METHOD AND SYSTEM FOR REDUCI NG FEEDER Cl RCUI T LOSS USI NG DEMAND RESPONSE
BACKGROUND [0001] 1. Field of the Invention [0002] The present invention
rel at es gwoensalddg3sso a system and nmet hod for reduci ng peaErUSE@OSH0GSM3 a power
grid, and nore particularly to a systemand nethod for reduci ng power |oss
in a feeder circuit of a power grid by analyzing at |east one aspect of
demand r espoMETHQRAHB) SYSTEM FRRBERUCINGIOZ DER FAREVIGEOSSHSBINGNnC] ude one
or all of the follow ng: el ect DEMANDIRPSP@ISHON, el ectric power '
transm ssion, and electricity distribution. Electricity nmay be generated
usi ng genBAGKIGRIOBNa i ons, such as a coal fire power plant, a nuclear power
pl ant, etc. For efficiency purposes, the generated el ectrical power is

st epped U005 a Verkehlahhebiveatien (such as 345K Volts) and transnmitted over
transm ssj lines. The transm ssion lines may transnmt the power |ong

di st ancesll,OBQchh € RETSBRISNYGNL0R rFIPWégewa@wc?s%vsm %‘?‘%@ﬁth@ﬁaf I boundari es,
until it } I S j Jolyc ok! t owns

t he Iocalkg?ﬁég?%wuilﬁgﬁmﬁgmeﬁg H'l:i“‘rf{en(a'?ﬁr?l gpﬁsdﬁﬁcgﬁmaéw}sia%gg@ﬁpay te?ﬂréloélgl?r e at a
t ransmi ssieducisgipewertlossin avhéden cireyit of @podavarid byeanatyzandatdbasy ohd aspectt o an

i nt er medi afléﬁ vol tage %such as 138K Volts). Froma transm ssion substation,
smal ler t% EW‘P%?S R"$% nes (such as sub-transm ssion lines) transmt the

i nt er medi [@be3]vol badrelhed N6t ri bution substations. At the distribution

substations, the internediate voltage nmay be again stepped down to a
"medi um Vi8094ge" A pawdr gaisl mayinchide vok s all of deKoNewing) eleOnigitpr nore f eeder

circuits n fromthe distribution . .substations. -For.exanple, four
Co tens dallEAc b miymidmret rRORSn AP et iR i on.
The feedefe @ntratidtusirg @ndrafifgseitiohs, SWeH ascOCAl Fisd hoved pMrteSnddidiree Wi res for
each of the 3 Qaglgses and one wire for neutral). Feeder circuits may be

rout ed ei ROVEK PRb\REC. f s ehldcienny mBpessy. the eensared plgetrigal paveeryosternse upn t he

o ol e sanes K VRSN AP A LD, .

consuner T ttagmifsgumdimeasnay transmit the power long distances, such as across state
lines or across international boundaries, until it reaches its wholesale customer, which
may be a company that owns the local distribution network. The transmission lines
may terminate at a transmission substation, which may step down the very high
voltage to an intermediate voltage (such as 138K Volts). From a transmission
substation, smaller transmission lines (such as sub-transmission lines) transmit the
intermediate voltage to distribution substations. At the distribution substations, the
intermediate voltage may be again stepped down to a “medium voltage” (such as from
4K Volts to 23K Volts). One or more feeder circuits may emanate from the
distribution substations. For example, four to tens of feeder circuits may emanate
from the distribution substation. The feeder circuit is a 3-phase circuit comprising 4
wires (three wires for each of the 3 phases and one wire for neutral). Feeder circuits
may be routed either above ground (on poles) or underground. The voltage on the
feeder circuits may be tapped off periodically using distribution transformers, which
step down the voltage from “medium voltage” to the consumer voltage (such as
120V). The consumer voltage may then be used by the consumer.
[0005] Distributing current through the power grid (such as through the electric

power transmission, and electricity distribution) results in loss. Specifically, the loss,



120V). The consuner voltage may then be used by the consuner. [0005]
Distributing current through the power grid (such as through the electric
power tranNermEI983S and el ectricity distribution) resul PETIUS2009880873
Specifically, the loss,termed Joule heating (or resistive heating), occurs

when t he passajge of an electric current through a conductor releases heat.
The anouriermd Joglechepting gor resjgiediepting), Q4carsovhenhe p?ﬁ?%@‘li—f“t &tB®nduct or and

Ris the Juﬁ%mw%gﬁ a%namomraqg%t}ght. THERFodnPSBR%s ISR \EhdO M g i d may be
|t S ed t

significant. been report at transm ssion and distribution |osses
i n the Unutredt tBtaighshavameuetst amdR aslthetresistaftei of tHO@mduatod ThesehesselK at 7. 4%
in 1998. .

006] One. type of. anal ysis tq reduce | qgsses is a power flow
st udy. A‘bé%l?‘;‘”fqr&ﬁdé?ﬁ'd?ﬁ f(‘&‘i“gﬁfnﬁnéwske‘érq%gﬂé ﬁlabmaﬁf f“%ol ves a
conpl ex NRbEH 108k Y HeUARAISSEs %v@reaesﬂﬁl‘é?e'a A YER 1@39@%@&2“1@"" st udy

anal yses the power systens in normal steady-state operation. re exist a

nunber ofatJdb wat®8i npl ement ati ons of power flow studies. The goal of a
power fl udy js to aobtajn co ete vol.tage angl e and nmagni t ude

P or mt 0A0or ” S Al Eis o Ralice st s F apvEpeveriel- Fodaha: gener at or
real po AGTNT 1 PRN® ol LS i Isknown, real and
Faact Ve e o ey B el oo

out put camabaiscappligd ite alpbwedeyseemi Thel podueflow stindy amahysendlas pova¢rur e of this

probl em nunerical nmethods are enployed to obtain a solution that is within
an acceptYpieastipnefmakecadyhgate Apgration. Thewwearast 2 NuseRAr O SORYHR ex i terative

anal YT S e Bl8Ra O IRL ARG SO, Ahenl Bra PRRENB Srudhy g0 ol earLy

exists to provide a sol‘ution, mned qui ckly ‘and in real

time, to dgieadcenipi@evorRaRSasiIe ah@ mhguitadd aabiniaionBiRr BEcHMVARYpOWA07] As
di scussed in the background of the invention, power grids |ose a
si gni f i caysteantouspewfied bugskandrgemeiter reabpewenandogdiage conditigpddnceof t he

R R A e N

di stri butgeaerdt&ﬁ_%g&ivesfsmr%tﬁa%aﬁ%eiaaary:@i%?ﬂ‘ly%a%ﬁnﬁieacﬂhé%o gfe @ power grid.

Demand response is the ability to contro oads at one or nore custoner

si tes, suuhliasarcnatorzidfitiig ppoblem, nemdrioal methots aig cnplsyedtogertemat i on.
solution that is within an acceptable tolerance. The solution, however, requires
complex iterative analysis and takes considerable time to solve. Therefore, a need
clearly exists to provide a solution, which may be determined quickly and in real time,

to reduce the losses due to Joule heating.

BRIEF SUMMARY

[0007] As discussed in the background of the invention, power grids lose a
significant amount of power from distribution losses. One aspect of the invention
includes providing a system and method that analyzes at least one aspect of the power
grid for demand response in order to reduce distribution losses, such as losses in the
feeder circuits of a power grid. Demand response is the ability to control loads at one
or more customer sites, such as curtailing power used or starting on site generation.
The system and method may select one or more factors for the demand response
including: (1) selecting which customers for demand response (such as selecting a
subset of customers for demand response from a larger pool of available demand

response customers); (2) selecting an amount of demand response (such as



The system and net hod may sel ect one or nore factors for the demand
response including: (1) selecting which custoners for demand response (such
as sel ectwogon/msdaset of custoners for demand response Promsacdanges pool

of avail abl e demand response custoners); (2) selecting an anmount of demand

response (such .asdeterm ning how nuch depand response to select fromthe
subset of dSITEYHAR PeWdByddeapnd respgngesto %@Fbgf”i"ﬁgg%%‘ SEERItHSIOMETS e for the

dermnd T &SRRRSS,r PElecTHE ATEHAPE: GRS AR Roesed on 2 demand

response nodel; wh a grid structure conponent; and (2)
a dynami c[0608)r at iTha ncoingebarersty stefthmay be Hasti ronct densnd sesponsmodelywbichpr i se an

i ndi cation_of {uge, a'slrti.cul ar custoner's B@g%ti ninthe grid, such as the
parti cul dPcit6ive ) @ gHGSIUPIYFF SATORRIeA" AR e CINPEY PPCTRE XIBASFRY t he
grid strurhdirfi SAITRRE 8HhpSRNt RRYRODSis@ aNFdhikibR 9f fh’é?ﬁaﬁ'icuﬁé?rcugtﬁﬁlep@”' cul ar
custoner that reflects tﬁe particular custoner's position in the feeder

circuit, pasdienan the gud, ghchi asgh¢ partionlat bestorner’ bpesettbnoalonghe fagidert cirew. of t he
custonmer fromth ubstation. The grid structure co nent ccount for
Che. part i eRPmp B BGEY b S ettt R G PSSy SRR GAHaPT D t opol ogy
of the feeggdulsd duStdider tifat fefledithd pArB@hPE)storeH § ffitiontiAehefebderst ruct ure
component may be constant or dynam c. The structure of sections of the

grid, suchresy, schap aiweighimgffecigethatisbesad on thadistance ohteanstoges froper i ods of
time. So i.d_.structure conponent onsidered st.atic over
t hose pertlhg sbsct) {%5 i ?lr%l.e% écsgrﬂgtgpeo Ontl%olrrr]g?t ?’ﬁ%acgrgr%lxﬂtb@f ?hue&aﬂt?%l%gﬂ%%ﬂ@'nt may be

pr ecal cul @tteelfeadel Sicatteghch s wheat the YPABgY BELhs fEadet tif@itdl atridialgr i d
changes, such as_when a particular feeder circuit is reconfigured, the grid

st r uct ur €°BYRBYNEWherdhe HE SEUSHETRARPAsRNE Ry parensian aF dyrester TB¢ rcuit may
be updat es‘iirucgre of &cti{)];gs;&?g glliﬁ,cs'dbltl as Sgglﬁlfﬂtﬁﬁge%gmcﬁﬂ,l 1Jn y BQ@&%?amt he grid

;
structure conponent i'nto acc ynam ¢’ changes 1 n the feeder
circuit. derpexalsplfeimemnSd thpl, éhef @atiarucaire compsndne niry befeerddered stadai t A and
feeder circuipt B%) r.ra%algave a]%_sci nt er-fnj e . switch and sectionali z'éng swi t ches.
Dependi ng® 6h hoie Peudsah lstearecanie fdhisalihp SEGistrupiUEs qURRARCASMERBE Pifter - ti e
swi t ch andiQilatbdenB&6tel M akdtid NI HRWIHCARRIure SEHe! ggirasch%gésbﬁmh%@%{enm rcuits
may belong to feeder circuit A or feeder circuit B. The grid structure
conponenta paticeaciseddr cironit istecatftguesi, die grivestogture compomens fartthhes i n or der

o det er e L e Ml N N0 RGP LScliPhaf YELRURLE OF i PRIRL SLLfYi A O
may dynamically change, the grid structure component may take into account the
dynamic changes in the feeder circuit. For example, multiple feeder circuits (e.g.,
feeder circuit A and feeder circuit B) may have an inter-tie switch and sectionalizing
switches. Depending on the switch states of certain switches (such as the inter-tie
switch and/or the sectionalizing switches), sections of the feeder circuits may belong
to feeder circuit A or feeder circuit B. The grid structure component may account for
the states of the one or more switches in order to determine the weighting factors for
customers on feeder circuit A or feeder circuit B.

[0009] The dynamic operation component of the demand response model may
comprise a real-time measurement (such as the actual available capacity, the current
flowing through one or more feeder circuits, distributed energy resource capacity
(e.g., wind, solar, etc.). For example, the real-time current through a part of the feeder

circuit may be determined, such as the real-time current from the substation to the



[ 0009] The dynam c operation conponent of the demand response nodel may
conprise a real-tinme neasurenent (such as the actual avail able capacity,

t he currew0 20ioc0aB33g t hr ough one or nore feeder circuitspciiustooolbwisesl ener gy
resource capacity (e.g., wind, solar, etc.). For exanple, the real-tinme
current rough a part of the feeder circuit may be det erm ned such as the
Feal -ti meCREF LB ARG AL Hee SUTSREA B o Bof @SRRI Premiseniapd/of His edlal - ti me

current gin OGOt 15 £ &GSt ﬂﬁarﬁéﬁép %gﬁfnﬁtﬁg{lé)feehgemfc‘ﬁﬁl time current from

a sensor at a partl cul ar seg t rcircuit. [0010] The specific
wei ght i nd00EYt or Tae spéeefigweihaihg ttarres toogrdnenturt epbmpopart tforcul ar cust oner

may be conbined with the real ne, neasurenent of the dyn C, operation
conponentPAERA yslomehmay tleﬁ’é?""é?é'ieldl Wigh ﬁ'}e r&%ﬁ%%&ea%efa t@?merfévn@%c "score"
for the pajetdripHlcip %H&h%ﬁ@klatéd\wﬁﬂ i&gﬁar@cmwoﬁqerE@a&a%mst&f“sw@”re' ative

savi ngs fromfeeder l oss using d response for a particular custoner.
[0011] THer dlermrtd:wlaafspmnmer ﬁmdeffem;md:rsumwldam afshé¢ reddtes sefingsir r ent
i Losse e feeder cir.c s are 2R, where | is the

d/ t
23rrg;1tref?1| E?jﬁef]r?ési“%ﬁ%l mﬁ’i’ EeﬁPcEnSS ‘Efahpqrgcql CYSEENLt ance of the feeder

circuit. [H01HPPr The @Bﬁx‘a@@refsBdSns’ehﬁode@ﬁi@%%ﬂﬁ@ed%r{@shn%sﬁﬁ%ﬁﬂeﬂrhnhhﬁ
el ectri cal di'stance fromthe substati on, An approximation for the current

may be bassstange. thnssesunthmieedey cinguits veddt, where bistth¢ awrrens shranghithet t he

substatl Spec at, the feed

docr easedopier SR, MR Mok BRb R g TSI el AnaiReBRen REEET i cal

di st ance rtsihdd R nsdylisel kiksédon tHel Yefridadd dianes flofPthe Subdtatig®si st ance and
current, the demand response nodel may allow for a nore efficient selection

of the s APRERXIHAtQYEY dhteusTent Wtbﬁ@aﬁea#@eﬁhelswpntdp thycheadrd cirenip s e
CUST OITer Sy 30RG!L | %&;Xwn&ﬂ *@&%‘B{npp?t%a%%g&gﬁa’éﬂ uga‘??#? ORR e TURE QTS Soggy

be | arge, even nu esponse no
not requideercabs (s@hmsldaareaimgek;aﬁ@ﬁnﬂmbs adﬁmmalofpre@tﬂoamhslansé ﬁa@l al | owi ng
for qui ckgésetﬁecutl on of the determ nati on of the subset of custoners.

Y

[0012] At éat@@rr&zﬂerr@gﬁo%g@arﬁ&élre%vce&ﬁaawée@th@etsi@ﬁ@flsifeSPﬁnaeer ns of
reduct i onpjde] mg%r IoWPRS adhorE 'ehﬁ&&ﬁ@ae am&sthb gﬁoﬁafgﬁm{e?@ﬂ% fhkrcuit

and/ or conpare fferent points In eren circuits. In this way,
t hi s opt ilmigeapoamwfdsinagd ompamsd cnetepmrs eSpmar)ﬁcbkby phe fapgerpdobefrdessand secti on
of af eedrgsrpo(%llsé glysltcgmer%%a% e large even numbering in the millions. The demand

response model does not require the solution of a large combinatorial problem,

instead allowing for quicker execution of the determination of the subset of

customers.

[0012] And, the demand response model may compare the benefit in terms of

reduction in power loss at different points in the same feeder circuit and/or compare

different points in different feeder circuits. In this way, this optimization using

demand response may be performed across a section of a feeder circuit, across an

entire feeder circuit, across different feeder circuits, and across an entire distribution

grid.

[0013] Other systems, methods, features and advantages will be, or will become,

apparent to one with skill in the art upon examination of the following figures and

detailed description. It is intended that all such additional systems, methods, features

and advantages be included within this description, be within the scope of the

invention, and be protected by the following claims.



entire feeder circuit, across different feeder circuits, and across an
entire distribution grid. [0013] O her systens, nethods, features and
advant agesownioossms or will beconme, apparent to one w t RCSRiskéovioposvhe art
upon exam nation of the following figures and detailed description. It is

i nt ended ch additional systens, nethods, features and advant ages
be i ncl uo‘%@%@ﬁ%ﬁﬁkﬁm@]ﬂgﬁﬂgtﬁ%ﬁ, WG thin the scope of the invention,

and be pr ted the follow ng clainms. BRIEF DESCRI PTI, ON THE DRAW NGS
(00147 FiIEDFA" 3 FiBbct DR 3 Bogl HskEhef of pRIBRERTicPmpoRaH BT TR Fe P Beand
response sgysinem [0015] Figure 2 shows a bl ock di agram of the Sub VPP

Al [ ocation System as depicted in Figure 1. !0016}) Figure 3 is an exanpl e of
a flow dil88+dm fgrgué%QégQWﬁgb@Ck@!ﬁ@é@m@ft boWBP Allosatignehystem agésponse from
t he pool . i dermand response custoners. [0017] Figure 4 is a

repr esent(% llcge\réqg%gll osses in a feeder circuit. DETAI LED DESCRI PTI ON OF
THE DRAW[DEXS] ANDFigde PRESEN BN ERE BRRE &rMBI0H MENTRg[aQ0bs ot i1 [ 1 ties
typically have few options in attenpting to reduce Joule heating loss in
the powerCUgiM§Ts fon demanthessponse drane Heiroof etianaglabls dlemand 8PABSel oss as

di scl oseq bgreid is by using demand response. Specifically, the preferred
enbodi ment's descri bed below rel ate to using demand response to reduce | oss
in the pd08t7]gri Higuseid s ascpreseatonof tierlesstemdefeeddrrcbiguits i n t he power
grid). [0019] Denmand response (DR), as a general matter, is the ability to

trol | ! ' r e used in
pover gr !ﬁg\f memmﬁ%@&%ﬁ%ﬁﬁ%ponse to
suppl y cd ; : @O&J‘WWT%ndi tions may relate to redlﬁci ng consgnpti on
t iti i r.el at h .n market prices.(s s providing a
ori ci ng 0010 "R BhERRLRE AT e st R R ie R0 TR R
tinmes), redsdhehd povediamide Ondmanair idhidhtty refuceNeilghedtsiiclosas Qsdléseaul ar

ti mes when renewabl es, such as solar, are available), etc.
- herein 1s by using demand response. Specifically, the preferred embodiments

described below relate to using demand response to reduce loss in the power grid
(such as in one or more feeder circuits in the power grid).

[0019] Demand response (DR), as a general matter, is the ability to control loads
and/or control generation. Demand response may be used in power grids to manage
customer consumption of electricity in response to supply conditions. The supply
conditions may relate to reducing consumption at critical times, relate to changes in
market prices (such as providing a pricing signal to the customer to indicate energy
costs at different times), relate to changes in availability of energy (such as particular
times when renewables, such as solar, are available), etc.

[0020] Thus, demand response may involve curtailing power used or by starting
on site generation which may or may not be connected in parallel with the grid.
Demand response schemes may be implemented with large commercial customers,
often through the use of dedicated control systems to shed loads in response to a
request by a utility or market price conditions. Services, such as lights, machines, air
conditioning, may be reduced according to a load prioritization scheme during the
critical timeframes. An alternative to load shedding may comprise on-site generation

of electricity to supplement the power grid. Under conditions of tight electricity



[ 0020] Thus, demand response may involve curtailing power used or by
starting on site generation which nay or may not be connected in parallel
wi t h t he woi2d10/@e3and response schenes nay be i npl enment @dTRISRIV9I0B080E
commercial custoners, often through the use of dedicated control systens to

shed [ oads i,n respanse to a request a utility or. market price

condi ti orfgpplﬁeq‘?ﬁ%’glsrf"s%oﬁ'%m% S}Cé“b‘sl‘&agwﬁ%ﬁF tRespeakiprice apdyiipigRiTAly, may be
reduced agdidiygideQotifl@pd prioritization scheme during the critical
timeframes. Analternative to | oad shedding may conprise on-site generation
of el ect rlP@2kly t Demappirespense is gengualiyeusegrtd defetodeechaoisdistisei® of ti ght

el ectricitysuppl demand respgnse sjgnificantl educe .t he peak price
and, in gen 1%r§$e; gdéﬁs'é’EFP{}EEi“i‘ﬁ“’g3F@é“€§¥%?$§fﬁ?lnﬁéﬁezﬁﬁaﬁ<£mﬂ Blesponse is
gener al | yeldis@dtyt SincetRctrical SREMMre FEndtalelsiod RIKRRERIR BPREHABHSd © I educe
demand, thereby reducing the peak demand Tor electricity. Since electrical

systens dPWsgeaigindpr grrey anddinderesesn eaenoh dowaringezeak denrand maplreducear gi n f or

error an Q vent s)., | ower i eak..demand may reduce.overall plant
and capi S)élfu;&ildg%ﬁgggﬁ?@garlrgﬁ%ts@q eﬁneeﬁgsg%pgrhd'{l%gn@l?n@f‘ég}’ PBRfof generation
capaci t y,geheragvie tapadigyiaiotveves demasd ripoleSRaybflssiBedseldQo iRGERagemdsdaand

(load) at times of high production and | ow demand. Sone systens nay thereby

encour ag él%ﬁ)a?tgyn%%qf_ﬁg@bp@éuam anddgw dsarapdehope syiriss oy itkelsnd hi gh
demand ( QhobibPOflrdY AhraBE hf Eblirade BAlen' b oF AW S nidh aliBhOP femand

response to r Cl rcul enand response nay r(aoéuce t he

amount oflowwnd &igh privat).i s required to be transmtted through the feeder

circuits, reby reducin he amount. of Joule heating | osses in the feeder
obP bel fories

circuits. di Stihe<paisxhed winedrmandaesponee toteduss feirepis laspesei f i ¢
demand r .ent i response
cust oner ?)%Hﬁ%gg%s?? I cgﬁ% 1%d§1 %1{3@1? éi?n gél?l |{ gﬁéuo '? Lhea?fssurgg‘%al?éa ot:pagse 6%??@?%ddenand

r esponse thuosgh therfsedelr conuits) ¢herelygedugong theofmquoit efifoudd heleimgriosseesphase

REERE N N R R AR TN T W
e ekt Ol PSRN Ao Sl 2 bl o
system Tipecibicalty tlii sedecaion @& pheczubsetiof specific demand response customers (from

the larger pool of potential demand response customers) as detailed below may reduce

the Joule heating losses more than a random selection of customers (from the larger

pool of potential demand response customers).

[0023] Referring to Figure 1, there is shown a block diagram 100 of an example

of various components in a demand response system. The block diagram depicted in

Figure 1 is merely for illustration purposes. Different components may be present,

such as disclosed in U.S. Provisional Serial No. 61/127,294 filed on May 9, 2008 and

U.S. Provisional Serial No. 61/201,856 filed on December 15, 2008. U.S. Provisional

Serial No. 61/127,294 filed on May 9, 2008 and U.S. Provisional Serial No.

61/201,856 filed on December 15, 2008 are both incorporated by reference herein in

their entirety.

[0024] The demand response system may include a commercial operations system

102. The commercial operations system 102 may comprise a part of a utility that

optimizes the generation portfolio. The commercial operations system 102 may

address unit commitment, determining determine which generators, from a fleet of



Figure 1 is nerely for illustration purposes. Different conponents may be
present, such as disclosed in U S. Provisional Serial No. 61/127,294 filed
on May 9,wPQ0B/msxsU. S. Provisional Serial No. 61/201, 8p6éTfiisb@d/oas7Decenber
15, 2008. U.S. Provisional Serial No. 61/127,294 filed on May 9, 2008 and
U S. Provisional Serial No. 61/201,856 filed on Decenber 15, 2008 are both
i ncor por £EBEANS erwiiy s d1esal; 19 Ysp 1o mepycustent load peedso EWE, thhe denand

- ial i h
oonOre® HAIEIAITHA G UiGed IBOTR/ & BniRP BB o PhER i e T

commer ci al operati'ons sys rise a par y that
opt i m zexnetdssarg e ateat the Mogaareefioht prak Tikeesconmer ci al operati ons system 102
may addr omm t ment, determn ning determ ne which generators, froma

ni t ' .
fleet of géﬁgesﬁat ofl Bergare;many Fxanyples gg’eﬁggaéwr,s ayglableatithe disposabof thent | oad
needs. T SRR, [ aty i Re. it he vari ous
gener at o:&gmég‘?ghr e neggéggé?@g?g' ?é%?ﬁ?%%kg%l%g%%ggy%ﬁ%%@ ﬁl%r?es [ 0025]
Ther e ar pomenplaetsaniless pofvegplaetsattor SAnavter kyylel of “géneriter dthapie ashilable t he

commerci al operations system 102. Traditional] generators may include
Conl <11 r QR UBARERDY APROr IS ol CEETEd FPRRORTocR A pesal

" gener at owet PRuC (S PRYAIT nardd i [ 02 may
i ncl ude g\nhgngﬁrtes(pggﬁs}e gg‘péﬁ%/i rt Eglsﬁb%gévrxgé&p@é '?IE@ %%%%Bé‘?ﬁ%%ﬁ%%mnd
r esponse relkpessarstuggs tier amneurd vf lqadwer sffate gardatinestho ameuntedfyoeer epgal anount  of

| oad, in effect nerating the ampunt of power equal to the anmoynt of | oad
reduced. ¥ ecﬁ"hoé‘\%l‘?ﬁg{oﬂé re cﬁ‘?’elnd%t nﬁoﬁ%é*s%'?ﬁ?s‘%"?f’g’g TESRONS Q@ége ®teduci ng
| oad, d?@'&ﬂiubfﬂ%ﬂ@é’tﬁ Qemadid k3BoeltRS theddffdet bBHiMEn @R nfORE Ge RRBE at Or
capability. [0026] The system | evel VPP optim zation system 104 may

det er ni n&apgbalityt he particular |oad at a particular tine, the amount of

power th eds "den ed’. hy .the VPP usin mand response.
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needed,
example, the system level VPP optimization system 104 may determine, for a peak

load of 900 MWatts, that 150 MWatts of demand response is needed to reduce the
actual load to 750 MWatts.

[0027] If the demand response capacity is larger than what is needed, then a
subset of the customers within the demand response pool. The Sub VPP Allocation
System 108 may select the subset of customers. For example, if the system level VPP
optimization system 104 requests 150 MWatts in power reduction via demand
response, and if the demand response capacity from the entire demand response pool
1s 300 MWatts, then less than all of the entire demand response pool may be needed.
The Sub VPP Allocation System 108 may determine which customers, which are a
subset of the entire demand response pool, méy be selected in order to reduce the
amount of losses in the feeder circuits. In the example given, if there are 1000
customers in the demand response pool, the Sub VPP Allocation System 108 may
select the subset of the 1000 customers to meet the 150 MWatts in power reduction
and reduces or minimizes the losses in the feeder circuits. There are a multitude of

ways of obtaining the 150 MWatts in power reduction by selecting different subsets



subset of the custoners within the demand response pool. The Sub VPP

Al | ocation System 108 may sel ect the subset of custonmers. For exanple, if

t he syst ewpDI2ewal9334PP optim zati on system 104 requests 1BOTNAAMWH0GSMA3 power
reduction via demand response, and if the demand response capacity fromthe
entire demand response pool is 300 MMtts, then less than all of the entire
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to the Sub VPP All ocation System 108. As described below With respect to

Fi gures 2letonairg, antaneoust bf prerAd rgbst ifom SestustondsSsaleyedd dnedditioa tohi ch
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the input fromthe system|evel VPP optim zation 104, the Sub P
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schedul e P the qri e 114. (such .as ovi.di ng vari ous
real -ti nznég(glg g énsggc?lﬁgemg??%c, Qri %lgfeusg'}’%tﬁﬁénesﬂ’speo 1c£e§ °f (ra‘hlf’ > 5?2' %e\rﬁcgoror nor e
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A I
send one sekecmdensingnat sf povdrite rédRchioate restomSypselemed, the Sub VPP
Allocation System 108 may send one or more signals to the DR Management System
116. The DR Management System 116 generates the signals to send to the customer
premises in order to control load at the customer premises 118. Specifically, the DR
. Management System 116 may send commands/signals to the customer premises 118,
and the customer premises 118 may send responses/availability to the DR
Management System 116. Though Figure 1 depicts customer premises 118 as a single
' block, signals from the DR Management System 116 may be sent individually to each
of the customer premises 118 selected for demand response. For example, one or
more customer premises may receive signals that control one or more devices at the
customer premises.
[0030] As such, technologies may automate the process of demand response. Such
technologies may detect the need for load shedding, communicate the demand to
participating users, automate load shedding, and verify compliance with demand-
response programs. Scalable and comprehensive software solutions for DR enable

business and industry growth.



116. The DR Managenent System 116 generates the signals to send to the
custoner premses in order to control |oad at the custonmer prem ses 118.
Speci f i cavbyepiodess4sDR Managenent System 116 may send comramdsi@ngomis to t he
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System 108 npy. conpri.se conput er . systemthat includes a processor 202 and
a menory B®anchde Vol ficRztadatls memasyandngy Wege Yo OAMeESy i ncl ude
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memory. The memory 204 may include, but may not be limited to, computer-
readable storage media such as various types of volatile and non-volatile storage
media including, but not limited to, random access memory, read-only memory,
programmable read-only memory, electrically programmable read-only memory,
electrically erasable read-only memory, flash memory, magnetic tape or disk, optical
media and the like. In one case, the memory 204 may include a cache or random
access memory for the processor 202. Alternatively or in addition, the memory 204
may be separate from the processor 202, such as a cache memory of a processor, the
system memory, or other memory. The memory 204 may be an external storage
device or database for storing data. Examples may include a hard drive, compact disc
(“CD”), digital video disc (“DVD”), memory card, memory stick, floppy disc,
universal serial bus (“USB”) memory device, or any other device operative to store
data. The memory 204 may be operable to store instructions executable by the
processor 202. The functions, acts or tasks illustrated in the figures (such as Figure 3)
or described herein may be performed by the programmed processor 202 executing

the instructions stored in the memory 204. The functions, acts or tasks may be



menory. The nenory 204 may include, but may not be limted to,

conput erreadabl e storage nedi a such as various types of volatile and
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strategy and har dwar e, ated circuits,
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Li kew se, sepiiecfaféidiingsf Bt PEIceSsofBY2,IdGhatiRcdllyl dsiaRiReAR&! Wilh thyul ti t aski ng,
paral | el processi ng and the like. [0033 The Conputer systemfor the Sub

VPP Al | oceftwgre stgied dnthegsemasy 204rartiethe dristeutnét- a di spl ay, such as a |iquid
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Addi tionally, the conputer system stem 108 may
i ncl ude awenirpbertangethear eeeionbperatiecto mtemzidt oxithathelsgsterho | nteract with any of
the [0035] The computer system for the Sub VPP Allocation System 108 may also

include a disk or optical drive unit. The disk drive unit may include a computer-

readable medium in which one or more sets of instructions, e.g. software, can be

embedded. Further, the instructions may perform one or more of the methods or logic

as described herein. The instructions may reside completely, or at least partially,

within the memory 204 and/or within the processor 202 during execution by the

computer system. The memory 204 and the processor 202 also may include

computer-readable media as discussed above.

[0036] | The present disclosure contemplates a computer-readable medium that

includes instructidns or receives and executes instructions responsive to a propagated

signal. The instructions may be implemented with hardware, software and/or

firmware, or any combination thereof. Further, the instructions may be transmitted or

received over the network via a communication interface. The communication

interface may be a part of the processor 202 or may be a separate component. The

communication interface may be created in software or may be a physical connection
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conponents of system The input device may be a nunber pad, a keyboard, or
a cursor control device, such as a nouse, or a joystick, touch screen

di spl ay, wermtog9smntrol or any ot her device operative t®CraiSesmvosasth the
system [0035] The conputer systemfor the Sub VPP Allocation System 108
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ot her corlqhomrihi?lgumsystem or conbl nat| ons thereof The connection with
t he network may ysi cal connectl on, such as a w red Ethernet
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of how muaetorsfihelodingn(1]) tlassasount of load; (2) where it is located in the grid; and (3)

how much current is running through that portion of the grid (such as the amount of

current running through the particular feeder circuit).

[0039] Given that the demand response pool may number in the millions of

customers, the DR model and the below analysis allows for a quick execution of the

determination of the subset of customers. The DR model discussed below does not

require the solution of a large combinatorial problem. Specifically, the DR model

does not require examination of all of the possible combinations of using 1 home, 2

homes, 3 homes, etc (up to a million homes in a pool of a million customers). Rather,

the DR model may be composed of two sections: (1) a grid structure component; and

(2) a dynamic operation component. The grid structure component may comprise a

weighting factor based on the sensitivity equation (an example of which is disclosed

below). Each of the available customers in the pool of a million customers may have

a specific Weighting factor associated with it. In this way, a set of weights may be

pre-determined for one, some, or all of the customers in the demand response pool.

The grid structure component may be considered static in nature. Specifically, since
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a given demand response capacity wll provide. Specifically, the DR nodel
may determne the effect, in terns of reduction in feeder circuit |oss, for
a gi ven deoenth/msesiponse (such as the reduction in feederctiuseamdnodsess for a
particul ar candi date in the demand response pool). The DR nodel's
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not requidRiohies SPINALEARCfeedercfc@g combinatorial problem Specifically,
t he DR nodel does not require examnation of all of the possible

conbi nat i [0840]of usidnthe Hyhamn, opRrdimmesmpdnérdmesy, coptrise apedlairae m | | i on hones
in a pool of a mllion cyustoners). t her, the DR nodel. may be conposed of
two sect i GRS Gough Pﬂhl’étaf‘%‘é{ *El‘faélaggr?ﬁ%é% fheéHH_e’%téfo"é}ng?HQHg}bﬂBper ation
conmponent fee A irdiit, AistiBHEd E’ﬁe?%§’ RITBOIE BhpdIRY (£8TWihdE Soldr, Wed fMhg fact or
based on the sensitivity equation (an exanple of which s disclosed bel ow).

Each of typecifivaveigiting fauigrt fome particular leastpmet maj ba combined wituthe oeadr s may have
a specific weighting factor as iated with jt. In this ,..a set of

wei ght's ndf)° B@g%???%gtaésroﬁiaﬁeéﬁwﬁg?hed?‘f‘é?‘“ﬁ%rn“éfs{o&?eré‘l’ fietf)‘fm‘fl\é\@/ec J8%6ners in the
demand r e®pERIARAMr custbRedL ifleSédt dGhiHsBreGRIBARRIYS (REMI AR cGRMRpLer ed static
in nature. Specifically, sincethe grid structure conponent is an indication

of the griremdeadgetoss or apacticudar castomer. Aalshewh beldwrcombining the whighting d
t t t i tati.c. W th i.d st t IS
changed. REONBARTR roIPMmB ErcONERE Ry ShbF ¢ PR aB MRl PSP EbC ) T

St r uct ur eSehap diie simplasatiemapfdatopdratiol Ghayalse peiforaed forsdathli6f tistori@@ponent
for the custoners on the revised feeder circuit. [0040] And, the dynamc
oper at i onn¢BipBhepeolipdpvailabls sustomerp.and-the neeorpsa §antharistomerns arayas t he
actual avgl.apl | : C ] i er circuit,
distri but&ggl %néf(a;&/&f%gd urrxglghggtgadéﬁ y lﬁee;vgg}qﬁo\?\ng}letd%v ag%{ﬁgrc ﬁag?%&)%g The

speci fic sslHcghting factor for a particular custoner may be conbined with

82,? elr’ ﬁ,'alne[tﬂb%ﬁ m;,‘ 3%35@8% rlll’tl thaesffo%: Lﬁe}negoé"fntﬂgﬁrré%, B}%r\}véi(g:llljtl fgéto(r:sunsqg}g) e rto
determined (block 302). As discussed above, the weight factors are the static portion
of the DR model. In the event that a portion of the grid is modified, such as changing
a feeder circuit, the weight factors for one or more customers may need to be
modified. At runtime, the allocation for the demand response may be received from
the system level VPP optimization system, as shown at block 304. And, real time
measurement(s) may be received, as shown at block 306. The real time measurement
may comprise the amount of current that is flowing in a particular feeder circuit. As
discussed in more detail below, the sensors necessary to determine the real-time
usefulness for one or more customers in the demand response pool may comprise
sensors at the substation. In this way, additional sensors in various other sections of
the feeder circuit are not required.

[0042] The weighting factors may be combined with the real time measurements

to obtain a sensitivity value. As discussed below, the weighting factor may comprise
S |:l -So/8 ]
and the real time measurement may comprise Iy (the current to the
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for the particular custoner - in effect a neasure indicative of the

rel ative savings fromfeeder loss for a particular custoner. As shown bel ow
conbi ni ngwohleilwvmsyht i ng factor with the real tine nmeasuPERAISROMIMYISCHNPri Se
a sinple mathematical operation. So that, this sinple mathematical
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wei ghti ng tor _may copprise - e s/ s L and the real tinme measurenent

fa
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capacity from.the rtlcul ar in ord r to determ ne the useful ness for
us:ongI dgn%ﬁﬁe?é‘éiﬁi & ipdprms ?ng‘ﬁT%é‘BPé‘i‘ fee %‘t‘BPFé‘FﬁOSPﬁ?jéhena‘ € PRt ighisst of the

usef ul nesgink @offn? "t(ﬁ'rﬁlecl:fusﬂbﬁﬁycédlt'l‘lghé SRYRA tg%afééyhkﬁhﬁés% &Y ARS8, tﬂ@ts%t@fhned for
one, Ssone, t he custoners in denmand response poo as shown at
bl ock 308mnay gjlocate the required demand response based on the ranking, as shown at block

312. For example, by starting with the highest ranked — or greatest usefulness in

reduction of feeder circuit losses — and working down the sorted list until the demand

response allocation is met.

[0045] Below is a mathematical discussion of the analysis. The mathematical

discussion is for illustrative purposes only. As discussed above, the losses in the

feeder circuits are I°R, where 1 is the current through the feeder circuit and R is the

resistance of the feeder circuit. One difficulty in the analysis is determining “R” or

resistance in the feeder circuit. One manner to determine “R” may include installing

instrumentation on the feeder circuit lines. An alternative (and more cost effective)

solution to determining “R” is to estimate that the resistance “seen” by any potential

demand response customer is approximately proportional to its electrical distance of

the potential demand response customer from the substation. The exact amount of

resistance may thus not need to be determined; instead, an approximation of the

resistance may be determined. In this way, the position of the potential demand
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this way, at runtine, the weights may be conbined with real-tine data and
avai |l abl e demand response in order to determ ne the usefulness (in terns of
reduct i orworeofoamsss circuit | osses) for a particul ar demamdSe@oposse
custoner for that particular time. The usefulness is thus an indicator of
reduction in feeder circuit |osses. [0044] The useful ness for one, sone, or
al | of tHesRAnsE epegaerip thengridimay he apesmindder pabputithg ners foppdditionads shown at
bl ock 310 nd response pool nmay be ranked, with the

hi ghest r"é’ﬁﬁ%“éﬁﬁg’gﬁ%g?%ge%ﬁ 1(Iz)ﬂarrer with the greatest usefulness in terns of
reduct i on{0D#6]f eedevotie difficilty dstheanalydieis defeminging tHel @inest dis@ibktig®ing to the
custoner with the second greatest usefulness, etc. And, the system may

al | ocat e hh&eeferfirquiy Asahismasedabpvh destpucatation at Hie subsirtiommaggensiown at

bl ock 31 gtggrga . : 1 i o r - gr eat est
usef ul negﬁslelgﬁ%lrie uctlhgrrllt t?)?t 1? tggg{larl?éj%iamﬁ%l}l%}gfsesdeeg%ﬁégﬁdg%ﬁ%n%g%om t he
sorted | istaydindmlthd hubsddomndrivespadsepautrostadlomgthe svaysb.thdt@RA& rddel ow is a
mat hemat i cal %i&?cussi on of tgg) anal yi}s. Tgtg mat hemat j cal di scussion is for
i 11 ust r at$79RS FHApoAY semyhe suosighiopyd be speshir airenhdisiruitien as g fyngliopeeder
circuits , | : f Licihi.t and R
is the reﬁfﬁtg%?grdggg{eﬁgb?tgg%%ﬁg I &fllstr:ﬁl??{e egg@gﬁi%oﬁg&éﬁngﬁgﬁsmg l(galr?zlgl ysis is
det er mi niinghe¢ Redarcincesi digamg eathar thavchdvireriestramentatidn at@adongpsraong of

determ neh" R rnal%/i i nclude installi n% i nst ruﬁriren at.ion on the feeder circuit
lines. Ad&fSedFh fﬁu\l}éotf’sﬁmsﬁ ° WESHICITERt ‘§té‘£)bu§‘6‘F’lﬂnF8ﬁ“f°6‘3det ermining "R
is to estigpRd@mhiiéd meliRds ARl PeaREE FH&AmMPRY aRBYpARhEA Al eRmNd response
custonmer is approxinmately proportional to'its electrical distance of the
pot ent i al fudetimmef digapremsay kased ne rpifrovimat thesubsntadistobutidihe exact anount of

resi stanc y thus not nee 0 he determ ned; instead, an roxi mati on of
the resi s[t%glr@e WER}ﬁ'ﬁén%}%chrog;iah8%?'“561%{1}?{’5%%89?5%9%%5%%’ P?Vc?ﬁﬁ “Pie

pot ent i al meebBAcioanRa fSinEluaingNprefdréndetter Geliéhs Wath the hahequRhfdd (@ W t hout
the need for additiopal costly Instrumentation in the grid. [0046] Another

di ffi cul t§prieALt #nsl pisberense dor loadiBirdiesti friom ghe subsiatipn e hit thisi waysithwut i on i n t he
e T Y
As one noweseederlpadingm t he substation, various |oads tap current along the
way so t W%}Mé]he Cl" rerpg\r;/ter loss, Pr, may be derived from the feeder circuit model shown in

Figure 4, and represent an example of the power loss in a feeder circuit. Specifically,

Figure 4 illustrates resistance Rsgg, various resistance segments (R;s, Rys, and Rys),

local segments resistances (such as Ry, Rr2, and Ryy), and local segments currents

(such as I}, I, and In). A general equation for modeling feeder losses is shown below:

[0049] PT :Rki]’im (k)—Rki[Ilhm (k)_VD((’n’n)):|

m+l m+1

[0050] R, 1 (k) - sz{J,,w (B) —M}

Ve (m+1) [1-1]

[0051] where R is the section k resistance, V.. = Secondary voltage at segment k,
D = Section negawatts (or negative megawatts applied to the system). In analyzing
the above-equation, the following is determined: (1) DR further from substation

counts for more per kilowatt than closer to the substation; (2) real-time topology
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drops farther away fromthe substation. The specific current distribution
as a function of distance fromthe substati on depends on the exact function
and nat urwoabidess4dsoads in the feeder circuit. Again, raCoars2akamshavi ng
instrunentation at various portions of the feeder circuit to determ ne the

specific current d| stribution, one or nore approximation nethods may be
used. Formaderrdsee (D32 seemeanthrapels gueant Battars: ande (@ phassmasterdsathehce my be

used to dlstrlbutlon 0047] In the instance of
%ﬂgg%ﬂﬁ%ﬁ@ bk BEr fé%ér?ﬂﬁ? [ ]

al I ocati ng response per feeder, several factors may be accounted for
i ncl udi ng0052]ef elFerther hodiséeeetbats ve) ari*a;:tphﬂihiagdmeﬁir thkeimdivdti{o of thar r ent) and

preferencefor dfurth fromthe substatio In this way
usef ul nesr§S‘6tlan‘E d%ﬁlﬁ?f&c?lé}é?}% rqmgfhea B@H?nfﬁblsaapwxm%m léha%?ﬁ t he

feeder ang, hbasdafABh ullg%cglwl pIL&O&f&LHeTn@s PMBEN RSt oF rebistdIRY. Papderi ved

fromthe feeder circuit nodel 'shown in Figure 4, and represent an exanple
of the powee isredwceidnn sizé ¢eaeerycimatiimounspsuch bis aaphﬂtyculaFugm tength)i it magt r at es

resi stance RSEG var.i ous eS| sta se nt R s, R2S RNS) | ocal
segnent s &F%P%m%'gm(égﬁ pecLgn ﬁ‘ %”‘E‘?Fda%ﬁﬂta';%?aﬁ%egﬁh%m@s currents
(such as darficuldr amciméof Mlstan@e E%n%r;?ahlﬁﬂ%ﬁ&ﬂt Bpfesﬁ'&qeé t)é}ghé eeder |osses

is shown bel ow. [0049] = 51] where RK is the section k resistance,
Vsec = Sawmlé?rwnwtdbmag@u‘dta t GtyenDhis S@@mscﬂksmegmanm tfeor negative

nmegawatts a Ile to the s nal 2|n uat . on, the

fol | ow ngre§'§tgﬂ°eet r%OH%HVIre % c%gzrfcﬁr(l?ﬁ%rw’f% &PFS‘%E%%&@ I ore per
kil owatt dofamt6f Q@Efanb@péﬂlﬁnﬂ@b@h% hfSroxindake ﬂﬁ&égﬁthﬁ'& JrAROWvREY TRist ers (see
(1)); (3) segment throu&ﬁ current matters; and (4) phase nmatters, so that

ranki ng sqp@m@nb@lwérsuﬁ eléar am@atg@lar[\m%g“]thwpﬁchnoass ¢lativelysedstaiove, an
appr X1 Ml Qhumb Al ol e Al G G lé % HERE BhANGR Wk 'S Bheflbice

di st ance rom Che s ion oXi na |on I'S "base assunption
t hat a gimenbeaetdiatorwfiee ﬂaalStaac@erhéxaexnrmﬂmgmxstﬁButieesctsssttmesa If the wire
is reduced in size to a very small armunt (such as_a particular unit

| ength), it may be seen as_an el ta sectml the wire. The el enental
section d008¥He wike=maR.a lhatklc FL ] stance (i.e., a

parti cul ar amount of *resi st ance per It he partf c‘ul unit | engtlpysuch as

Winch). Gven this, if one seeks to determ ne the
[0054] where P1s = reduction in feeder loss power due to invoking demand

response,

[0055] R, = magnitude of resistance of segment R

[0056] Imn(k) = through current at segment k&

[0057] D(?¢) = actual demand response at segment /¢

[0058] Viec(£) = secondary voltage at segment ¢

[0059] m = last segment with Demand Response.

[0060] The following equation may be derived from equation [1-2]

oP,
aD(e ) V.

[0061]

”Mﬂ

lhru =Z
et [1-3]

[0062]  If one focuses on only one demand response unit (¢,), then

Of.s

an(t,) V. e)Z{ T ()

\ec

[0063]

[1-4]
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resistance of a long wire, the distance of the wire may be multiplied by
the particul ar anount of resistance per unit length to approxinate the
resi st ancwoabioidess4di re. This approximately is suitabl e fPom/im2@anviscal ar
wire if the cross-section is relatively constant and if the sanme nmateri al
is used for the length of the particular wire. So that, Iength may be an

i ndi cat oryg@éqt he {.afite t uted resistances. [0053]
[ 1- 2] [0(!52? ]vvhe%gpg(i) ase%ﬁq%ﬁef?érﬁ?l é'a e otégtppower due to invoking
dermand response, [(})055] R k = magni t ude of reS| stance of segnment R [ 0056]

| thru(k) @oédir ou rent< at § g}ﬁ,n,t HR057] () = act uaI demand response
at segmen[t é[]00583D(\s‘§)3c(V)(s-0 cog ar ”‘go}tage at segnent (Eggi] m = | ast
segnent with Demand Response. [0060] The foll owi ng equation be derived
from equygbd [1P§Jreh@i@&211nol\zxfle(¥%%fffé’&ié§§t§*r&ﬂaPEHcYn segxﬁeﬂemand response unit
( 0) , then[0064] Let g ( stance, then [0066] P L S requires

know edge of feeder current at eac,,h Sg%iﬂént [Q,061§ rel ,hru is the

f eeder cyooent atpﬁ_%gnpmjw' Qkycg feeder current (or

an indication of |t) be de er in seve Afirst way is to
pl ace sensors at each of the segnents in the feeder CI cui t [I1#®]order to

TeASUT © {BBSHILY T Sbkrd D0 BSRFELIUR R GITERLy A\ RYGORT ol (BRL Tequiring

i nstall atl on ‘of sensor” ine t'he"tust onmer s’

prem ses feadee buaanti(or aﬂmé\i‘datlslysf R)ihay Seeeuefmmaﬂ iy seviefal (Whlyy Refirstwaat a i s
avai |l abl e: [0069] "thru [0070] where D(i)=_total demand at segnent”™ which
is M\ [0btop ae‘(t)enswmcbrﬁﬁl)e segmeatS[lnﬂaq fepdry eupuit/my eglectompeasureddarand at

meter m QfyrkREinIRIMEP ctivd REGHERT & second way (not requiring installation of sensors

on the line is using meter data at the customers’ premises (such as in an AMI system).

Specifically, if only meter data is available:

[0069] ]lhru (k) = Isubslalion - i |: D(E) ]

=k +1} I/Sec (f)

[1-7]
[0070]  where D(¢)= total demand at segment £ which is
M-1
[0071]  D(¢)=> MD(m
m=0 [1-8] .
[0072] MD(m) = meter demand at meter m of the segment. Therefore:
K, M=t MD(¢,m)
[0073] lhru k) Isubslalmn Z Z
e=k+1 m=0 \ec (Z m) [1-9]
[0074] If this is rolled up from the end segment back toward the substation:
M2 MD (&,
[0075] lhru (R) Isubslanon Z Ill1ru (f) Z m)
= k;l m (k )
T o e
through equivalent
currents [1 _1 0]
[0076] The current for & next to end segment is:
M1 MD
0077y 1, = Z—(m),-
m=0 Vvec (m) [1_11]

[0078] where MD is from the actual end segment.
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KWI M)(Im [0073] | ih (k) =1 iubsla im - - [1-9] [0074] If this is
rolled up fromthe end segnent back toward the substation: [0075] [0076]
The curr ewO 2bmvo9B34next to end segnment is: [0077] ' e n @CEUL2e000(8M) '
[1-1 1] [0078] where MDis fromthe actual end segment.[0079] A third way
to approxi@ e f?\ﬁger current in the feeder segnents of the feeder circuit
may be bd2®®lon irfl svay P approx BARte ffepdeneursamb &t ieifender segmemtkefrtbeind, it nay
be assunggedehalc@s Eﬂﬁeﬁ eﬁ%’ﬁtm§ FRYE ﬁ.lr;ern‘()[? %Q%u&l&ﬁ)tnat/iso&c{( bouflgG[ eases
due to custoners alonhg the way fromthe substation tapping e current (and
may be assantassumeldtneasthe romontardivesl from itlie substatioh,iadocrgiseddwytst em) . The
precise current in a feedefré circuit is dependent on the nature of the | oads

and wher SUFRBTSAH N B e eom hneibsiatien (apping be cuer (andmayibe asusdon and
of f, thepuestag M&&ﬂ&alfygg%gmihgﬁrﬁiﬁygé €The Qe FRANGESEOYGT time.

[0080] Gven this, it may t feeder current decreases
exponent icachy issdepandenhob tlematire off ¢tot loadsednddwbdratiey dre conrfebeds Wit ati on. I n
effect, the current follows .an exponential decay nodel as it es further
away fromctHE® gi’%%ﬁ‘."’“ﬁ)ﬂf‘ﬁ@ﬁxﬁg&@ggjf}S?,pr?‘H?esc F 833 PAtiFYAT H;géert ake the
form of Isesmenrt ch@hg@soveOP@d] where s is the electrical distance of the wire
(the actual wire length, such as including the curves in the wire), and
where S i[808)]par Gmvenehist it maydieaasswned thatthefesies tamerd dasreasebunct i on of

di stance along.the feeder. circuit. [0082 i ven this .approxi.nmation for the
feeder cUrP %’?‘ne?‘tl?l}rﬂy %%ﬁglgé% ﬂf glﬁﬁtalcﬁli ‘8&*&“‘19143”83%‘? WISW'&PF'O# ‘ffltg‘?c ’rtbgi st ance
(descri bedrralfeRows ab ek pitheRfigIRRELY PBEE dsGt mbSeschuRBbl 4w/ fréthghance of the
potential demand response custoner fromthe substation), then equation

[ 1-5] maysubwatinodi Mathdmacdllyl, thosapproximation may take the form of 7(s) =1, ™*

>

[0081] where s is the electrical distance of the wire (the actual wire length, such
as including the curves in the wire), and where S is a parameter that characterizes
resistance as a function of distance along the feeder circuit.

[0082] Given this approximation for the feeder current in the segment and given
the approximation for resistance (described above as being proportional to its
electrical distance of the potential demand response customer from the substation),

then equation [1-5] may be modified as follows:

oP 2k 0
[0083] LS = 1,.(s)ds
aDR(SO) VveC(SO)f " ( ) [1-12]
2k oP, So
0084 Repl by, LS - 1"1
0084 Replae 003 iy~ L e ()

[1-13]
[0085]  then approximate /(s)=1, e™*’%; then

oP, o L erS:
0086 LS I 'S/Sd =7 (- =s/S|%0 _ -So/S _ _
00861 sy b e =l (-S)e ) <[ 1)) [1-14)
e s
[0088] —Qliq—z_S] [e‘So/S _1] =57 I:l_e—so/S]
6DR(s0) 0 0

[1-16]

[0089] where Ij is the feeder current at the substation,
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[0083] dF'f =-*L- f IL (s) ds 3DR(S0) V (SO) [1-12] [0084] Replace - -by 1;
dPf f I (s) ds Vec (s0) y dDR(s 0) > [1-13] [0085] then approximate | (s) =
|0 e~s/s wothmmopia®86] [0087] =I0[e- 's -1][S] [1l-15] [ @0BBIS2000088)3 wher e
lo is the feeder current at the substation,[0090] and where S| - s/ | is
the feeder |oad distribution paraneter. [0091] sfl - es/ s 1 my be a

wei ght i nd09t or anchwhere SIR-1esté] | iscthel ferdyr load dissittultion|patasaktéror  one, sonme or
for every custoner. S is a paranmeter that characterizes resistance as a

function [0691gi st ¢eea5b/ézgn£ Y'Be 4 OR4RItingi fh@bt in thADREeHBHE SnPhapbBRYe-CONPr i se
5 tinmes the lengthh of the entire distance of the feeder circuit. So IS an

i ndi cat i Qalcafatdd@r bRCabmedr dbr dvefy AREIM&UISEk adRRRder BSRPASRIPREN al ong
the feeder circuit (e. g., the electrical distance of a particular customner

fromthe rg%ﬁmt&tars@rfynct@@ af eéstanch@langrthe eder eirayit. Anenampde ob§imayf or t he

static factor. or t nd re 0i nt. the feeder
circuit. c%hngmge lmr$§§ﬁeb% (Ei'pqcflﬂederttgg {ﬁ%aé‘cayﬁgh\ﬁ%edc‘%ﬁﬁ%‘ﬁén?o $A" he DR nodel)
at the regdieat@bthdRchtiorOsftaE ph@icdRt ﬁélﬂhﬁtﬁrdsb&ls@'ﬁaﬁﬂhldh thafeags for a
particul ar demand response point. [0092] For a power with nmultiple

feeder cidirguit (&g, theleptriophdisiagos ake partiealar Gustomer fwledgcf ubstationbn®e s on
different feeder cjfcuits.q Specifica the termSn - e-s/ s includes the
terms, Whtd WWE? ‘%[ﬁareact e}mg a"ccﬁemrfl@ﬁ/}?t%kf’ aglorsfor theqrartimlagdemagdance for
a particular feeder cjircuit. For exanp first feeder circuit nmay have
one val uéemps@%‘%ﬁeﬁh%@e@%”rﬁﬁﬂ gh%’éc’@ﬁlfyft@é’ﬁ’ﬁhe%{aﬁé}%ﬁ dynggyc have one val ue

for S (sughpds ? rﬁ%ﬂ the, rrﬁ&fae[) attt eeﬁé@s@écf fifi@lin gl‘d%l: ﬂ)n&?erﬁg?é e aﬁtbi\'hfner s in

t he vari ous circuits eterm ned exa ectri cal
di st ance dfBa¥ings fbne,paﬂm[rtardemahdl raspomsteqaouust oners in the i rst feeder

circuit e determ ned C he. el.ectri cal, distance may be
i £ £ or entO8A1 of Firch Bhweririd B e dedsEnduie: Meatiagntng hElor fay be
tailored for customers on different feeder circuits. Specifically, the term

S| 1-e7%’S | includes the term S, which may characterize the resistance as a function
Y

of distance for a particular feeder circuit. For example, a first feeder circuit may have
one value for S (such as S|) and a second feeder circuit may have one value for S
(such as S;). Further, the electrical distance Sy for customers in the various feeder
circuits may be determined. For example, the electrical distance S, for one, some or
all of the customers in the first feeder circuit may be determined. In practice, the
electrical distance Sy may be different for different customers in a specific feeder
circuit.

[0093] Further, the weighting factor may be tailored for different topologies of

feeder circuits. For example, a feeder circuit with a radial topology may use the term

S [1 ~S/8 :| as a weighting factor. As another example, a feeder circuit may have

one or more laterals emanating from the feeder circuit. A lateral is a circuit
emanating from a main branch of the feeder circuit (or a backbone circuit) that carries
less current than the main branch. For purposes of the weighting factor, the electrical
distance Sy for a customer on a lateral of the feeder circuit may be estimated to be the
electrical distance from the substation to the point at which the lateral branches off

from the main branch. This estimate is based on the current in the lateral being lower
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circuit. [0093] Further, the weighting factor may be tailored for different
t opol ogi es of feeder circuits. For exanple, a feeder circuit wth a radial

t opol ogy weyousm3idse term|[ | - e s"/ s 1 as a wei ghti ngcfrastamw/000833 anot her
exanple, a feeder circuit may have one or nore laterals emanating fromthe

feeder circuit. Alateral is circuit emanating froma main branch of the
feeder cithanihe cpentdn H&c’!@ﬁ)‘ﬁrﬁa'lﬁhr $Quthat lossesorgpreng Bowangsindhe latasel t han t he

i brangly bd @i 9akrtliykRe (HAhahhl B LAH AhninthR GhERL fcal di stance

So for a custoner on a urt may e’esti mted to be
t he el ectdistarke thi &treamceratmflonntlt‘eelatetdtsrte@tbecumbmtedhﬁorﬁmithﬁmatielwhl ch the
nch. This estimate is based on the

| at er al hes  of f. fro t he
current qh&pﬁe | A5 SHl jang Fhig* rat %ﬁ?r CHEYIE Ty iave Pre phaorrandieanch, so
that |ossgg ct%nﬁurtﬁ@&fantﬁ m}, Bg 1458 tfdGnt @Ex‘%éﬁ"’f'm HRYmbiR @éﬁ%ﬁ@f&gder

Alternatively, for laterals that carry significant current I st ance
t he curr emcult.r E\mlh&r, tha vtdn@tir@tfm:tat ma;ﬂoe deteanowdrat gatidusrdeimant hespongbel .
[0094] As still anot eed i ave_one or nore

br anches PO¥liE Sueh b Oreﬁﬁ‘t E‘g‘BB}F B?l‘@horn‘é‘y}ﬁ%8g‘%’ r@’(é:g’lozr"ﬁ E%y“tcﬁ%s LRrRmAl% t he
mai n branghagf of é@nﬁrﬁ)e%g}?mrfsgrp%%tg thdt 4411 e betwelf tH\ﬁéthS%tde? afnﬁlcthg 'ﬁr%ay be

determ ned at” vario response points, efore t anch

poi nt or brmdtmlmmmmmrghnﬁgtﬁmmcﬂmay beEbe smaapttax féroda siapyte eddiglemand
response points that fall in between the substatjon and the first branch
poi nt, t HepalegyhSpemficalty, the madebmay be as dokows: SEtate Tt a sinple radial
topol ogy. Specifically, the nodel nmay be as follows: 5 -/ 51 [0095] For

a point tihegsf al Fsr @bbﬁh‘t tltattealtg mér daé ﬁ%mrmmsomtaatt% t%ﬁﬁrﬂtétaptrﬁg may be
used for the nmodel, as foll [0096] s[i -e- L | + |- <r ] [0097]

The fi rstbeofsedlﬁtermmqwmfpﬁowsmlar |n formto the termused for the
radi al nodel. However, the S ' .in the first termis equal to the distance
from t he (8084t at i ﬂl—tebg/tqaeaf(ikﬁ'i —bF8HCH point. As shown abov he second
of the two terns is added to the first termand is simlar t[glt e first

term but [gogA) t Whgﬁ&‘i‘ff‘%ﬁ@ﬁﬁo tebhR if kinSilardh tbh e0aR t'elsmtu@é’tﬁ férhﬁé eis aterm
ak that acts as a nultiplier. The termak represents the split of the
current aediahmotlek sowewercthepBiimtheaindt reamn iseqaalalthe disetnee drord tlend 1. For
exanpl e, siugstgti(gr\ll\?o ttf)l 6P}stlﬁtaranc dgcr)m(t:I zrétg% E)wnaa/boefr:] dthz;jl gec%n% of the two terms

is added to the first term and is similar to the first term but with two differences.

The first difference is that there is a term g, that acts as a multiplier. The term g

represents the split of the current at the first branch point and may be a value

between 0 and 1. For example, in a two branch feeder circuit, a; and a, are

indicative of the split of current between the branches, with a; + a, = 1. The

second difference is the term (S)- S’) in the exponent. S, as discussed above, is an

indication of the location of the particular demand response point along the feeder

circuit (e.g., the electrical distance of a particular customer from the substation).

And, §'is the distance from the substation to the branch point. So, for a demand

response point at the branch point, Sy= §’, so that the second term is zero and the

weighting factor S [l —e5’8 ]
ghting . As one moves down the branch, the second term is

given more weight to account for losses as the current travels down the branch.
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indicative of the split of current between the branches, with a + a2 = 1.
The second difference is the term (SQ 5") in the exponent. So, as

di scussedwealowea93i4s an i ndication of the |ocation of thecparstéwbers demand
response point along the feeder circuit (e.g., the electrical distance of a

particul ar custoper fromthe substation?. And, S' is the distance fromthe
subst at i JRORY ¢ hg%?%érﬁomsmam gbtherfypt brapnreiat may e A secopdibrancht ht he
branch EVe s = .S t : i t i ghting
factor g%o{%'- Tieﬂsp r?c esss{ﬁﬂ,y bféQ;Ep etaﬂ:% ﬁﬁ}g lﬁg%&ﬁgﬁgﬁﬁégé&%%\a%dtﬁgh%?anch, t he
second t dolowmggi ven nore wei ght to account for |osses as the current
travel s down the hranch. [0098] Mreover, downstream of the first branch

poi Nt may[0089]a s%nd‘%’ﬁ%m@b*ﬁ%inbi“ Fhi'ss MkME[%Senﬁtys b’é;lrepeat ed, but with
athird termas represented by-the follow ng: §Y0099] s[}-e- s/s y ak*s[\-e

~( S -s )borooibkivdble £*is the disthhceSrdr HLQUbsWhSH o t%eseéo%dtﬂ?iﬁgcqiﬂ[ jgnce from

the substation to the second branch point, and where S e di stance
from t he aadiydreng §'onthealistaneeffions thetnubstetiopti the firstdratichosg eab dismssed Fur t her

the termbk represents. the, split of .the current at the second branch point
and my Bk Syt JRIrR T HE b Pategerts “Esspé‘fﬁme GBS b e SeERRGEIangD b added
to the V‘ﬁio@mdnﬁgn%aﬁéﬁrvaiu‘é REFEHG ah @1 FRoWMCERARONE HRRGL glown the
feeder circuit. [00101] And, the weighting factor may account” tfor dynamc

f eeder ciadded to the maightine facsor t8peaiunt falehyh sudeessiveptorhodydosin thededler nor e
feeder circuits may dynam cal |y change depending on the state of the grid.
For exanm®&'mul tiple feeder circuits {e.g., feeder circuit A and feeder

circuit Bporay have, @e v@eﬁl%}ﬁ{ngtfb&oxsf%& GEcARAfF AGhARRALEFr BFceM tChes.
Dependi ng on the swtch states of certain switChes (such as the inter-tie

swi t ch aridrapgennénds. sepacifomally. the tapodogiyt afloms or myee féedascioduits meayf eeder circuits

may bel o to. feeder circuit A oy feeder.circuit B. The grjd, struycture
conponen?glﬁ%lcgc%gﬁan edePer{dltﬁrég 4 g’teéga?%?f?‘ﬁgl né:t 06 F*3Bp's @%Itl[p&%gga Tn order
t o det er reimeitd (26 WetdH cirbgit andH(iQEédeﬁ@frc&iUBg av@hn IREOEE switdicaid A or
feeder circuit B. In particular, the Sub VPP Allocation System 108 may

recei ve tShgicalizigaswiehe Heperding paitheswindg staes elereriagnsvitches (such as
the inter-tie switch and/or the sectionalizing switches), sections of the feeder circuits
may belong to feeder circuit A or feeder circuit B. The grid structure component may
account for the states of the one or more switches in order to determine the weighting
factors for customers on feeder circuit A or feeder circuit B. In particular, the Sub
VPP Allocation System 108 may receive the current grid state, indicating the sections
of the feeder circuits that belong to a particular feeder circuit. The weighting factor
for the particular feeder circuit may then be determined based on the sections that
currently belong to the particular feeder circuit. In this way, the model may account
for the different configurations of the feeder circuits.
[00102] As discussed above, the demand response model can select which
customers for demand response, select an amount of demand response, and select a
length of time for the demand response. With regard to amount of demand response,
customers in the pool of available demand response customers may have different
amounts of demand response capacity. For example, a first customer may have a first
set of appliances that are subject to demand response (such as a large size water
heater). A second customer may have a second set of appliances that are subject to

demand response (such as a small size water heater). Systems may determine what
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of the feeder circuits that belong to a particular feeder circuit. The
wei ghting factor for the particular feeder circuit may then be determ ned
based on wbeomawmsi4sons that currently bel ong to the partipcularodeemses
circuit. In this way, the nodel nay account for the different

confi gur |on of the feeder ci. 00 As di scussed above, the
Gomana- T s éeﬁnslawae%tygé%@ N T i e Moy Ay T

sel ect  an,rRRIAA r& V\?oﬁjs“e@ aolstssase@eﬂ a9f§11e€57§t étlhﬁﬂeg bvnaf aﬁmﬁﬁce‘sor the
dermand response. regard t0 amount of demand response, customers in the

pool of awvay bfameeatd@\aira@wmpons@r,dhstdntmmmamay ohdemantl fekporsatcapavitynt s of
For exa first custoner may have a first

d d t
sgPagf éﬁﬁfxogﬁiﬁ%gggﬁglfmg‘rfsa SUBF LEranﬁ% nd response (such as a large size

wat er hegoero3) Am@§ae@ilo¢1tbqttmoﬁmxbflaaman&re%ﬁ&%e@a,s&tit yQhay@pp! i ances t hat
are subject to demand response (such as a small size water heater). Systens

may det erdﬁqii@llwfﬂatl deveatiovayes ﬁbws'eayclapas,ﬁlw ajingaxamain athdunt pbcammeppar t i cul ar

custorer ol 5K FURE) Ll HETERCADSRIRA SRR 4 0 SN S0 2

this det &ngpamtls@mlsﬁédd@ ¢ IrSONIINSE of dPdahd despdise beqeaee dropptiact ual
real -ti me neasurenents. 00103] The sel ection of the anmount of demand

response \é%%aaﬁimizamSwr@é%raﬁdﬁwiheﬂ abexedr élnomwaqu tﬂ)é@/al s to select a

i i th th t
i ghost oy iofth ofRARE fof ctfle L ipbaR SR P Gerhg” e 150
MMt t s ofresionsdishay es detearinedimdsharla f)fo(pm'tidinal MRburaplf ideindad te3porsgst em 104,

as descri bed ab é Anot her way is to take a proportional anount. For
exanpl e, ra%'emﬁ pmcg3eh ghilese SIS to t he demand response may be

Fr om eactof P SR et ORB 1o BRIy Pl R o A Ry BB e
peri od offodelﬂraﬁﬁhercestpmnsse;ubmt b&ieﬁatndfrenpoaiel Tife ]ielmedcfmst&leldemnekubj ect to

demand response. erjod for, the de onse may be a predeterm ned
length, <8 néesmi‘)o‘ %ﬂ‘fd@éem%dﬂme‘?'ﬁwe%‘ &ﬁ&hg’B‘rl ‘ite‘h§19 Xl%ﬁ)’@? I'li fferent

peri ods nRyir bRoSRYerf Qiffeftint HEAH SR mEHSE m&sdlffwllél&é}orﬁa—@ demand response
system ma be sut_)IJbect torules as to her a particular custoner is

avai | abl d0PHI5]DR aéamamcyrespmse@xaqplreqy lac pepjact tufudgs as e wWhiether a
particular customer is available for DR capacity. For example, a particular customer
may be subject to a limited nufnber of DR in a predetermined period (such as 2 times
in a 24 hour period). The demand response model may account for these rules by
reflecting this in the available DR capacity. Specifically, if the particular customer,
according to the rules, is subject to DR, the particular customer’s available DR
capacity may be indicated by that which is forecasted. If the particular customer is
not subject to DR (such as the particular customer has already been subjected to DR
for the maximum number of times in the predetermined period), the particular
customer’s available DR capacity may be indicated as zero, reflecting that the
particular customer is not subject to DR.

[00106] While the method and system has been described with reference to certain
embodiments, it will be understood by those skilled in the art that various changes
may be made and equivalents may be substituted without departing from the scope.
In addition, many modifications may be made to adapt a particular situation or

material to the teachings without departing from its scope. Therefore, it is intended
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may be subject to a limted nunber of DR in a predeterm ned period (such as
2 times in a 24 hour period). The demand response nodel may account for

t hese rulwe 2bw/mafssecting this in the avail abl e DR capaectryus2epmcisis cal |y,
if the particular custoner, according to the rules, is subject to DR the

particul ar custoner's avail able DR capacity may be indicated by that which
i s for ecdbatdhe prepent methnd andsystem pqide dimifed;te thigparyeipresbaddment (such as t he

parti cul g §ish ONR %a;% rﬁéthsgq%% gyl%gegﬁ;& | RSB B Mm{, QifiR{pgum nunber

of times in the prg term ne e particular custoner's avail able
DR capacisypaefithbeppendedatnpns.as zero, reflecting that the particul ar
custoner i t subject to DR [00106] \Wiile the nethod and system has been
descri bedﬁa}ﬁ rgf’% Xaye.ithe cuppyiphreataie mediing as discussed ahoye @aydiest ood by
those skidlf8meivhn®r &) viakd equi val ents

i ? eBiun) ©r etcotntlgfter x‘aﬁda%‘fks?lrggﬁﬁﬁ'gﬁﬁy BBy sﬂ%lﬁgﬁagﬂq

may be substituted w thout ‘departing m t he” scope. Ition, many
nodi f i catmultipleragdibesunindea tantadiapd ordip@ibtied databass, and(di amsocatedebdresal to

t he teachi 9s wi t hout deRartin from.its scope.. Therefore, it is
i nt endedtarﬁlgt CRRE tB?te%%rﬁf’ fet 1 %ﬁ%onf]s‘ygf‘écﬁ‘\oﬁ tT‘beeteFPnf?’@H“‘Fb'mtaﬁéblﬁarti cul ar
enbodi menhedlige npSeatko Rbludé BaY n{ehﬁmﬁﬁfa{"ﬁﬁ%%@@aﬁéﬁé SMthried, léﬁ@ocﬁ“lllo%ﬁlb 71 For

enbodi nents falling within the scope of the appended clains. |

exanpl e, dahingangstioEmsirecivab ffer axedutiom kysa piosessesedhatbosecaway abe a singl e
medi um or_the conputer-readabl e medi um be.a .single mediumor multiple
modi a, s USHPHEr S TR BFTORYAEY Ot G diE BERAS SEPITS I RLSe L at ed
caches angrggrvers that store one or nore sets of instructions. The term
"conput er -readabl e nedi unt’ may al so i nclude any nediumthat nmay be capabl e
of stori §018codhngompuieareadhblg mediwm nity inplyde aselidbpigtermemenesghiadpn by a

Pr 0cesSOra Rbmb N lar Yo FRL5EE: EOIPHARL: SIS ST SOBRERISIAMEigRe OF ot e of

t he met hods "or -oper at I ons ose erein. e COh‘lei]t er - readabl e

medi um mayemoidsu deheaosputed-réidabr: meditmyalsoigly 86 a dariDidteSsanemory 6t her
package that houses one or nore non-volatile read-only nenories. The

conput er -HeHFRMlE HeyTiiptcamenonayAsditians i tsmogteiasyesratls prediunumper
/oL 1, AL TRIPAy A oy 05 AR Sl um
ot her st aleagpe to capture carrier wave signals such as a signal communicated over a
transmission medium. A digital file attachment to an e-mail or other self-contained
information archive or set of archives may be considered a distribution medium that
may be a tangible storage medium. Accordingly, the disclosure may be considered to
include any one or more of a computer-readable medium or a distribution medium
and other equivalents and successor media, in which data or instructions may be
stored.
[00109] Alternatively or in addition, dedicated hardware implementations, such as
application specific integrated circuits, programmable logic arrays and other hardware
devices, may be constructed to implement one or more of the methods described
herein. Applications that may include the apparatus and systems of various
embodiments may broadly include a variety of electronic and computer systems. One
or more embodiments described herein may implement functions using two or more

specific interconnected hardware modules or devices with related control and data

signals that may be communicated between and through the modules, or as portions of
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device to capture carrier wave signals such as a signal conmunicated over a
transm ssion nmedium A digital file attachnment to an e-nmail or other

sel f - contwDreeth/d98d46r mat i on archi ve or set of archives megThiS2@0/0808dered a
di stribution nmediumthat nay be a tangible storage nmedium Accordingly, the
di scl osure may. be considered to lncluéﬁ aﬁy ne, or nore of a

conput er -FEDELFAIONPES TR ELTatedi CBCHIt ) AYCE itPIERRNt SYREP ™ayui val ents and
successor i i j i i be stored. [00109]
Alternatiggﬁgb%?SFﬁwé d?Ppgﬁ%gag%P%ggggﬂﬁgggagrgﬂ¥ﬁbIenentations, such as
appl i cat i [0A1HeciWhite thatregndore s deserthedtis thepfooggoarpeintext,| ibginot arcasyte and

ot her hardware. devi ces, y. be constructed. to,i npl enent . one or nore of the
met hods  JESUPHBERHARS of SKlbBithe & Mifl ePpRsiate gt 1 6115 AR PREaURNar at us. and
systens QlesMiddQtsy A5P0LIHRBLEnER Y REAdAlY AdotdARyait YAt §lt¥ntftin &8 ectronic
and conputer systeéns. One or nore enbodi nents descii bed herein may

i mpl ementth dpplicanstoysdiegt dllwarationpaned mpdification withiertbe maletscede hfithdwar e

Communi calEHr bR dhi EiPaahar e sareLs bR Foliang Flme”

appl i cat i igpruapgGiifdggivarhgrat ed circuit. Accordingly, the present system
may enconpass software, firmvare, and hardware i nplenentations. [00110]
While the invention is described in the foregoing context, it is not neant
to be limting, as those of skill in the art will appreciate that the acts
and operations described may al so be inplenmented in hardware. Accordingly,
it is the intention of the Applicants to protect all variations and

nodi fication within the valid scope of the present invention. It is

i ntended that the invention be defined by the follow ng clains, including
all equivalents. CLAIMS 1. In a power grid conprising at |east one feeder
circuit, a nethod for reducing loss in the feeder circuit conprising:
determ ning at |least one of the grid structure of at |east a part of the
feeder circuit or current in the at |east a part of the feeder circuit; and
based on determ ning at | east one of the grid structure of the at |east a
part of the feeder circuit or current in the at |least a part of the feeder
circuit, selecting at | east one custonmer on the feeder circuit for denmand
response in order to reduce the loss in
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the feeder circuit. 2. The nmethod of claim1l, wherein determning at |east
one of the grid structure of the at |least a part of the feeder circuit or
current iwothw/@s34seast a part of the feeder circuit compTiGEs2009/00@TEr M ni ng
both the grid structure and the current for the at |east a part of the
feeder circuit. 3. The nethod of claim2, wherein determ ning both the grid
structure Et g}dghe current for the at least a part of the feeder circuit
conpri seCLy g a nodel that provides an i ndication of the grid structure

her ot the s PR ehig RorbRSiok s ek dHelBlt cirfuir, KR iR Adedleify 21 M %

wherein tHh on grid St UG

based on jessiatthd alerdiistiabeMpatinghe at | east a part of t he feeder CI rcuit
froma substation. 5. The nethod of claim4, wherein the nodel conprises a
wei ght i ng f act dterprBiag ableastioac of theraridwructirs phaideashi pars of Hiedfeadery om t he

subst at | Ofye,for KiEcATSh 0k asd el Btne WS PLRc i Gnd0del  compri ses s[| -e s/

| wherein characferizes resistance as a functron of distance for the
f eeder ci rcui thaseddn \Milelfrﬁhlhgsu(Dea@O(lii’Q:l’(betHSgtlhetredt&mtdethmdlt leissh pmeef f r om t he
substation for custoners in the feeder ci rga{ 7. The nethod of claimb®6,

wher ei n ttHe feRdeReITGue or GRErerdrin Hhesat deasha part Phificdagden AirgHt sHgCtng atdeast i n t he
at | east (ﬂie%gttorr%f' oh & ifegc?e‘;%frcﬁ't f(ﬁléfe}nang res-BBﬁ%st a?(?%g t@f’edﬁkﬁiﬂplgss pherein

t he nodel ased on the current fromt ntot
circuit. aheredemtdmﬁd of cI ai m 8, wherein the weighting factor for the

custoners.int efe circ nblnedvm h the rrent fromthe
substatioh in ﬂ? 0§gl|ag{}t Y"h’éreéﬂ qlerguping ab e@?fs‘f“(?r?guhe HOIHYHEC cust oner s

in the fegdgs aﬂbés@ﬁ'p’éurt of e febfer dRETNEr EGFRP NP e al Rast B RO tke@ér cl ai m 4,
wherein the nodel that provides an indication of the grid structure is

dependentcituittcopprisgy detsrmirieg betbdes gid sigudtere and thetharentfdidhe dfleast ai m 4,

wherein the feed circuit changes dynamcally based on at | east one
switch; al?‘?at tetﬁe ?eeder circuit.

3. The method of claim 2, wherein determining both the grid structure and the
current for the at least a part of the feeder circuit comprises:

using a model that provides an indication of the grid structure for the at least a
part of the feeder circuit.
4. The method of claim 3, wherein the model that provides an indication of the
grid structure is based on electrical distance of the at least a part of the feeder circuit
from a substation.
5. The method of claim 4, wherein the model comprises a weighting factor based

on the electrical distance of customers from the substation.

6. The method of claim 5, wherein the model comprises S [1 —e™%/ S]

wherein S characterizes resistance as a function of distance for the feeder
circuit, and

wherein Sy comprises the electrical distance from the substation for customers
in the feeder circuit.
7. The method of claim 6, wherein the model is further based on an indication of
the current in the at least a part of the feeder circuit.
8. The method of claim 7, wherein the model is based on the current from the

substation to the feeder circuit.
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wherein the grid structure conponent accounts for the dynam c changes in
the feeder circuit. 12. In a power grid conprising at |east one feeder

ci rcuit, wodemasB4sesponse nanagemnment conputer system f @ecTrsdeoiong7s 0ss in
the feeder circuit conprising: a processor operable to: determ ne at | east
one of the gri? structure of at least a part of the feeder circuit or
current it the léﬁmFéﬁglofélaﬂ’algt whereimige pesagiiingdpster for theyaiskaneshingde er ni ni ng

at | east QpgAlrchis Wil (HE I GirBhe R B sJRA%Hn T BREE (Pleldclhelg eder

circuit or current in the at least a par eeder circult, select at
| east oneleastshoneEstoroer, fiom the edstometsria e febdor citenimfdr theslemane réesponseder t o
reduce the Iosf i f eeder nd at | east_one instruction

inth circuit, and se
for the déhand }Pee’?ﬁ%ﬁgé?ffﬂéfmt“hé’lhgfél‘b ¢ sapds} thabipioidgn an AAEHRBI! T3 The
demand r nags im 12, wherein the
processoﬁaﬁggégg?gble to é?ggﬁgﬁgﬁgggﬁkgﬁggg??Qﬁgtructure and the current
for the atl.| eaklie methadof ofairh Hewheedethe deadeuicircuitichangdsal ynemixratly besgqlons e

managenent c ter systemof claim13, further conprising a menory; and
wher ei n tﬂbmgggg%@%%wxibégﬁble to deternmine both the grid structure and the

current for thghabintR@ghid drf@hle BnpolentRE6RHs for ifdynakREPEdngESin HSi NY @
nodel stored in the nenory that provides an indicati'on of the grid

st ruct ur efeedgr cirheit.at | east a part of the feeder circuit. 15. The demand

response nagenent conputer syst of claim14 .wherein.the nodel that

br ovi des n oG AR o TR el e ort BB G Sl R eFRePH cal

di stance @hndgBmedt cdngRdr systeal for Riduting 16866 ee febdctYirkuit EQIpAsiAgbSt ati on. 16.
The denmand response managenent conputer system of claim 15, wherein the

model conpri sexPERCYEPHPRATFYE faact or based on the el ectrical distance of
custorer 11 om {1 BB KOs 1o DS SRTPIL, BRI JRpROFRET: comut e
feeder circuit or current in the at least a part of the feeder circuit,
based on determining at least one of the grid structure of the at least a
part of the feeder circuit or current in the at least a part of the feeder circuit,
select at least one customer on the feeder circuit for demand response in order
to reduce the loss in the feeder cifcuit, and
send at least one instruction for the demand response for the selected at
least one customer.
13. The demand response management computer system of claim 12, wherein the
processor is operable to determine both the grid structure and the current for the at
least a part of the feeder circuit.
14. The demand response management computer system of claim 13, further
comprising a memory; and
wherein the processor operable to determine both the grid structure and the
current for the at least a part of the feeder circuit comprises:
using a model stored in the memory that provides an indication of the
grid structure for the at least a part of the feeder circuit.
15.  The demand response management computer system of claim 14, wherein the
model that provides an indication of the grid structure is based on electrical distance

of the at least a part of the feeder circuit from a substation.
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wherein S characterizes resistance as a function of distance for the feeder
circuit, and wherein SO conprises the electrical distance fromthe

subst at i omof2oro/msmsoners in the feeder circuit. 18. TheprdeEnmmseanaesponse
managenent conputer systemof claim 17, wherein the nodel is further based
on an indicatign of the current in the at |east a part. of the feeder
circuit. o, T deTROBFOM3RALCRIFALRITRPHICTCYAS T @ claipsi 1 whsreipthg m 18,

wher ei n trhgdéi‘aﬁ&br'ke% M&gﬂmg%fa‘c&? ba& ahe Efechﬁi‘cﬁséHw&%E{&H}eko the feeder
circuit. 20. The dermand Fesponse managenent conputer systemof claim 19,
wher ei n tfinem phicosubstation.i s operabl e to conbi ne the weighting factor for the

custoners, jn the feeder circuit with the current fr the substation in
order to gel ectG $rEnand respoase ’@ﬁ%agéﬂ’seflb?@?Pm'Frr%’ﬁﬁefrh%fo‘g]ﬂ& ﬁ‘}’ré’}‘ iR thehe feeder

ciroui . {081\ ASg) I apopse

wherein S characterizes resistance as a function of distance for the feeder
circuit, and

wherein Sy comprises the electrical distance from the substation for customers
in the feeder circuit.
18.  The demand response management computer system of claim 17, wherein the
model is further based on an indication of the current in the at least a part of the
feeder circuit.
19. The demand response management computer system of claim 18, wherein the
model is based on the current from the substation to the feeder circuit.
20. The demand response managément computer system of claim 19, wherein the
processor is operable to combine the weighting factor for the customers in the feeder
circuit with the current from the substation in order to select the at least one customer,

from the customers in the feeder circuit, for the demand response.
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