 4 depicts an exemplary flow for a training and prediction algorithm, in

accordance with some embodiments of the present invention.

[00016] Figure 5 illustrates an exemplary graph indicating predicted solar power and

ground truth solar power for a tested home, in accordance with some embodiments of the

present invention.
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[00017] Figure 6 depicts an exemplary scenario combining both energy efficiency and

demand response goals in a solution, in accordance with some embodiments of the present

invention.

[00018] Figure 7 illustrates an exemplary scenario combining both energy efficiency and

demand response goals in a solution, in accordance with some embodiments of the present

invention.

[00019] Figure 8 illustrates an exemplary interaction between energy use data and a

programmable communicating thermostat (PCT), in accordance with some embodiments of

the present invention.

[00020] Figure 9 depicts an exemplary algorithm illustrating an interaction between

energy use data and a programmable communicating thermostat (PCT), in accordance with

some embodiments of the present invention.

[00021] Before any embodiment of the invention is explained in detail, it is to be

understood that the present invention is not limited in its application to the details of

construction and the arrangements of components set forth in the following description or

illustrated in the drawings. The present invention is capable of other embodiments and of

being practiced or being carried out in various ways. Also, it is to be understood that the

phraseology and terminology used herein is for the purpose of description and should not be

regarded as limiting.

DETAILED DESCRIPTION

[00022] The matters exemplified in this description are provided to assist in a

comprehensive understanding of various exemplary embodiments disclosed with reference to
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the accompanying figures. Accordingly, those of ordinary skill in the art will recognize that

various changes and modifications of the exemplary embodiments described herein can be

made without departing from the spirit and scope of the claimed invention. Descriptions of

well-known functions and constructions are omitted for clarity and conciseness. Moreover,

as used herein, the singular may be interpreted in the plural, and alternately, any term in the

plural may be interpreted to be in the singular.

[00023] Note that while the preceding and following disclosure primarily discusses

monitoring and reporting electric usage, it is fully contemplated by the applicants that such

systems and methods disclosed herein may also be used to monitor other types of energy

consumption - for example natural gas, propane, and water consumption.

[00024] As stated above, the present invention is generally directed to novel applications

of non-intrusive appliance load monitoring and solar energy disaggregation. Note that the

solutions set forth in the present invention that are directed or include solar energy

disaggregation are also applicable to consumers who are not equipped with solar generation,

as such solutions may provide unequipped consumers with data and information relating to

potential energy savings under various levels of solar capacity. Such information may assist

consumers in identifying any potential and optimal solar panel installation.

[00025] The systems and methods of the present invention are unique over the prior art for

a number of reasons. For example, the present invention is capable of predicting solar output

on unseen homes using training data from different locations around the world. This

predictive model may be applicable to locations other than where it was trained. For

example, a model may be trained on the west coast of the United States (e.g., California), but

may be used to predict solar output on the east coast of the United States (e.g., Connecticut).
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[00026] Moreover, disaggregation models in accordance with some embodiments of the

present invention may be used to derive solar capacity for a specific home by reviewing and

analyzing a historical net power signature of the home. Such models may not require any

special hardware to be installed at or on the home to predict such solar capacity. For

example, such disaggregation models may determine that solar capacity may be a function of

the square footage and orientation of the solar panels, without requiring actual input of either

variable.

[00027] Techniques for energy disaggregation may be determined and/or impacted by the

type of data and/or how the data is obtained or accessed. For example, data types may

include power signals, or meteorological data or conditions. Power signals may be obtained

in low frequency or high frequency samples. Low frequency data may be sampled - for

example - hourly, while high or higher frequency data may be sampled - for example - each

minute. Meteorological data or conditions may include information such as, but not limited

to, (i) skycover or cloud cover (which may be set forth as a percentage or ratio of cover to

clear sky); (ii) temperature; (iii) wind-speed; (iv) dew point; and (v) sunrise/sunset times.

[00028] Data may be obtained and/or accessed in various manners. For example, a current

clamp (CT clamp) may be utilized. The use of two (2) CT clamps may generally be required,

with one CT claim positioned at or proximate to the net meter (which may indicate net power

draw for the house), and a second CT clamp positioned at or proximate to the solar system

(which may indicate power captured and contributed by the solar system). Alternatively,

energy usage data may be obtained from Green Button (an industry effort to provide

transparent energy usage data, which is generally provided in hourly intervals); from Smart

Meters - for example using a Smart Meter Home Area Network channel; from a Zigbee
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connection (which, utilizes data captured by the Zigbee alliance that sets forth energy

consumption data); or from a direct connection to a solar company, for example through the

use of an application programming interface (API) that connects with a solar company to

obtain energy data (either net usage or solar contribution).

[00029] Based upon various combinations of data sets, different techniques may be used

to disaggregate the data. Exemplary data sets in accordance with some embodiments of the

present invention may be seen in Figure . Current government policies and the consumer

attitudes are driving the electric, gas and water utilities to make the consumer energy, water

and gas consumption data available. This information may be used by the consumers or

consumer authorized third parties for specific presentation and analytics. At least one goal of

the availability of such information is to empower consumer with actionable information and

influence consumer behavior to participate in energy saving actions.

[00030] Yet, the consumption data collected by utilities may not always have the highest

resolution and therefore information may be lost when the data is sampled. For example, this

may result when data is collected at large time intervals or low frequency sampling.

[00031] However, utilizing methods and systems disclosed herein and according to some

embodiments of the present invention, the consumption data captured by utilities may be

analyzed, possibly with the aid of separately collected high resolution data. The analytics

generated and results or conclusions may be applied to the low resolution data, therefore

making it possible to help consumers save energy on a larger scale. This may be

accomplished even though the data from utilities alone may not include information specific

enough to generate same analytical results.
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[00032] With reference to Figure 1, sources of data 100 and exemplary resolution of such

data 200 will now be discussed. Sources of data 100 may vary, and may comprise elements

such as: information from a processing utility 110 (which may be thought of as "back office"

information, or information that is used by the utility typically for billing purposes, note that

customer consent is likely need to obtain this information); information from a utility web

site 120 (for example a customer may download account information and provide the same;

alternatively, the customer may provide a third party with access and the third party may

"scrape" the website of the utility); directly from the smart meter if there is a home area

network 130; an additional, consumer installed, meter or usage sensor 140; an additional

meter or usage sensor installed by a third party (not the utility) 150; or any other sort of data

input 160.

[00033] The resolution of the data 200 may, in general, be divided into three categories of

high resolution 210, medium resolution 220, and low resolution 230. High resolution data

210 may be sampled at a higher frequency, for example every millisecond or microsecond.

Medium resolution data 220 may be sampled at a frequency of around every few seconds.

Low resolution data 230 may be sampled at a low frequency, for example every several

minutes or every hour.

[00034] In order to provide reliable, reasonably specific NILM on low frequency data,

several overarching techniques may be used. For example, a first technique may comprise

estimating a portion of energy from the whole house waveform that is attributed to a specific

appliance category. Some appliances - for example: pool pumps, air conditioners, furnaces,

etc. - may be able to be culled out of the whole house waveform. A second technique may
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be to use a training set to assist the system in learning the energy consumption patterns of

various appliance categories in relation to specific signatures and/or parameters.

[00035] In order to properly "train" a system to disaggregate results from low resolution

data, training data may be utilized. Training data may comprise a data set with medium or

high resolution, and comprising information required to process non-intrusive load

monitoring ("NILM") in order to extract information associated with individual appliances.

[00036] In contrast to the training data, actual data (or "test data") may comprise a low

resolution data set that may not have sufficient content to process NILM algorithms. Such

test data may be used to process high-level analysis, but results are generally inferior to

analyses that process medium or high resolution data.

[00037] Note that training data can be data received from the actual home in question - for

example, through user training directed at specific appliances in the home - or can be data

associated with any number or plurality of other homes, neighborhoods, communities or

other information. For example, in order to obtain more accurate results, a user can train

appliances in his or her home. This data directly corresponds to the appliances used in the

home. Accordingly, even when low resolution data is received, medium or high resolution

training data provided by the user can be used to determine individual and/or specific

appliance load profiles.

[00038] Alternatively, a user may not undergo the time or effort of training, instead relying

upon a larger database of both non-electric data and training data received from others. In

this situation, various features of the user's home (which may, for example, be identified

through the use of non-electrical data, such as square footage, age of construction, heating or

cooling degree days, etc.) may be identified in the training data.
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[00039] Groupings of the training data may be utilized to provide a feature classification

based upon the most comparable data. For example, home size may provide grouping. Data

associated with a 1200 square foot home may not provide sufficiently comparable data to

determine the load on a heating or cooling system used in a 4500 square foot home.

Similarly, homes built during the same time period in the same geographic area are likely to

have comparable insulation. Even the number of residents of a home may provide

information useful in grouping the data. A home with two adults and five children will

generally require laundry machines to run more often than single-person homes. Homes with

pools may require the use of a periodic pool pump. Each of these features can be associated

with stored training data.

[00040] Accordingly, low resolution data can be processed through a trained classifier or a

regression model to determine the likely presence and operation of one or more specific

appliances. The use of a trained classifier and/or regression model is discussed in further

detail below.

Techniques Used for Low Frequency Consumption Data

[00041] When using low frequency whole-house energy consumption data, the energy

contribution of solar panels must be determined and disaggregated. Such disaggregation may

be based upon meteorological data. In general, such determination may be made by (i)

estimating the solar panel capacity for a specific home; (ii) predicting the solar intensity of

the specific home; (iii) based upon the capacity and intensity, predicting solar generation; and

(iv) disaggregating the solar energy produced from the low frequency whole-house energy

consumption data.
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[00042] In accordance with some embodiments of the present invention, certain

techniques for disaggregating low frequency energy consumption data that includes solar

panel generation will now be discussed. With reference to Figure 2, an exemplary net power

signature for a specific home over a three (3) day period can be seen. This exemplary net

power signature represents the net usage of the home, including any contribution from solar

panels. Figure 3 indicates an exemplary solar power signal over the same three (3) day

period. It can be seen from the net power curve in Figure 2 that the net power becomes

negative between sunrise and sunset. Similarly, in Figure 3 it can be seen that the solar

power signal is generally represented by a single major curve per day, between sunrise and

sunset.

[00043] Solar Panel Capacity Estimation . Solar panel capacity may be defined as the

maximum output of solar panel in kilowatts (kW). This capacity may generally be estimated

by examining historical net power signatures. Based upon historical net power signatures,

Solar Capacity may be determined by the following equation:

SolarCapacity = -1 x (Baseload - min(DayNet))

[00044] Where "Baseload" equals the lower 20th percentile of net power used by a home

during the night (i.e., when there is no or negligible solar contribution), and "DayNet" equals

the net power from sunrise to sunset (i.e., appliance consumption minus solar generation).

[00045] Note that the signal of the solar panel is always negative since it produces energy.

Solar power is generated the most during the day causing the net power signal to become

negative. The minimum of net during the day cannot be deemed alone to be the solar
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capacity, since there are generally other appliances being used during the day which may

cause the net power to be generally higher than the solar power generated. Accordingly, a

Baseload may be calculated as the lower 20th percentile of the net power during the night

when solar power is not present. This lower 20th percentile represents that twenty (20)

percent of the appliances active during the day are also active during the night. The use of the

20th percentile was determined through a grid search and produces greater accuracy when

comparing ground-truth solar capacity and estimated capacity.

[00046] Solar Intensity Prediction . Next, a regression model may be trained with weather

data and the number of hours from sunrise to sunset as one or more independent variables,

and solar intensity as the dependent variable.

[00047] Solar intensity may be seen as the normalized version of solar generation, and

may be stated in the range from 0 to 1. Normalization of the dependent variable may be

desirable when using a regression model, because it generally permits or allows the model to

be easily trained. In accordance with some embodiments of the present invention, a radial

basis function (RBF) support vector machine combined with RBF neural networks may be

used. RBF support vector machine and RBF neural networks are machine learning

algorithms that may create highly complex non-linear models.

[00048] While various other machine learning models and algorithms may be utilized

without deviating from the present invention, RBF models may be selected because such

models strive to fit Gaussian curves to the data, and is accordingly suited for Gaussian-

shaped solar panel generation curves. Such Gaussian-shaped solar panel generation curves

may be seen in Figure 3.

[00049] Machine learning models may then be optimized in any number of ways as



U.S. Non-Provisional Utility Patent Application
Filed 20 January 2014

Attorney Docket No. ES.53.01 .US
Customer No. 94551

known in the art. For example, optimization may be performed by obtaining optimal model

parameters, 10-fold cross validation, and regularization. For example, models learned based

upon data collected over a year for one hundred (100) homes, and were tested upon

approximately twenty-five (25) homes to confirm results. Support Vector Machines and

neural networks achieved desirable results when given a large amount of training data. Solar

intensity testing predictions were accurate - and were recorded at higher accuracies than

previous testing - despite training data being obtained from various homes in different parts

of the world.

[00050] Solar Generation Prediction . With reference to Figure 4, an exemplary flow for

training and predicting solar generation based upon low frequency consumption data, in

accordance with some embodiments of the present invention, will now be discussed. At 410,

a preprocess may be applied to the data set, for example to remove outliers and clean the data

from identifiable noise. At 420 a support vector machine (SVM) and neural network (NN)

model may be trained (as noted above) with previously acquired data. At 430 solar and

weather data may be normalized, and a 440 a solar intensity may be determined. Solar

intensity may be based upon the prediction model coupled with identifiable weather features.

In addition to solar intensity at 440, at 450 a solar capacity may be determined, based upon

the equation noted above. Based upon both the solar intensity and the solar capacity, at 460

the solar generation may be predicted.

[00051] Based upon the earlier results of the estimated capacity and determined solar

intensity prediction, solar generation prediction may be obtained by multiplying the

estimated capacity with the solar intensity prediction. The prediction is now transformed

back to the W range. With reference to Figure 5, an example of a predicted solar panel
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generation and ground truth generation for a specific home, in accordance with some

embodiments of the present invention is depicted.

[00052] Solar Energy Disaggregation . Finally, predicted solar generation may be

subtracted from the net power of the specific home, thereby disaggregating the contribution

of solar energy from the low frequency whole-house energy consumption data.

Techniques Used for High Frequency Consumption Data

[00053] While high frequency data may be useful in providing more accurate energy

predictions, high frequency energy consumption data may include an increase in noise, and

may be more difficult to correlate meteorological data (which is generally very low

resolution) with such high frequency data.

[00054] Solar Signal and Appliance Signal Differentiation . With high frequency data

sampled at the one minute level, solar power may be quite noisy. For example, the curve of

solar power contribution generated for an exemplary day may include several spikes (for

example, due to constantly changing meteorological conditions such as cloud cover). Such

spikes may not be merely smoothed, since while spikes may be caused by weather

fluctuations, they may also be caused by an appliance being used at the same time.

Accordingly, techniques may be desirable that may differentiate spikes from solar signals

caused by weather or by appliance usage. In accordance with some embodiments of the

present invention, techniques of differentiating such spikes may comprise: (i) identifying

correlations between weather and spikes in the data; (ii) establishing spikes caused by

weather; (iii) determining features used in appliance usage by using waveform characteristics

and transitions; (iv) training a classification model with two (2) classes: weather caused
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spikes and appliance usage spikes; and (v) performing disaggregation only on spikes that are

not determined to be caused by weather.

[00055] Solar Energy Prediction and Disaggregation . Weather features may then be

extrapolated from data sampled hourly or by the minute. The solar energy prediction

algorithm and models discussed above with low frequency energy data may then be used to

accurately predict solar energy contribution, which may then be deducted from the net power

in order to obtain solar energy disaggregation.

Applications of Disaggregated Energy Data

[00056] Once energy is disaggregated, there are various uses to which such information

can be used. For example, such information may be used to (i) provide a solution combining

both energy efficiency and demand response; (ii) interact with a programmable

communicating thermostat (PCT) for a consumer's benefit; (iii) enable targeted outreach to

specific consumers or specific classes of consumers (for example, based upon usage

characteristics); and (iv) provide measuring and verification of purported or promised

benefits - both from utilities and from other service providers (for example, to track the

actual contribution of solar panels, or to determine if appliances are obtaining promised

energy usage levels). Each of these are discussed in turn below.

[00057] (i) Combining Energy Efficiency and Demand Response . Many utilities, today,

offer Demand Response and Energy Efficiency as two separate programs to consumers.

Consumer adoption of Demand response programs is low, potentially because, in most cases,

consumers do not see any ongoing benefit from the program. Utilities on the other hand may
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be able to reduce peak load and therefore avoid blackouts when the generation capacity is

close to peak demand.

[00058] The current investment by utilities in the Smart Meter infrastructure may allow

use of Energy Disaggregation to create a holistic solution that benefits both for consumers

and utilities - energy savings for consumers (and utilities with efficiency mandates) and load

reduction for utilities.

[00059] While a Programmable Communicating Thermostat (PCT) is often seen by some

to be the most obvious device in the house that can serve the application, other devices may

(for example a load control switch with a capability to talk to Smart Meters) be used instead

of a PCT to realize the combination of energy efficiency and demand response. In addition,

such application may also be implemented by combining multiple devices in the house.

[00060] Hardware involved may include: (a) a smart meter installed by the utility; and (b)

a programmable communicating thermostat (PCT) that includes one or both of: a

communicating chip capable of talking to Smart Meter (using ZigBee as an example in this

invention description but the invention spirit is not limited to ZigBee); and/or a

communicating chip capable of talking to internet (can be through the broadband router

available in the house or through a cellular connection or through any future communication

technologies) (using WiFi as an example for reference in the invention).

[00061] As shown in Figure 6, a programmable communicating thermostat may be used

with ZigBee and WiFi, in accordance with some embodiments of the present invention. With

regard to energy efficiency goals, a consumer may use a PCT with both ZigBee and WiFi

interface. The energy use data may be collected from Smart Meter and uploaded to internet
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based servers using the WiFi Connection. The consumer may access the whole house energy

efficiency solution based on energy disaggregation through web and mobile applications.

[00062] With continued reference to Figure 6 a system in accordance with some

embodiments of the present invention may comprise a series of a utility 610 providing

electricity or other services to a home 670. As the energy enters the home 670, a ZigBee or

other HAN 620 may measure the energy provided. A PCT 630 may in communication with

the ZigBee 620, as well as in communication with a web or mobile application 660 that may

assist in managing energy usage. The PCT 630 may be connected to the web or mobile

application 660 via a WiFi or Ethernet connection to a router 640, and/or through an internet

server or cloud based server 650.

[00063] Therefore, a demand response signal path from a utility may travel from the utility

610 through the ZigBee 620 to the PCT 630, thereby enabling modifications of the PCT

based upon such demand response. Energy usage data path may be between the ZigBee 620,

PCT 630, router 640, internet/cloud 650, and web or mobile application 660. The PCT 630

may operate based on information received from the ZigBee 620 and the router 640.

[00064] With regard to utility demand response concerns, a utility may send a peak

demand reduction signal on a peak usage day either using ZigBee or WiFi. The PCT may

then cut back the energy usage by reducing the cooling/heating cycles or relax the thermostat

set point by a few degrees. Consumers may further program how much cut back they allow

based on their personal preferences or on other ambient conditions.

[00065] As illustrated in Figure 7, a programmable communicating thermostat may be

used with WiFi only, in accordance with some embodiments of the present invention. With

regard to energy efficiency goals, the consumer may use a PCT with WiFi interface only.
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The energy use data may be collected directly from utility servers (sometimes lower

resolution and non-real time compared to using a ZigBee). The information transferred from

PCT (set points, start and end times and indoor temperature drops with respect to outdoor

temperature) helps perform energy disaggregation on the whole house data from utility. The

consumer may access the whole house energy efficiency solution based on energy

disaggregation through web and mobile applications.

[00066] With continued reference to Figure 7 a system in accordance with some

embodiments of the present invention may comprise a series of a utility 710 providing

electricity or other services to a home 770. As the energy enters the home 770, a ZigBee or

other HAN 720 may measure the energy provided. A PCT 730 may in communication with

a web or mobile application 760 that may assist in managing energy usage. The PCT 730

may be connected to the web or mobile application 760 via a WiFi or Ethernet connection to

a router 740, and/or through an internet server or cloud based server 750.

[00067] With regard to demand response, a utility 710 may send the peak demand

reduction signal on the peak demand event day through internet connection to the PCT 730

by way of the internet/cloud 750 and the router 740. The PCT 730 may reduce the energy

usage by reducing the cooling/heating cycles or relax the thermostat set point by a few

degrees. A consumer may further program how much cut back they allow based on personal

preference or on other ambient conditions.

[00068] (ii) Interaction of energy usage data with PCT. This application of energy

disaggregation may provide a two-way benefit. For data collected at very low resolution

where appliance signatures are not very clear, energy disaggregation becomes harder and

loses accuracy. Moreover, there are numerous issues surrounding the use of programmable
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thermostats. For example, according to some studies, most people never program their

thermostat. In addition, even if a PCT is programmed, a consumer's lifestyle is often not as

predictable and simple to fit into the time zones made available by existing thermostats

(wake up, gone to work, come back, sleep - separate for weekdays and weekends).

Moreover, as seasons change, consumer's routines and lifestyles often change - yet again,

PCTs are typically not reprogrammed to reflect such changes.

[00069] In accordance with some embodiments of the present invention, one solution to

the issues raised above is set forth in Figure 8, which sets forth an interaction between energy

use data and a user's PCT. Such an interaction between energy disaggregation and PCT may

help in solving the issues noted above. With reference to Figure 8, a PCT 810 may receive

set point, start and end times, and regular temperature drops from a user. Such collections

may be used to enhance whole-house energy management. Additional information 830 may

be obtained from online or cloud connections. Such information may be used to offer

integrated energy efficiency and demand response, as well as create a personalized PCT

schedule that may provide user eligibility for higher utility rebates.

[00070] Additional information 830 may be electrical and non-electrical information. For

example, weather data 83 1 may be used to modify PCT settings. Social data 832 - such as

information from FaceBook or Twitter - may be used to determine when a user is or is not

present (for example, either out for an evening or on a vacation). Direct home data 833 such

as square footage, date of construction, etc. may be utilized, as well as training data and/or

home specific data that may be captured by a smart meter, green button and/or ZigBee-like

device(s).
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[00071] This additional information 830 may be used, through some of the embodiments

of the present invention discussed above, to contour the PCT schedule to a specific user in a

specific home at a specific time of year.

[00072] The PCT may benefit from the energy data analysis. The energy data

disaggregation may be used to identify the following characteristics following for any

property: (i) "Active Time" - When someone may be inside the property and may be in an

active state (not sleeping); (ii) "Passive Time" - When someone may be inside property but

may be in a passive state (possibly sleeping), and (iii) Not at Home - When no one may be

inside the property.

[00073] To determine the user home status - that is, whether or not a user is home or the

home is otherwise "active" - low activity period and high activity period can be detected by

comparing the energy consumption and frequency of appliance ON/OFF cycles. When the

house is deemed active, appliance traces may assist in identifying human behavior. For

example, an identifiable base-load may be due to incidental usage resulting from occupancy -

- lighting, TV, computer, etc. Moreover, cooking or laundry may be detected, as well as

heating and cooling. Similarly, it can be determined that a water heater is operating in a

manner indicating usage of hot water, rather than a passive mode.

[00074] When the house is not active periods of inactivity may be compared to the local

time. If the passive or not active time continues longer than few days, a determination of

vacation status may be made. Accordingly, various reminders and/or notifications may be

sent to the consumer. For example, if a vacation status is determined, a notice may be sent to

the user reminding the user to lower the thermostat to avoid excess energy usage. Given the

proliferation of programmable communicating thermostats, consumers can often modify
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home settings remotely (for example, through the use of a smart phone or computer

connection).

[00075] Once the house schedule is determined, the house schedule may be used to create

a custom PCT schedule for the house. This custom schedule may then be automatically

downloaded into the PCT. The scheduling may be dynamically updated periodically, for

example every day, week or month based on changes in consumer lifestyle detected by

energy disaggregation. The creation of custom schedule and auto download tackles the issues

described with PCTs earlier in this section.

[00076] The energy disaggregation analysis may benefit from inputs from PCT by

continuously collecting information such as, but not limited to: (i) a set point of the PCT; (ii)

start/end times for identified temperature cycles; (iii) the ambient indoor temperature; and

(iv) consumer intervention of schedule and set points (e.g., when a user lowers the

temperature "on the fly," for example to account for a particularly warm day.

[00077] These parameters may act as important input to the energy disaggregation to make

it more accurate, especially in case where the energy data is collected at a lower resolution

(example Green button data at one hour interval resolution) and may not contain clear

appliance signatures to identify and extract appliance energy use clearly.

[00078] Further, the inputs from PCTs combined with energy data may be used to evaluate

the thermal envelope of the building and identify if it is efficient. The amount of energy

consumed while the heating or cooling is working to get the home indoor temperature to the

set point may assist in estimating the thermal mass of the building and its insulation state.

This, when compared to what an efficient house should be, may present a highly personalized
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recommendations to a user, and can also be used for Measurement and Verification of energy

savings for the home by comparing before and after any major retrofit.

[00079] With reference to Figure 9, an exemplary algorithm 90 for the interaction of

energy usage data and a programmable communicating thermostat will now be discussed. At

905, data may be collected from a smart meter, and such data may be provided to perform

energy analysis at 910. Such data may be also be used to determine that no one is home (i.e.,

the house is in a passive or inactive state) at 9 15, or to modify or refine a schedule of a PCT.

[00080] If it is determined at 9 1 that no one is home, then temporary control of the PCT

may be obtained at 960, in order to prevent excess energy usage. If an energy analysis is

performed at 910, then various PCT schedules may be determined. Such schedules may

include an "Active Lifestyle" schedule 925, a "Passive Lifestyle" schedule 930, and/or a

"Not at Home" schedule 935. These schedules 925, 930, 935 may be utilized to form a

custom PCT schedule at 940. If, at this time, it is determined that no one is at home at 915,

then the process may again revert to 960 where temporary control of the PCT is obtained.

[00081] At 945 the custom PCT schedule may be automatically (or manually) downloaded

to the PCT. The PCT schedules at 920 may be accordingly refined. During usage, a user

may intervene at 950, at which point the PCT and/or the energy usage data may record the

user intervention at 955, and use such information at 920 to again refine the PCT schedule.

Seasonal changes 965 may also be provided as an input in order to refine the PCT schedule.

[00082] In such a manner, the PCT schedule may be continually revised and modified to

conform to the actual usage of the user, including vacation times, seasonal changes, etc.

[00083] (iii) Targeted outreach for utilities . Utilities often run a number of consumer-

oriented programs to save energy and reduce peak load. However, the outreach is not
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typically effective at targeting appropriate consumers, which may result in higher costs and

lower customer adoption. Further, such programs often leave consumers confused due to

receiving a number of different program-specific messages from their utilities, many of

which may be irrelevant or not useful to a particular consumer.

[00084] The energy disaggregation on energy use data collected by utilities for all

customers may provide a unique opportunity to efficiently target specific consumers or

specific groups of consumers for different programs. For example, a utility with five (5)

million users may desire need to implement peak demand reduction in 100,000 homes. In

order to obtain participation from 100,000 homes, the utility may typically need to send out

approximately one (1) million communications (e.g., flyers, emails, etc.), and often has

approximately a 0% customer uptake. With targeted outreach based on energy

disaggregation, the number of communications required to obtain 100,000 participants may

be reduced to a much lower amount, for example, 500,000, thereby potentially increasing the

consumer uptake from 10% to 20%, and accordingly reducing the cost of consumer outreach

by hundreds of thousands or even millions of dollars.

[00085] The utility energy use data may be collected by a utility for all consumers (or a

subset as required by application) may be aggregated or imported into one database storage

system. Similarly, energy disaggregation may be performed on some or all of the data in a

utilities's system. For example, such disaggregation may be performed as set forth in one or

more of the following references, each owned by the applicant and incorporated by reference

in their entirety: U.S. Patent Application 13/366,850, U.S. Provisional Patent Application

61/638,265 - filed April 25, 2012, U.S. Provisional Patent Application 61/542,610 - filed
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October 3, 201 1, U.S. Provisional Patent Application 61/485,073 - filed May 11, 201 1, and

U.S. Provisional Patent Application 61/439,826 - filed February 4, 201 1.

[00086] A custom report for each utility program using energy disaggregation may be

created. For example, for targeting peak demand reduction Smart AC program, the report

may be created with following rules - find customers who use their Air Conditioners or

Heaters during:

i. Day Hours of 12pm - 7:00pm

ii. Days Monday through Friday

iii. Temperature > 80 degrees Fahrenheit

iv. Use greater than a specified amount of kWh per month

v. Use greater than a specified amount of kWh in each day on heating/cooling

vi. Sort the users by zip codes and peak demand attributed to the use of heating/cooling.

[00087] (iv) Measurement and verification . It may be desirable to provide measurement

and/or verification of certain claims, for example promised benefits of utility sponsored

programs. In the past, measurement of the savings/benefits - and therefore verification of a

claim or promise of such savings/benefits - has been based on a variety of techniques.

Generally speaking, very few of these techniques use the energy use data as collected by

utilities. However, with the availability of this data, appropriate analysis of energy use data

before and after any program may make measurement and verification more accurate, faster

and less expensive for utilities.

[00088] The use of energy disaggregation for measurement and verification of a utility

sponsored demand response program may be used as an example in the description below.

However, this is but one an example. The application of energy disaggregation to
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measurement and verification of all other programs is similar and contemplated by the

present invention.

[00089] Method to perform measurement and verification using energy use data in

accordance with some embodiments of the present invention may include: the utility energy

use data collected by utility for all consumers (or a subset as required by application) may be

aggregated or imported into one database storage system. Similarly, the energy

disaggregation may be performed on some or all of the data in the system. For example,

such disaggregation may be performed as set forth above.

[00090] In addition, if required, the reduction in energy (kWh) over a short period of time

may be correlated to the reduction in the peak demand (kW) for specific appliance category

for the house. Similarly, the data may be normalized to remove the fluctuations of weather or

other demographic factors. Moreover, the energy use data for a target set of participating

homes (where each home needed to sign up and is known) or a participating region (where

each house did not need to sign up and could have still participated in the program) may be

compared before and after the program. Only the relevant appliance categories may be

compared (example, for a Smart AC program, only the heating and cooling categories are

compared since other categories do not get affected by the program). Such information may

be used to quantify the benefits or the program based on above comparison.

[00091] It will be understood that the specific embodiments of the present invention

shown and described herein are exemplary only. Numerous variations, changes, substitutions

and equivalents will now occur to those skilled in the art without departing from the spirit

and scope of the invention. Accordingly, it is intended that all subject matter described

herein and shown in the accompanying drawings be regarded as illustrative only, and not in a
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limiting sense, and that the scope of the invention will be solely determined by the appended

claims.
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What is claimed is:

. A method for remotely setting, controlling, or modifying settings on a programmable

communicating thermostat (PCT) in order to customize settings to a specific house and user,

comprising:

receiving at a remote processor information entered into the PCT by the user;

receiving at the remote processor:

non-electrical information associated with the specific house or user; and

energy usage data of the specific house;

performing by the remote processor energy disaggregation on the energy usage data;

determining by the remote processor a custom schedule for the PCT based upon the

information entered by the user, the non-electrical information associated with the specific house

or user, and disaggregated energy usage data;

revising by the remote processor, the custom schedule for the PCT based upon additional

user input or seasonal changes;

providing the custom schedule for the PCT to the PCT.

2. The method of claim 1, wherein the information entered into the PCT by the user

comprises temperature set points, start times and end times.

3. The method of claim 1, wherein the energy usage data is a low resolution whole house

profile provided from a utility.
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4. The method of claim 1, wherein the energy usage data is received from a smart meter or

smart meter home area network.

5. The method of claim 1, wherein the energy usage data is received from one or more of

the group consisting of: a current clamp or other device physically attached to the specific house,

a ZigBee connection, and information received from a solar company.

6. The method of claim 1, wherein the energy disaggregation comprises :

receiving at the processor a low resolution whole house profile;

selectively communicating with a database comprising:

non-electrical information comprising community specific parameters and

specific home parameters; and

training data; and

determining by the processor based on the low resolution whole house profile, the non-

electrical information and the training data, individual appliance load profiles for one or more

appliances, by at least receiving the whole house profile and determining, using a trained

classifier based upon the training data, features present in the whole house profile indicative of

incidences of occurrence and/or usage of the individual appliance.

7. The method of claim 6, wherein the non-electrical training information comprises

information selected from the group consisting of:

weather data for the geographic location of the specific house;

home data of the specific house;
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social data of the users; and

neighborhood characteristics.

8. The method of claim 1, wherein the energy usage data comprises contributions from any

solar panels or devices that may be installed on the specific house.

9. The method of claim 8, wherein the energy disaggregation includes disaggregation of the

solar energy based upon an estimation of solar panel capacity and a prediction of solar intensity.

10. The method of claim 9, wherein an estimation of solar panel capacity is determined based

upon a formula of "SolarCapacity = - 1 x (BaseLoad - min(DayNet))" wherein BaseLoad equals

the lower 20th percentile of net power during night time hours, and DayNet equals net power of

the specific house from sunrise to sunset.

1 . The method of claim 1, wherein the custom schedule for the PCT comprises a plurality of

custom schedules, including:

an active schedule that is implemented by the PCT when the specific house is determined

to be occupied;

a passive schedule that is implemented by the PCT when the specific house is determined

to not be actively occupied; and

a not-at-home schedule, that is implemented by the PCT when the specific house is

determined to not be occupied.
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12. The method of claim 11 wherein the passive schedule is implemented by the PCT during

sleeping hours or during shorter durations of non-active occupancy of the specific house.

13. The method of claim 1, wherein the customized PCT schedule is provided to a utility in

order to provide at least a partial basis for a targeted outreach by the utility.

14. The method of claim 1, wherein the customized PCT schedule is continually modified by

the remote processor based upon user inputs, seasonal changes, and non-electrical information

received by the remote processor.

15. The method of claim 1,wherein the results of the energy disaggregation are provided to

the user or utility in order to support or substantiate claims associated with energy efficiency of

specific appliances or specific programs.

16. A method for remotely setting, controlling, or modifying settings on a programmable

communicating thermostat (PCT) in order to customize settings to a specific house and user,

comprising:

receiving at a remote processor information entered into the PCT by the user, the

information comprising temperature set points and start and end times, the information received

via a network connection between the PCT and the processor;

receiving at the remote processor:



U.S. Non-Provisional Utility Patent Application
Filed 20 January 2014

Attorney Docket No. ES.53.01.US
Customer No. 94551

non-electrical information associated with the specific house or user, non-

electrical information received from a plurality of information sources, including publicly

available database and weather data; and

energy usage data of the specific house, received from a utility, Smart Meter, or

measuring device;

performing by the remote processor energy disaggregation on the energy usage data, the

energy disaggregation comprising determining any contribution from solar panels and adjusting

for such contribution;

determining by the remote processor a plurality of custom schedules for the PCT based

upon the information entered by the user, the non-electrical information associated with the

specific house or user, and disaggregated energy usage data;

revising by the remote processor, the custom schedule for the PCT based upon additional

user input or seasonal changes;

providing the custom schedule for the PCT to the PCT.

17. The method of claim 16, wherein the energy usage data is low resolution energy usage

data, and wherein the energy disaggregation comprises:

receiving at the processor a low resolution whole house profile;

selectively communicating with a database comprising training data; and

determining by the processor based on the low resolution whole house profile, the non-

electrical information and the training data, individual appliance load profiles for one or more

appliances, by at least receiving the whole house profile and determining, using a trained
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classifier based upon the training data, features present in the whole house profile indicative of

incidences of occurrence and/or usage of the individual appliance.

18. The method of claim 16, wherein the plurality of custom PCT schedules balance energy

efficiency and utility demand response.

19. The method of claim 16, wherein the plurality of customized PCT schedules are

continually modified by the remote processor based upon user inputs, seasonal changes, and non-

electrical information received by the remote processor.

20. The method of claim 16, wherein results of the energy disaggregation are used to

measure and verify the results of a specific utility sponsored program , and wherein the results of

the energy disaggregation are used to quantify the benefits of such specific utility sponsored

program.

21. A method of energy disaggregation, comprising :

receiving at a processor a whole house profile of energy usage;

selectively communicating with a database comprising:

non-electrical information comprising information received from a programmable

communicating thermostat (PCT), including:

more temperature set points;

one or more start times and end times of the one or more set points; and

training data; and
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determining by the processor based on the whole house profile, the non-electrical

information and the training data, individual appliance load profiles for one or more appliances,

by at least receiving the whole house profile and determining, using a trained classifier based

upon the training data, features present in the whole house profile indicative of incidences of

occurrence and/or usage of the individual appliance.
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