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The present invention teaches methods of performing appliance itemization based on consumption data, including: receiving at a
processor the data; deten.nimng if the data includes active signals and/or inactive signals; upon detection of an. active signal:
detecting and estimating active water heating consumption and lighting consumption; upon detection of an inactive signal,
detecting and estimating passive water heating consumption, refrigerator consumpiion; and detecting vacation mode. Methods are
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estimation of any lighting, water heating, refrigeration, pool pumps, heating, or cooling appliances; applying mle-based models to
provide detection and estimation of any cooking, laundry, entertainment and/or miscellaneous appliances; wherein the
disaggregation models and the rule-based models provide for a near complete appliance level itemization and estimation.
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(57) Abstract: The present invention teaches methods of performing appliance itemization based on consumption data, including:
receiving at a processor the data; deten.nimng if the data includes active signals and/or inactive signals; upon detection of an. active
signal: detecting and estimating active water heating consumption and lighting consumption; upon detection of an inactive signal;
detecting and estimating passive water heating consumption, refrigerator consumpiion; and detecting vacation mode. Methods are
disclosed of appliance itemization based whole house consumpiion data consumption from an advanced metering inifastructare device,
the data being at 15, 30, or 60 minute intervals, including: applying disaggregation models to provide detection and estimation of any
lighting, water heating, refrigeration, pool pumps, heating, or cooling appliances; applying mle-based models to provide detection and
estimation of any cooking, laundry, entertainment and/or miscellaneous appliances; wherein the disaggregation models and the rule-
based models provide for a near complete appliance level itemization and estimation.
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IMPROVEMENTS IN LOW FREQUENCY
ENERGY DISGGREGATION TECHNIQUES

RELATED APPLICATIONS
[001] This application claims priority to U.S. Provisional Patent Application No.
62/434,992, filed on 15 December 2016, entitled “AMI Disaggregation”.

BACKGROUND

[002] In the residential energy sector, disaggregation is the task of itemizing energy
consumption, attributing that consumption to various appliances throughout a home.
Generally, disaggregation may be performed on data captured the home, without the need to
enter the property.

[003] Once the energy consumption is disaggregated, specific appliance usage or loads,
and trends in customer behavior, may be identified. Presenting users with such information in
an understandable format may allow users to take appropriate action to actively reduce total
energy consumption. Moreover, providing itemized information per specific appliance may
also permit users to determine if acquiring a new or replacement appliance (for example,
through purchase, lease, or rental) would reduce energy costs sufficient to validate such price
of purchase, lease, or rental. Accurate disaggregation may enable personalized and actionable
msights to be presented to a customer, which may positively influence customer engagement

as well as sentiment towards the energy-providing utility.

Date Regue/Date Received 2021-03-10
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{004} Typically, u software analysis is performed on past data vollested Therefore sueh
prioy art technigques may be useful o brosking down the energy usage or Bemizing the electric
energy bl post-consumption, but fal to provide near real-time intormation hat may
smsdiately eropower users 1o modify thelr energy usage. With regard o appliances such as

heating or aly conditioning ~ for which usage s based upon immeodiate condiions - sueh dat

of provieus usage may provide Hmited assistance In modifving present behavior and nsage.

{5 Morenver, most published teehnigoes we data at g high sampling rate {ranging from
one sample every seeond fo one million or more sumples per second). However, several
available sources of energy wse data do not provide such high-resolution data that typieslly
erables specific appliance siguatures fo b extracted. For example, while wiility companies

vollect duta wsage, 1hds is typically perforived for validation of hilling eveles, and ia genemiby

coltestod at v fifteen {13 sdmute or one hour interval, Accordingly, this data is penerally not

specific suough for wost poblished NIALM techuiques to perform o

4

disaggregation and generate a clear apphiance signature.

F006] However, systems and methods in the existing an generally do not provide for

aceurate, actionable disaggregated data based on lower resnlution data, For gxample,
Eaolae

and methods existing in the ant generally do not properly or acourately perform disuggregation

on data received in 1 S-minute, 30-ninute, or hourly tntervals. Such lower-resolution data may
be ehiained from, for example, advanced mietering infrastrachure {AMI) dovices, For sxample,
AMIE may provide sutomated, twoway communicstion between a swart meter ansd o aility.

This may provide interval dati, as well as real-time data,
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o7 Aceordingly, systoms aud methods that can utilize date reeeived fom AMI are
destrable, Move specifically, systeris and methods of disaggregation that can be pertormed on

fonwer resolution data (Tor example, data sampled st [Sosiaute, 30-minute, sudfer bowrly

A

infervals) as recaived from stoart meters over an AMI are desirable,

SUMMARY OF THE INVENTHEN

~

§O0R] Some aspects of the present wvention may inchude a wethod of performing
apptiance Hendzalion based v consumphion data for a whele bouse, comprising: receiving st
a proeessoy the consumption data: determining by the provessor i the consmuption data
inchudes active sigoaly and/or inactive sigoalsy upon detection of an active Sigaall detecting by
the processor, based ot loast in part on the active signal, active water heating, and if active
water Twating is delected, estimating active water benting consumption: deteoting by the

proceasar, based ab least . part on the active signal, Rgbting, and 3F Hghting i3 detetted,

cotimating Habting consumption; upon sdetection of an inactive signal: detecting by the

P

processor, based al least 1 part oncthe nactive signal, passive wader heating, and H deteciad,
estivoating passive watgy hoating consumption; deterting by the procsasor, hased at least in past
on the wmactive stgnal, reftigeration, and o refvigeration s detected, estimating refvigeraior
comspmplion; deteating by the prosessor, based at loast in part on the Inactive sigaal, vacation

mode,

1009 Some aspects of the present Invention may mnchude a3 method of performing

appliance Henuzation based on cowsumption data for a whole honse recvived from an advaneed
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metering intmstructare {AMD device, the consumption dala being of a low resolation

PN

comprising data recgved w filwen (151 minute, thivty (30 mingte, or sixtly 60) mimsge
mtervals, the method conyprising: receiving at a processor the consignption data; determining
by the processor if the consumption data inclndes active signals andfor nactive sigaals: upon
detestion of an active signal deteceting by the prooeases, based at east i part on the aclive
signal, active water beating, and if active water heating Is dewotnd, estimuting active wuter
heating consumption at foast jn part by estimating @ typieal wmoplunde of a water hoster,
behavior modeling, and data smostiing, wherein behavior modeling comprises user-spevific

witeras are musdeled, ncluding aitribuies of time of day and day of week; dewceoting by the

precessor, based at koast in part on the agtive sigual, Hgbting based al leust in part by identifving

ares of consunption i Ume pevtods where hgbting s expected 1o be used, whereln idomtifving
A o 3 B

ares ol conswmption gcomprises: ranoving woseitable dat poinds from the oonsumption date;
cleaning the consumption data osing porcentile filiering, mintmum valpe removal, andfor
smoothing neise removall detecting and removing seasonal Ioads by seleciing thoe points

showing seasonal characteristios wcluding contiguous davs of absence or presgnve when

typraaily occurring Hehting i shsontl extracting a lighting bund, comprising a collection of

thnes i & day at which lighiing ¥ presents I U i defected, estimsting highting

consumption at each data point along with Hghting capacity parameters, tadngs of lighting,
and seasenaiity upon detection of an inactive sigoal defecting by the processor, hased at least
in part on the ingetive signal, psssive water heating boased at kast In part on amplitude
estimation, requency estivoatdon, and emporsture correlation, and i detected, sstimating

passive wiler heating consumption & least I part by estimating tvpies! amphiiude and
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frequency of passtve pulses, determined by a powsr rating of a defscied water heater and the

duration of passive pulses, whereln the duration of passive pulses s a funciion of a

re setfing of the water hewler, muulation of the watge heater, and the outside

3

wenporature; detecting by the processer, based at lesst i part on the inactive signal,
rofrigeration at least in part by analyaing datn dwing low achivily poriads in which repnlar
palses of g refrigeration compressor motor are detevtable, and U refhigernion s detected

ostinmting rofvigerstor consumplion at least o part byr analyzing soveral months of

conswnption data and entifving low agtivity perieds; scoring each low activity poriod for

quality, compiling low activigy porisly that meet a quelity threshold; wsing 8 rograssion
mactine Jearming model to, based on the low aetivity periods that meet the quedity threshold,
predict refrigesation consumption; and detecting by the processor, based s east tn part on the

maetbve sigral, vacation mode by dentifyving muliiple consecntive days of statie, lower-than-

average consumption and providing © a cusfomer an tomibeation of detested appliances and

estimaated consumption for each detested apphian

REE R Some aspects of the present invention may include g method of perforning
appliance Homization basod & logst in part on consumption data for 8 whole house vecedved
from an sdvanced metoring Infrastructure (AMY) device, the consumption data beinyg of & low

resolution comprising data recstved ol {teen (15} minge, thirty (30) minaie, ov sixiy (60)

mingge indervals, the metbod comprising: applying disapgregation madels to the consumption
daga 1o provide dutection and estimation of any prosent lghting sppliances, water heating
appliances, refhigenation appliances, pool pumps, heating applisnnces, or conling sppliances

x

applying rufe-basod models to the consumption dats e provide doteotion and estimation of any
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presend cooking applavces, lmumdry apphiances, entertainment devices or appliances, and
misestianesuy applianves, whorddn the disaggregation models wnd the nde-based moedels
provide for a complele or near conplete apphiance lovel Hemization and estimasion for the
whole house,

fUG1H These and other aspects will become appavent from the following desoription ofthe
vention tsken i confumetion with the following drawings, although vanatony and
maodifications may be effectuated withow departing from the seops of the novel goncepts of

the mvention,

Beiry BrsORprion OF TRE DRAWINGS

jo612 The present invention: can be wore fully uadersiood by reading the following

detailed desoription fogether with the accompanying drawings. i which Bke reference
indicutors are used to desipnate Hhe eloments, The sccompanying Hwwes deptel certaiy
Hlustrative embodiments and way aid in wdensianding the followng delatled deseription.
Refore any embodiment of the nvention is explaned fn detadl, i s 10 be understoad that the
tvention is not Hmited o its application to the detaily of constraction snd the arrangeoonis of
components st forth n the Bllowing desoription or iHlustaed i the doawings, The
emthodiments depicted sve o be wderstond ay exemplary and in no way Hndting of the overall
seope of the wvention, Also, i 1o be understood that the phyasentogy aadicmminslogy nsed
herean v for the purpose of deseription and shoold not be regarded as lwiting, The detudled

deseription will make reference to the following e, inwhicly
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TEHRY Figure 1 depicts, i aceordance with some embodiments of the present vention,
an oxemplary disaggrogation pipoline, or How, showing cxomplary input sources and types of
ouimis.

o014 Pigure 2 depiets, it sccovdance with some embodinents of the present inveation,

an exemplary chagt of Hemiration of applinnces as determined by diss gation and/or a rules

w

hased model.

JOOIS]  Figwre 3 depiols, w accordance with some embodiments of the prosent invention,
an oxemplary graph of abways-on ormirgy usags.
j0016] Figure 4 yilostrates, o accordance with some embodimants of the present invention,
arcexemplary graph of totad onergy corsamption showing space hosler consuaption,

JO1 T Figure § illustirtes, in aceordancs with some embodiments of the prosent invention,

pae

an exomplary graph of total cnorgy consnmption showing ceoling gsage energy consugnption,

{OG18] Fignre 6 dhustrates, in accordancs with some embodiments of the prosent invention,

an exemplary best map showing pool pamp usage.

LSRN Figure 7 dlustrates, inaccordance with somw embodiments of the prosent invention,
an exemplary graph of eonergy usage with fighting usaye indivated theveon,
{00201 Figure § ustratey, i acoordanes with some embodimends of the present invention,

an exemplary graph of enorgy usage with Hghting usage indicuted thereon.

E9c

{021 Frgure 8 HHustrates, nacvovdance with some embodiments of the present invention,

o
&

aun exemplary graph of energy usage of 8 reftigorator, over a day.

HERED 10 jHostrates, i accordanes with some embodiments of the present

invention, an exempdary graph of enerpy msage over a day, indicsted refidgeratoy use,
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{023

Figurs 11 dopivts, n acoordanee
s flow chart Wwdicating an exemplary methodolog

{00241 Figure 12 deptets, in secordance with some

an exgmnplary graph of wne

Led

1o wdentify sefvigerator gsage

{038 Figare 13 iHustratey, i accord

v for Wentifying refrigergtor er

PCT/1IB2017/058441

with some embodiments of the present tnvention,

v usa.

gnbodiments of the present invention,

ey usaye viitized o a shiding window funciion, used at least  part

ance with some embodiments of the present

fvention, an exemplary graph of energy wsage of s water heater, over aday.

Figure 14

invention, an exomplary graph of syergy

nverdion, an exemplay graph o

3

HHEE Figwe 16

H

Sopoed,

invention, an exemplary heatmap showing s

Slpure 17
vention, 8 flowehart of an exemplary
i gecordancs

Figure 1¥ illustratey,

ivention, a heat-map showing an exevaplary visualis

aotive water heater onorg

censemplion.

{0031 Figure 19 Hluatrates, v accordance

mvention, @ Sow chart of an exempla

f0a32] Figure 20 illpsteaies,

tvention, g graph of exeropiary energy usage over amonihy |

Husuates, m asecordance with

Figurs 15 iHustrates, i secordance with soeme

dhastrates, W acvordanee with s

with some

some ewbodhments of the presont

cof g fanh water heater,

cinbodiments of the present

fenergy asage of o tavkless water heater
iilosteates, In accordancs with some cmbodiments of the present

shoduied water hegtor usage.

sonw ombodinents of the present

anproach to defermindng water heater usage.

ermbodiments of the prosen

ion of results, ndicating passive and

with sovne ewmbodiments of e prosem
v mothod of vacation dutection.

i accordancs with somg ombodiments of the prosent

ndicating vacation,
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{0033 Pigure 21 llastrates, in accerdance with some enshodimentis of the present
wvention, g graph of exevoplary ensegy usage over aday, indieating vacation.

(O34 Figure 22 llestrates, in sccordance with some ombodiments of the present
wvention, a graph of exeraplary vacation detection of a refrigerator,

POEASYT Figwee 23 illosteales, I accordance sath some ombodiments of the present

wvention, a graph of exemplary vacation detection of a elevtric water heater and a vefrigerator,

4 depiots, in accordance with some embodimeniy of the present nvention,

ane exempdary precess flow combining slgonithms and mndules for at loast some disaggrogation
hased temization.

{0637 Figure 25 ilhustrates, W accordance with some swbodiments of the presemt
pvention, an exermplacy process flow combining modides for o least some disagaregation
based Heomization with rule based Remization,

FO038E Betore any embodiment of the mvention i3 explaied n detail, #s o beundersiond

that the present wvention is not Hotled i its apphication o the details of corstruciion sad the

arrapgemaents of compononts set forth o the following description o illustrated In the

drawings, The present invention is capable of other smbodiments and of being practiced or
being camed ont in varions ways, Alse, i to be undersiood that the phraseology and

of deseription and sheadd net be regarded a3

iwrmnotogy used hereln i fe the purposy
Hmiting,

ERETALLED DESORIFTION

O3 The maters oxonpiified v this desoription ae provided to assdst in oa

comprehensive nnderstanding o various exemplioy embodiments disclosed with referense 1o
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the aecompanying fgures. Accordingly, those of ordinary sholl in the art will rocognize that
varipus vhanges and medifications of the exemplny embodiments desoribed hewin vap be
made withow departing frovn the spivit and scope of the claied tnvention, Deseriptions of
well-kuows funetions and constroctiona are omittted for clanity and concisepess. Moregver, a8

asad herean, the songudar may be interpreted inthe plosd, and aliorately, any leeny iy the plurad

may be interpreted 1o be i the singular

{0040 In gooeral, the present tovention s divected 1o Wentifving 8 wmanber of difforent
apphiances by their energy signature, The energy consumption data may be capturad by g smart
micter or other advanced wetoring wivasinucture {AMID device, Sueh comsumption data may
be abiatved from an suergy aliiity, or vy be divecty accessed Hom a smart meter, home avea

wetswork (HANY device, or other local device. Geoerally speabing, such detorminations may

be based on () wnorgy oonsumpiton datal andior {31 weather dinia, which way chads

fepersinre, sunrise, andfor ausel infmation. At foast three (3} metriey may be measwred

for nse imosuch disaggreganon (o) home fevel defection; by conmumphion ostimation; and {©)

home disagerogation cove

f041 With refs Figure 1, an exemplary flow TG0 o presented. fnputs 118 may

be provided e one or more disaggregation algorithms 120, which in furn may output appliancs

Iy

sdentification anddor usage 136, Muore specifically, inpats 1H) may comprise data regetved
feom s AMIE device 11, weather data 112 {which wmay include, but i not Hmimd o,

F sunrise, time of susset), andfor optional user tapod 113, Categonies of

temperatine, e

apphiances that may be wWontifled way nchade, but are not Banted o, always-on appiianees




k3

BN

CA 03047073 2019-06-13

WO 2018/109754 PCT/1IB2017/058441
11

~
£y
-3

131, space heating appllances 132, cooling appllances 133, pool pumas) 134, Heluing 135,

relrigerator{sy 136, waler heating appliances 137, and ¢r vacation dutection 138 of appliances.
{00421 Home fevel detoction may be a bloary value that states that Man appliance has boen
used within the evabuation tme period (for example, @ completed bidling ovele with an encrgy

pfifityy, brorder o Invoke customer engagement, someate dotection way be eritical a8 even

occasional improper detecions mway cmse custonses to lose conlidence i suck 8 system and
e recommmiondations. MNuote that improper detections wuey be false positives or repeated false

negatives,

H43 Consumnption estimation s the delta between getual conswmption and disag

consuuption.  Note that customer vistbility of ostimation evrews fs mintmal o best, sinee

CusiomOrs generad {“-" ave nob awars of &i‘-}'.'.&{fii}’ how mueh REETEY 4R Eé.{}{.?ﬁiiﬂ{}ﬁ.‘- COMSHIBOS QVar &
Y

given period of Hirpe, and conswaption estirnalion may be presested as a percentage of whals

home gonsumpiion,

{00441 Home dissggregation goverage 1s the pergentage of whoele howme

consumption that may be mtrtbuted 1o Wentified disaggregaied applisnce categories, Higher

home disaggregation coverags may onabic a disapgregating pavty o provide a lavps

fecil

of fnsights and/or reconunendations, which may benetit the ead-user experience,

00457 Nole that applianes disageregation acouraey meties may only be presented Ju the

contexi of ground truth, that is, based on divect observation. Hewever, capiuring ground ruth

<

aeress d arge number of bovoes may be challengiug, as tomay vepae plug-leve] appliance

¥

wotoring andfor direct compmnication with the end-user. To eounter such challenges, high
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resclution smart meter dals may be used ag the basehae for gecumey messmroments, Thas
haseling way be estabhished nsing ton (18} second Interval data cotlocted fromoenergy montiors
aoross a wide vantety of homes, Such bowes voay spag muliiple seasons, chimate zones, and
may nelude a road speotram of elestric apphiances, The baseline from these homes witlieing

in disaguregalinn soonrARLY melrics 1 greatey than 95% securate, as comparat to whele-home

racaswremenis. Agcordingly, disaggregation of AMI date of s specific home may be compared

Abtl

spainst the buscline w chamcterize vananees in rewdings wd form chan

sgeregation agonthms,

:etod secwrney cortain detoction and sstimation of systams and methods in

aceordance with some erobodivaents of the present tovention are set forth in Table 1. Note that

the detection and estimation expected avcuractes prosented in Table are assuming that thers

e-gxisting apnhiance profile for anser, Wan appiianes profile s available, such acowracy

metnics Sor bodh detection and estimation will inorease,



5

2

&

&

CA 03047073 2019-06-13

WO 2018/109754 PCT/1IB2017/058441
13

Appliange Hume-Level Deotection Convmption Estimatinn

Alyeays On At or approxumately 160%, at or approximately 2%

at or approximately
Heating at or approxtmately 86%%

1e heating only)

Cooling | abor approxmmately 89% at or apprpximately 1%

pes

Ponl Punp at or approsimately 81% at or approximately TR

{47 The presemt fnventinn may be applicable o clecurie consumers regardless of

uernational Incation.  Accordingd

v, machine learning procgases I acoordancs with some

et the

smbndiments

b vention may bonefit rom access 1o dynanne and incwasing

database of sppiancs sigoetures.  Soeh acess muy cause continual mprovemenis u

ortthms resuliing iy grester deteetion and estimation acouracy for praduction apphances, as
well as providing coptinesl erposure to new apphiances, which may then b added 1w
dissggregation roadmap, or approach. Table 2 indicates coverage results of the present

invention in difforont global arcas. Noto that sueh voverage may molde abways on appliances,

heating appliances, cosding appliances, pool pumps, Hebting, andfor refiigeration.

Market Low HVAD High HYAC

Euvope at oy ag ;*z ‘\mmm\ at ar approximately 63%

Morth America at or approximately 0% at or approxunately Ti%
at ¢r approximaiely 60% At ot approximately T0%
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[0048] While disaggregation based on AMI data alone is continually improving, certain
limitations may not allow for 100% disaggregation coverage of a home. To address this
limitation and better engage customers, in accordance with some embodiments of the present
mvention a hybrid approach may be utilized. Such a hybrid approach may combine AMI
disaggregation algorithms with a localized rule-based model, which may result in 100% (or
near 100%) itemization of energy consumption for each user.

[0049] Figure 2 indicates a chart 200 of an exemplary 100% disaggregated home. Some
of the appliances are identified by disaggregation 210, while others are identified through rule-
based models 220. More specifically, with reference to Figure 2, always on appliances 211,
heating appliances 212, cooling appliances 213, lighting 214, and refrigeration 215 may be
identified by disaggregation of AMI data. Cooking appliances 221, laundry appliances 222,
entertainment devices 223, and/or other appliances 224 may he identified by a rule-based
model. More information on this hybrid approach may be found in technical white paper
entitled “100% Appliance Itemization™ available at http://www.bidgely.com/white-papers.
[0050] Asnoted above, disaggregation based on AMI data may be used to identity energy
usage for (i) always on appliances; (ii) heating appliances (including, but not limited to, space
heaters); (iii) cooling appliances; (iv) pool pumps; (v) lighting; (vi) refrigeration appliances;
(vii) water heating appliances; (viii) and vacation detection. Each will be discussed in tum
below.

[0051] Always On Appliances. Always on appliances may comprise appliances that are

always plugged in, and drawing electricity. Such always on appliances may be identified by

Date Regue/Date Received 2021-03-10
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capturing the smaliest consomplion iterval during the day and extrapobuing that nsage across
a twenty-fowe 34 bouy period, With reference to Figure 3, whele house data indieating always
one apphiances 300 ix disegssed. The graph n Figere 3 shows eleetrical demand 310 aoross
thve 330, I oan be soen that the smallest consurption during the day may be wdentitied i the
windew between approximately 200 AM 1o approximgiely 00 AM. In Pigwe 3 this ©
fudiosted by the dashed Bue 330, which may correspond o the lowest waeasired consinnption
5

interval for the day ot approximatedy 20 kW, Extrapolating this across the day provide the

daily always on conswnpiton. Note that In order to scoortely denttly abvavs on appliances,

data spanning & lesst one (1) woek 1s desieable, snd such dats msy be ol relatively low

s {307 minuies, o sixty (60} minule intorvals

{HGE2] Heating Appliances. Space bosters veay also be idemified using disaggrey

AMIE data. In ovder to scourately dontity heating apphances, data spanping all seasons {fe. at

foust one {1} years” worth of dati) may be desirable. Such data may be relatively low resolution

t fiftoen (15 minudes, thirty {30) minates, or sixly (B0 minme intervals, In genersl, such

pation may be mperatiwe-hased, whorein tomporature dafa may be correlated with

cpergy constmption, noting that beating appliance wsage correspords to low temperatura/high
usage dayvs. Dunng colder mouths {generally Qetober through March v the northery
hemisphere), the use of heating apphances generally results o an inorcuse whole-heane snergy

GO Siii‘i?}?i‘.i Q8.

06531 With reference to Floure 4 praph 400 Hlustrates an exomplary whole home energy

conSUBIPIon over a your, indicating boating applance usuge. The graph <00 indicatos eneegy

o

&

demand 410 by momb 428, B can be seon that the energy usage for Jumegy 421 inchudes
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epergy attributable to heattng apphiances 421A. Simidarly, Febroary 422 74224, March 4237

4234, April 424 7 4244, Gotober 430 7 4304, November 431 7 431A, and Degember 432 7

A eaeh include onergy usage atirilnuable to heating

vpiiances, Nede that May 423, Jane

F, August 28, and September 429 do pot inchade any energy usage sitributable 1o

heating apphances,

{54 Loohng Appliances. Sundlar te heating applivnces, cooling applisnces may also bo

dentilied nsing dissggregation of AMI data, In crder to avcaratedy wdentity cooling appliances,

data spanning all sexsons (Lo at least one {1} vears” worth of data) may again e deswable.

Such data may be relatively fow resolution at filteen (13} minuiey, thivty (30) mdvastes, or sixty

(6 nunute awtervals, In geuvensl, such disaggregation may be lomperatare-based, wherein

iempersiure data may be corrglai energy eonswnption, noting that cooling appliance

nsage corvesponds to high lomperatere/tagh usage days. During warmer months {generally

a

May throngh Septensher in the novthern hemisphere), the ase of wanli

wr appliances generally
results i an increase wholovhome energy consumptinn,

RGENSS With referenee to Figure §, graph 300 Shasirates an excmplary whole bome coe

cotmumpiion over g vomr, imbeating cooling appliames usage. Note that the whole house

o iy the same as presented in Figure 4, The graph 308 indicates energy denand

1A

310 by month 3200 3 can be seon that the energy usage for May 525 wnclndes energy

attribotable to heating uppliances 5234, Stmilardy, June 326 75264, July $27 /5274, Aungest

NI /ONIBA, and Deplember SI9 7 FI9A each include snwrgy vsage atiribniable to cooling

applanees. Mot that January 321, February stit 324, Qotober 538,
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ude any oa

Nevernber 531 and Decernber 333 do pot ingd

- asage ainbutably to sooling

apphianoes,

M daia, In

Pool s may slso be identified from disuggregs

general, date sparmung spproximaiely one {1} wonth s destrable for ideatitving g pool pump.
Agan, soach dat way be velatively Tow resolntion ot feen (13) minmtes, thivty (38 minutes,

o

or siady (80) mibmuate ntervads, I generall identtfving a pool pump way be based on thwing.

Homes with a pool ofien nm the pool pumyps for the filtration system on a timer, Therefore,

nahiple davs of dat may be exavined o identify consistend start/stop times of high activity
w3 detest 1 pool pump schedale.

{0657 With refevence 1o Figare 6, g heat map of energy nsage 600 is shown, The hest

g shows the approximately a yeoars” worth of data by wonth 01, showing asage in thivty

{30} minute tae slots 620, 1 ean be seon that the poel purp runs during the portion indicated
at &3, turns off for the portinn indicated at 632, wrns on for the perhion indicated a1 633, awd

\

tarns off for the portion ndicated 8f 634, The pool pump bere consistontly turns on at g
siot 30 {gpproximgtely 300 BN, as well as at e slot 48 {approximately THB0 BMY Naodg
that the pool pump rans Tor a longer Hme o Novamber - Apri, and rans a shorter time i May

~ Geigher. This s indicative of a sowthern hewtsphore pool, where the warmer months are

Noventher - April,

{dghting may alse be wdentitied from dissgyreyated A dats, Lighung
is typically one of the roost consistent electrical conswnptions i most howseholds across the

workl. Statistivally spealing, Hebting generally makes up approxamately 1% of the ehectpieal
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consipuption of an average home. Adoeption of offivient Hghting practices can kead to clear

R

decreases In power corsamption of g house

iy general, data spanaing ot lesst approxinugely one {1} womd i desirghle,
although data spanning oue (1) year fa considerably more desivable, and such data may be

vedatively fow resnlution st Qfleer (15} mimae, ov thivty (38 minode infervals. Note that data
i sixty {60} mimde intervals may be oo rougly, i oo low rsohiion o adegostely and

confidently identity hghting. v gonoral, hghting may bo determined based on timing, and is

genarally charattevizad by a conststent “are” tn epergy usage during the moings and evening.

is generally consistent with usage Jduring waking-morning activite-eaving for

wok, as well ax amiving bons-evening activity-going to bed. With reference 1o Fruore 7, a

saph 7Y of energy demand THY over Bime 720 1 presented. hnwreases in snergy demand

avcund 600 AM and starting sround 300 PM may be scen. These formaulate the g

fing
“ares,” denoted at 731 and 732,

HEUSH The input data wmay be o the form of a time series conmunption sigaal 8l the
pertedicity of the order of minutes. The methodology n accordance with some embodinents
of the present invendion may work on signals with periodicity of the order of seconds by down-
samnpling the signal, Extornal date such as googeaphic location, sby cover, daviight heurs,
house intormation such as size and number of ocoupants can be used 1o futher Improve aud
derive inferences fron the estimate,

{611 Lo genoral, lighting presents iself in the data nfien as a downward facing curve a3

<

shown in Fligure 70 Oflen this s because i the number of Hghis

in operation nreases aud

then decreases, alen with Gre the powser conmumpiion of lght sources usoally increases,
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Mestly die 9 routine based behavioy, there are offen pattorns during morning and evening
timwa, In gonerally, disegeregation approaches based i AMI data may look to vaplure the

same patiern in the wput dats and estimate the hghting usage through the steps disenssed

GOR2 Fiest, the consistent naturs of Hehting s captured. Us
§ > & pSy §

aitable data points m

remnoved and the dats may be cleaned nsing techuiques such as perceniile fillering, mnmam

valne remoeval snddor smoothing noise semoval, Seasonal loads may then be detected and

sl charas s, sueh as contiguous days of

remeved by selosting time potnts showing g
shsence and/or presence b times when typiestly ocourring lighting s absent. A lighting band
ey then be extracted, The lighting band may be a colicetion of times ina day at which Eghting
is preged in the data, Thie collection of Uine point may inchude bagic sauty checks placed on

Cighting duning various tming

jte size, Using seasonal detection, power capaciti
the day may the be computed.

{30631 Lighting may be cetimated 8 each tine point based on the time v #x day,
sensonatity, the typeality of hgbting at that thve, hghting capaetty, andéor otber factors,
fntsepelation lochnigues ey beoased o satimate values at points where the exact vadue cannot
S, iy -f,%.,; PN PO AT SV N evgs 5 N .. ot - o

be contidently determined. New hncoming data in cases where Hghting cquipraent has been
modified at the end user Ingation may be detected using the sousonalily, porcemtile caloulutions

o the new daa, and conpavison with pagmeters compoted on previous data.

This fochnigue may provide information about the u of Hghting which nbion s

responsible for roughly 10% of the elcctriclly conswnption in g house. The outpt of the

algovithen may be hphting oncrgy corsamplion gt sach data polnt slong with capacity
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parameters, Unnags of Hghing and seascoality. Based on this information a utility {or other

I

partyy may be able 1o engage with custoner, anmed with specifics, to discuss ftoms soach ag (1)

ntorming users of thelr lighting corsamption bebavior and sugpestions of power saving

solationsy (1) determine 1 Hehting v a bouse 1 efficient and sognest chaoges to homes with

{“w‘

effictens Hehting: (1) unalyre Uphting usags trends based on regions, home charactesistics,

ote., 1o provide nsights into the consumption demographic that may be ased by utlittes for

targeted initianves, andfor (v) provide aleris 1o users i Hghting hay been left switched on and

other indicators sugpest that the hoose should be empty,

Figure 8 deplets a graph 300 showing ensr

vy ussy data 330 based on energy
derand 810 over thue 820, Agaln, ares due o increased Hghting using can be seen at 840 and

R4l

{661 Supplomentary ideas from image analysis maybe barrowed io increase lighting

estiration robostness and accuracy, For example, each daily comspmpiion pattern may b

natched to another, altowing for vertain affing transformations, such as transhstion and sealing
£ the Highting ares. These may serve as estimation methods o theie awn, oy may be treated us

the pairwise distance metrie in a clustering algorithon Such clustering models may be able 1o
¥ # s &

find closter conters, or distinet mades of Highting behavivr, for sach hows.

671 Additienaily, technignes that directly make nse of extermna! facters sush as honse

atiributes, number of cccupants and cunrise/sanset Hmes may help improve robustness and

mdgrpretability of the lg

estimates. Land prediction may olade these factors and

arate g Ty 3‘2{" } s?s‘

Bt
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J006E] Refrigoration Applirnees. Refrigerators may also be identified from dissggregated

W » Rl

AR dita. Refigemiors are present in approcinately 99% of homes i developed enuntdries.
These applimpces fypioally nun contimwously  throughout  the day, Reftigeratary have
compresaors that torn oo and off depending on s tomporature settng. Sinee they are usually

smalier in power conswnption, § may boe diffiaull o ostimate censumption when other

sances are ronning. However, note that 11 s also possible to detect veliigeratovs when fow

spphiances {eg. devers, AC, heater) ave running,

X

other hgh onerg

HELN fn goneral, data indicating low getivity pentods s desirable for wdentifving &

refrigerator, such as sarly mornings, o which the rogalar pulses of the compressor motor e

Yy

detectable, Sueh daty may be relatively fow resolation at fifteon {15 minude op thity 38}

aimte intervaly, Nete that thivey (30) minde inferval date i probablecin roost cases, bt this
may depend on the size and shape ot the refrigerator signmure.
{073 Figre 9 dlustrates & graply 800 showing dewand 21 over time 820, Bnsagy

AM fo 530

e showr, with a low asage perod of e seen arownd AM,

pbicated o 930, B these tmes of low nsage

ofy \§ CTAIOr COMPICSsiY Moy ‘{}iﬁf\»‘\

g ou and of Uy be most easily Wdentified. Note that the pulses of the refrigerator mator

)

e

may be quite consistent throughout the day.

v

I Figure HY again shows o graph 1000 luatrsing dowand HEE over thme 10200 In

Figure 10, low activity portesd 1030 18 quackly apparent. The energy demand duing low
activity period T34 i Blely comprised of pulses from the refrigerator motor.

e With reforznce to Flgure T an oxemplary process for identifying refgorator waags

is set forth. In general, the process invelves searching through several months of stenal data
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for low achivity peniods. Sabsaquentiy, a model may bo used to seore each fow agtivity periud

HY)

pee

s guabity, Al low activity pertods that sanety o quality threshold way then be considered for
refrigeration estimation. A wachine leavning model may be wsed to then predict relrigeration
CRUFEY ConSunplion.

[O07 3 At T, systems and methods moaccordance with some embodiments of the present

wveniion may deteet o identily fow activity peviods. AU HRD, such low activity pertods nay

be seored for guality, The quality metvic for the fow avtivity period intervals may stilize 8 scoriog
mcchanism based on ¢ maching fearning wodel, The mode! resgy by tratned based on hootan 'i.:‘az.}m\:
andfor ground truth based at feast i part on datg collected from plug lovel devives, The quality

seoring based on consistency of several

metrie for lew activity poried may alse piilize

attributes across multiple loew sotivity poeriods for a home

HHIT74] Low aolivity periods that waet @ minbuun guatity threshold may then be wed o

LERALR ¢ erafion estirnation, and at 1130, prediet reltigerator conaopiion, Predwtion of

refrigeration cenxumption may be performed using, {or example, a
foast in part on @ walning 8ol A rawing st way be produced waing plog-level motering or

using dHeaggregation rosulis based on higher sampling rates of lesy than | mibnuie, The
refrigevation conswnption nay be ealculated on g per month basiv depending on availability
of good gquality low activity pertods for each month, I such dita is not avadlable a single

refrigessiion mwober may be produced across multiple wonths,  Refrigeration estimation

St gersting consumption

b

across the year may be smoothed using local tomperature 1o o

followes o frend whers comsmption increases with bigh temperatures. The dogree & which

eration consumption varies with temperatare may be a reglon-specific configuration,
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sindow function and

{0781 Detection of low activity perinds way utihive g slid

fation, uppRy Hdts o velues,

featurss, such as closeness o the datly nunimum, saocon
consistent area under the curve {afler subitracting the alvaysone sonsumption), ete, Fiaurs

itustrates & graph 1200 showing dovoand 1210 over Bime F220 Hor o pertod of approvimadely
severs {71 howrs}, and showing the svea under the curve P3N This area under the surve 1240

#x visnally elose to the spcetized refiigoratcr consmmption.

{0701 Waler Hesting Applisnggs. Water homiers wmay alse be identified  brom

disageregated AMI duta, In ponersl, daia spanning approximately one (1) month s desivable

s
s

¥
i

for identifving u water heater. Again, such data may be relatively low rosolution at tit

misuie tervals, An eleetriv water hemtor may be an important appliance

mipete o thirty

thar, when present, accounts for o sigodivant portion of the wholovhouse electrieity

;.

o water heafors tank water hoaters,

al, there arg three {3) muwin vy

comsumption. In gen
tankloss water heutors, and seheduled storage water heators,

{0 Atank water heater may gonerally comprise a large tank of water, which is heated
snd matatns the water temperatire within a cevtain range. o general, o tank water heater hag
an energy consumption pattern that way inchude (03 a series of “passive” pulses, which may
fugn on andéor off withow! explicll user action; and {11} occasional “active™ or "™ palses,

N

which Dy reprosent Coniinueus, artive usage of hot wate

s {such as a showee, laundrey, dishes,
et ).

denmtand V310 over time 1320 By

2 the tank water &t or near a centain
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pood

ternperature. Pulses 13310 1532, 1333, 1334, 1333, and 1336 mmy be seen fo periodically

oveur. Such pulses mmy indicate the use ol a tank water heatar.

1 34

JOG7S Figure 14 ifustratos @ graph 1400 showing more detall of energy demand 1410 over

time 1420, 1H 1 pises may be identitied in the data. For example (3], 143, and

1434 pulses caused by tempormiure muatnteonance may be seon. AL T3, o sertes o V7 pulses

may be seen. Such " puizes may be caused by user iratiatod waler wse, such as a shower,

baundry, dishes, oo, Notably, such peak water boster use sppowrs to cuonr botween 630 PM

vt 934 PM, when laundry, dishes, dishwashers, bathtubs, ote. are ikeby used.

{0086 A tankless seater heat, sthenwise known as an nstant hot water heater or flow water
sater, does not bave g tank. Insiead, such systoms provide a divedt connechion from the cold

water to the peint af use, A tankless sysier mway oitber heat the water a8 needad for the eutirg

heuse {where the systom may be placed owside the howme, or i g garage, basoment, crawl

space, ofe. b, of may peanwise claments at the podmt of use that heat the water (such as o heating

system disposed at a sink to heat hot water for the sink), Such systens may present o relatively

B SROW fer ki

it onel, or Ry & very high amphitude (groster than 10RW oy

L

anplitude {

showsral For exanple, Flgure 18 Qlustrates a graph 1300 showing energy demand 1318 over

thme 1520 for a Gornmun mstant watgr heater. Smaller use of the wy

ay be seen at

o
paE)
.4-)

3 Gvond S 80 1S AR which muy represent inifial waking sctivities, Howeser, gt 1540
the demand jumps for the use of the waier heater {or & morning shower, ovourring at about
630 AML Similar Bigh sphitude deasys may be seen for other types of instant hot watey

heaters, such as but not limited o the Uhuooker device used in kitchens for tnsdant hot water,
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A scheduled stovage wator bogder way ponerally comprise a tank of water that s

X,

soheduled ot on during 8 time perind when rites or tariffs ave lower, typically during the

ght due to time-otuse pluns, A scheduled storage water heater niwy tum on for Jonger

perids of timo, anddor at @ higher power rating, depending on the tomperature, and may also
whade sponiic, thin, “passive” pudses near the end of the day to mudniain a minimum desired

ure 16 iHustrates & howt map 1000 showing the use of 8 seheduded

water emperatare,
storage water heater, 1o goneral, the heat map shows the dide 1610 onthe Y axis, and the ime
on the X axts, with the tsage extending along the X avis. From the heat map. i# van be seen
that the schodoled sworage water heater roay tuen on argvwhoere Hrom around 1300 AM (hoted

3 &y

as howr 9 1o 300 AM, and generally turns off 6t $:00 AML This usage 18 indleated at 1636,

Thores when the water heater s not rumdng v goneradty seen & 1631, Note that around .00

P8 (noted as bow T8 at 1632, the water heator appears 1o brietly rup, ke to eithor maintn

fernparatire o due 1o nse during the eventng hours,

JOOR2] Wit

wrence o Figure 170 » process 1780 of detectis estimating w

homter u now be diseussed.  In general, such procoss may covuprise homeseved

N

detection 1710, passive sstimation 1720, and active estimation 1730

TNy

X
i

{OOR3] Hoove levet detection 171 may comprise exmmining or anals

g daily cousisieney

711 and seasonal comsistency 1712 over fime. A significant atiribate of an olectric wader

heater s s consisiency, both o torms of day-ineday usage and &t o Mgh-level season-to-season

usage. As fong as the home 1 oconpiad, the signatre of waler hemter should be present

Depending oo the type of water heater, the algorithmic model way captore the presence of sach

corresponding signature of passive thin pudess, gh energy Instant paises durtug normal hoass,
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avad thmed high energy pulses seduring low it hones, dgnatures may be prosent

everyday {exclnding vacation davsh, wad should be present troughout the year and all seasous.

X

Extra care may be needed & avoid postve, for example coming from HVAL,

eookingfaundry applionces and electric vehiule charging. Helpfolly, homes whick ron heating

and conling throughaut the vear will appear 1o have consiatent passtve thin palses,

g

{0084} Passive estimation 1720 may comprise amplitnde extiroaton 1721, frequeney

H

estination 1722, and senperature eovrelation 17230 {nce home-Jevel detection is established,

the anplitude of thetan pulses may be characterized. This may be g combination of the power

vating of the water heater, as well ay the typiead duration of the polses fwhich tiself 15 a function

of tmperature setting of the water beater, ¥s tusudation and the cutside temperature),. W the

¥ the model mav-estimaie

tng pulses

fype of water beater exhibils passt

hese atiritapes may be

both the typical amplitude and the froquency of the pulses. Eaeh of 4
Beavily nfhugnced by amblent weather tompersture, which may be fncleded as part of the
model.

UL NS Active estimation may comprise amplitude cstimation 1731, bohaviey modeling
1732, andior stooottnngs 1733 of the data, Flest, s wodel voay capture the typieal amplituds of

a water beoater.  Then, a userspeeific usags pattern of hol wiler may be modeled.  The

particuiar ativiinges may inolude Groe of day {e.g mordug ve ovening showers), day of swoek,

wdd o1 we perature/season, number of occupais (oo number of showers per

¥} spectfic appliance usage Uanndry, distroashor), and may even inchude demographie data

for sogiosconomic sia my, efe,

such as geographic ve

1, i, w

fes
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FO086]

nple visualication of vesulis of such determinations in sccordance with soms

embodiments of the present vention may b seen ot Figare 18, Figwee 18 fHustrates a heat
suap FROG. Pigore 18 s broken into three (3 columus 1810 1820, 1838, Colamm 1810 shows

3

a heatmap of 2 raw signal recetved, Column 1820 Hlusirates the same signal after processing

aund cleaning. Column 1830 15 2 heatmap of the detected water heater spikes. Flgore 18 shows

e

how the systemn ean the raw data and roturn & heatmap of acteal water healer use.

¥

{OGRTY Vagation Uctochion.  Vacation detection oy also be deternined bused on AM

disaggregatod data, Iu generad, data for at feast @ one (1) month duration is desirabli. and ey
bie of @ relatively fow feogueney at fifteen (15} mioute, ey (30) ndoute, or sindy (80 mbts
mtervals, In geoensll 8 vaeation may be characterred by meliiple corscoutive days of siatie,

ower-than-average conswnption. I detection ymay be confirmed by exanddning fmra-day

conswnption paiterns for the absence of hemansdriven onergy us

DOEY With refetance to Flpare 19, o o vhort 1900 Busirates an exemplary neovess S
o K
detormining vacation detectlom, in scomvdance with some ombodiments of the presem

myvention. At 1S the past theee weeks of datg are roviewed. AL 1R, a baseload 8 vomputed

asming the past darg, and @ threshold 15 accordingly set. At 1913, day energy consumption is

computed, for example using a onwe (1) month data set with sampling ¢ {15}, thirty

N
{303 or sixly (60) muimtes. AL 1930, s dofermined 1 the day energy consumption is within
ihe threshold, IV i s not within the threshold ("NOY gt 19311, then the duy is refectod for
j { }"s i)

vagation detection at 1925, 11 i within the threshold CYESTY ot 1922, then the process

Soptinues.
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JOUESY AL TR30, in o sliding window Tashion with @ windew size of approximately foaw (43
hovars angd shiding by two (21 hours, calonlste energy consumption and storg 1 in g veotor, break

the shiding window until twa nconsistent vomsevutive windows are identified.

§O090] A 1935, determing i the sive of the voctor iy wreater or vgpad 1o one {1y day. not

Tat {3373, continue the

(UMY 19361, wyect the day oy vacation detection, I
PEOCESS,

HEOE At 1844, find the standard deviation for the vector, A 19435 determuine #f the

standard deviatiom s within the theeshold, I he standard devition s mot within the the

(RO at TU4SY, veject the da vacation deteation, I so (% 73 continue the

PHOCCIS

A 1938, identify the top threy deviated values from the mean for the veowr, At

%, determing i these values dre withis the Hwesholdl B aet (RO

veotor for veeation deteetion, Wen Tat 1957, continus the process.

JO093T1  Ar 1900, defermine the mean of the vector. AL 1968, determine ihe mean ot the

shold, not {"NOT a1 1966}, reivet the veutor for vacation

voptor ia within the bound of the thre

deteotion, eo CVER” at 1987, then av 1970 vagation is detegtad wdith start and end e as

e

the sturt and end time of the veotor,
.

{4 Frge 20 Hlustrales a monthly view 2000 of o vacation analyvsis, showdog domand

2013 over time 2020, Note that te period 2030 indicates a daily consumption drop w a low,

stasio fovel of approxivuaely 3 EW. This may be a typical mslication of a veontion.

{005 Figore 21 iHostrates o dably view 2100 of g vacation analvsis, again showing

"%
X

Jomand

over thwe 21200 Relrigerstor palses 2130 may be seon. Hoswvever, the
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reftigerior pulses 2130 ave seme of the only activity seen in the home. The

fact that there i

no hamenediiven onergy usage may confiom the vacation profile,

{00961 a mrore detatled view 2200 of g vacstion analysis based on a

rfrigerator, showing inputs feovs both & HAN (home arca network) device at 2210 and Green

st

Buton 2211 In cach, demand 2210, 2211 is shown over tme 22300 22310 Typleal energy

v be seen ot 32440, 2241, whieh then topers 1o statie low level of conwgnption &

3

Subsequently, ane ¢ nereases again 2264 2207, indicating anvend of the

Y Us

vacation detection

jo0u7} 3 Hlustrates s detailed view 2300 of o vavation anslvsis based on an electric

water heater and ref ator, showing ingans from both a HAN devies 2307 and Green Puiton

Pach shows demand 2310

e psage is seen af 3334,

2y

8, 2341, agan tnchicating an end of vacation detectinn,

31, with an invreased usago b 2

{OO9RE fo additton o the sbove model based on statisticad analyveis of diding windows, a

day-to-day distance metrie ean be computed o identify the most similar groups of day

vaeation days are dovold of human activities, this meiric belps the ndel zoom iy on thess

ation modules deseribed above may be capable of estimating pure

samaple applignee loads, with confidence Jovels associated with cardr csthmation. & posts

3 1o ponybine the maln

processing modide way be emplo ¢ streavns of applisnce estimations,

akin o ensemble methods, and way produce & Twoal disag nowhich e fogical and

consistont {for exaple, 5o overestimation above the raw consumption load)
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POUTU0] The sl pee-sample disaggregation may be furthor be ased as nput labels to large-

3

seale supervised fechotques. For example, deep leaming netwanks may be trained across
farge number of boows, Such wodely muy provide an even srooother and possibly more

accnrate onipng, and may be ased as choecks against the eriginal dis Liem rosponse.

(0010 Systeras and wmothads v sccordance with somg cmbkaliments of the present

sy

wvention may be combined o an over-wrohing process, For oxumple, with refore
Frgure 24, wn oxonplary process How 2400 will now be discissed. Conmumption dam s
reeptved gt 2405, Note thal whde other dats may be used in both disagpregaton and
Homization (such ay iy not Hmited to Uaining data, weather data, suncisedsupset data, home
tata, netghborhoodiaren demographaes, b records, ete, Pigure 24 shows the freatment of

N

constmption ditg, a8 may be reegived from an AMI device or from a ntility.

[O0I021 A 2410 the dats s analveed 1o deterndne tmes of sotive signal 2418 and Gross of

mactive signal 24 From the active signal ;

exitmation 242

From the inactive sigoal 342800 a passive water heater estimalion

which, when combined with results from the active watgr heater

module may be ag

estimation, may esull in a tolal water heater estimation 2 Frow the inactive sign &,

vacabion delection modules may also bo applied, resnlting i vacation doteetion 2445, and

refrigeration detection modules may be apphied, resulting i refrigeration estimation ;

P03 Witk reforence to Figwre 23, an exemplary process 2300 that may atilize both

N

pation and rule-based modely niay be segn to avhieve approximately 16096 appliance
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Hombsation may be In geseral, consumption data is recived wt 2501, and may be

& and rule based models 2564,

provided 1o both dissggrepmtion based mods

(G4 Disaggregation based models may receive the cousamption dass 2501 and perform

an fnactivity defection at 2302, identifving both active signal 2504 and inactive sigmd 2505,

Active sipnal 2504 muay be used (sbilar to as discussed above with reference 1o §
wake a lighting estivmation 2806, Active signal 25304 may be be used make an estimation of
aotive wie of @ water heater at 2567,

fOINS] Inactive sigoal 2508 oy bo used fo make an estimation of passive use of & watey

heater st 250K, which may he combingd with sotive water hester estimation 2307 to anbve st g

total water boater ostimation 2309, fnactive signal 2309 may also be wsed to make a vacation

timation 2

{1 andfor o el

detegtion 39

fnvention, the nactive signal

P00 o aceordance with sovpe embodiments of the pe

2305 may also be used o provide an dentitication and estimation ol a pool pung 2, heating

apphiances 2513, andfor cooling appHances 2314, Mote that other data may be used n thess

N e

51 the hoating

sHations

determinations. such as the wse of tomperature data 2 wned epoling

A515, 254 These ipmizations and estimations may  constiiuie an iwmization by

disaggregation 8.

[O01071 Consurprtion data 2501 miy also be used by rule-based models 2503 to perform

rule-based ftemization and sstimation. Node that while et shown on Flowre 23, rule-based

bel

s uttize additonal nformation, such as tag not imited to taining data, weather

models may

i

sunset data, home data, hone demographics, noightesrhondfarea demographios,

AR, 305

tax records, st Sueh jnformation way be found 1o publicly svailable data stoves Guch as tax
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1

ragords, weather «

»be mantingd by the uwiitity or the party performing
disaggrogation and Hemization {such as training dawal,
{O0T08] Raule based models 2303 may be used to detormine an Homization and sstimation,

mcluding bul not hmited o0, 8 cooking estimation 317, a laundry estimation 2518, an

%, andd am Pother” or miscelaneous ostimation 2826, Fach of these

entertEnment estirmnation

Yy constittie g oule based b

0] Condbimng Hemization by diseggregation 2516 and rule based disaggregation may

1
%
S

vesult in approximately 100% hemization 2332, This sebstantiadly complels Hemization may

provide custormers with confldence sefficiont that customers may be more persuaded to gt on

various recommendations o proposals recetvad that may sugpost wiya 1o redie sonsumphion

andior cost,
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What is claimed is:

1. A method of performing appliance itemization based on consumption data for a
whole house, comprising:
receiving at a processor the consumption data for a plurality of appliances;
determining by the processor if the consumption data includes active signals and
inactive signals;
upon detection of an active signal:
detecting by the processor, based at least in part on the active signal,
active water heating, and if active water heating is detected, estimating active water
heating consumption;
detecting by the processor, based at least in part on the active signal,
lighting, and if lighting is detected, estimating lighting consumption, wherein the processor
detects lighting based at least in part by identifying arcs of consumption in time periods
where lighting is expected to be used,;
upon detection of an inactive signal:
detecting by the processor, based at least in part on the inactive signal,
passive water heating, and if passive water heating is detected, estimating passive water
heating consumption, wherein the processor estimates passive water heating
consumption by estimating typical amplitude and frequency of passive pulses;
detecting by the processor, based at least in part on the inactive signal,
refrigeration, and if refrigeration is detected, estimating refrigerator consumption, wherein
the processor detects refrigeration by analyzing data during low activity periods in which
regular pulses of a refrigeration compressor motor are detectable;
detecting by the processor, based at least in part on the inactive signal,

vacation mode, wherein the processor detects vacation mode by identifying multiple

Date Regue/Date Received 2021-03-10
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consecutive days of static, lower-than-average consumption; and
outputting by the processor an itemization of detected appliances and estimated

consumption for each detected appliance.

2. The method of claim 1, wherein the consumption data is received from a utility.

3. The method of claim 1, wherein the consumption data is received from an

advanced metering infrastructure (AMI) device.

4. The method of claim 1, wherein the consumption data is of a low resolution
comprising data received at fifteen (15) minute, thirty (30) minute, or sixty (60) minute

intervals.

5. The method of claim 1, wherein the processor determines if the consumption data
includes active signals and inactive signals based at least in part on:
using a sliding window function and storing the energy consumption in a vector;
subsequently comparing the vector with lowest energy consumption windows to

determine inactivity.

6. The method of claim 5, wherein the processor estimates active water heater

consumption by estimating a typical amplitude of a water heater, behavior modeling, and

data smoothing.

7. The method of claim 6, wherein behavior modeling comprises user-specific

patterns are modeled, including attributes of time of day and day of week.

Date Regue/Date Received 2021-03-10
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8. The method of claim 7, wherein attributes may further include characteristics
selected from the group consisting of temperature, season, number of occupants of the
house, specific appliance usage, and demographic data including geographic region, age

of occupants, gender of occupants, and socioeconomic status of occupants.

9. The method of claim 1, wherein identifying the arcs of consumption in time
periods where lighting is expected to be used comprises:

removing unsuitable data points from the consumption data;

cleaning the consumption data using percentile filtering, minimum value removal,
and smoothing noise removal;

detecting and removing seasonal loads by selecting time points showing
seasonal characteristics including contiguous days of absence or presence when typically
occurring lighting is absent;

extracting a lighting band, comprising a collection of times in a day at which

lighting is present.

10. The method of claim 9, wherein the processor estimates lighting consumption at
each data point along with lighting capacity parameters, timings of lighting, and

seasonality.

11. The method of claim 1, wherein the typical amplitude and frequency of passive
pulses are determined by a power rating of a detected water heater and the typical
duration of passive pulses, wherein the duration of passive pulses is a function of a

temperature setting of the water heater, insulation of the water heater, and the outside

Date Regue/Date Received 2021-03-10
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temperature.
12. The method of claim 1, wherein the processor estimates refrigerator consumption
by:

analyzing several months of consumption data and identifying low activity
periods;

scoring each low activity period for quality;

compiling low activity periods that meet a quality threshold;

using a machine learning model to, based on the low activity periods that meet

the quality threshold, predict refrigeration consumption.

13. The method of claim 12, wherein the machine learning model is a regression

model based at least in part on training data.

14. The method of claim 1, wherein identifying multiple consecutive days of static,
lower-than-average consumption comprises:

reviewing consumption data spanning the previous three (3) weeks;

calculating a baseload based on previous consumption data and setting a
threshold;

calculating day energy consumption, and determining if day energy consumption
is within the threshold;

if the day energy is within the threshold, calculating energy consumption based
at least in part on the use of a sliding window function, with a window size of approximately
four (4) hours by two (2) hours, and storing the energy consumption in a vector;

determining if the size of the vector is greater than one day, and if so, determining

Date Regue/Date Received 2021-03-10
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the standard deviation for the vector;

determining if the standard deviation for the vector is within the threshold, and if
so, identifying the top three deviated values from the mean of the vector;

determining if the top three deviated values from the mean of the vector are within
the threshold, and if so determining the mean of the vector,

determining if the mean of the vector is within the threshold;

if the mean of the vector is within the threshold, detecting a vacation with start

and end time as the start and end time of the vector.

15. A method of performing appliance itemization based on consumption data for a
whole house received from an advanced metering infrastructure (AMI) device, the
consumption data being of a low resolution comprising data received at fifteen (15) minute,
thirty (30) minute, or sixty (60) minute intervals, the method comprising:
receiving at a processor the consumption data for a plurality of appliances;
determining by the processor if the consumption data includes active signals and
inactive signals;
upon detection of an active signal:
detecting by the processor, based at least in part on the active signal,
active water heating, and if active water heating is detected, estimating active water
heating consumption at least in part by estimating a typical amplitude of a water heater,
behavior modeling, and data smoothing, wherein behavior modeling comprises user-
specific patterns are modeled, including attributes of time of day and day of week;
detecting by the processor, based at least in part on the active signal,
lighting based at least in part by identifying arcs of consumption in time periods where

lighting is expected to be used, wherein identifying arcs of consumption comprises:

Date Regue/Date Received 2021-03-10
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removing unsuitable data points from the consumption data;
cleaning the consumption data using percentile filtering,
minimum value removal, and smoothing noise removal,
detecting and removing seasonal loads by selecting time points
showing seasonal characteristics including contiguous days of absence or presence
when typically occurring lighting is absent;
extracting a lighting band, comprising a collection of times in a
day at which lighting is present;
if lighting is detected, estimating lighting consumption at each data point
along with lighting capacity parameters, timings of lighting, and seasonality;
upon detection of an inactive signal:
detecting by the processor, based at least in part on the inactive signal,
passive water heating based at least in part on amplitude estimation, frequency
estimation, and temperature correlation, and if passive water heating is detected,
estimating passive water heating consumption at least in part by estimating typical
amplitude and frequency of passive pulses, determined by a power rating of a detected
water heater and the typical duration of passive pulses, wherein the duration of passive
pulses is a function of a temperature setting of the water heater, insulation of the water
heater, and the outside temperature;
detecting by the processor, based at least in part on the inactive signal,
refrigeration at least in part by analyzing data during low activity periods in which regular
pulses of a refrigeration compressor motor are detectable, and if refrigeration is detected,
estimating refrigerator consumption at least in part by:
analyzing several months of consumption data and identifying

low activity periods;

Date Regue/Date Received 2021-03-10
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scoring each low activity period for quality;
compiling low activity periods that meet a quality threshold;
using a regression machine learning model to, based on the low
activity periods that meet the quality threshold, predict refrigerator consumption; and
detecting by the processor, based at least in part on the inactive
signal, vacation mode by identifying multiple consecutive days of static, lower-than-
average consumption; and
providing to a customer by the processor an itemization of detected appliances

and estimated consumption for each detected appliance.

Date Regue/Date Received 2021-03-10
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