1 Energy Consunption Managenent Field of the Invention The present
invention relates to managenent of energy consunption in 5 an electricity
di stri butwororgtewesk. I n particular, but not exclusivel PCTiFP20121053385 t O
managenent of energy consunption and provision by groups of electric

devi ces connected to the network. Background of the Invention 10Supply of
electricity from power generators such as power stations, to consuners,
such as donestic househol ds and busi nesses, typically takes place via an
electricity distribution netmork Figure 1 shows an exenplary distribution
network conprising a transm ssidgy genmmionangnageerit ri buti on grid 102. The
transm ssion grid is connected to generatlng pl ants 104, which may be 15
nucl ear plants or gas-fired plants, for exanple, fromwhich it transmts

| arge quantitirddoftiellacédional energy at very high voltages (in the UK for
exanple, this is typically of the order of 204kV; however this varies by
country), using po HTFW@E inygptFpeel %%@h@&@ﬁgﬁ’@\ﬁ)@r off ¢1gELy, cqngumpgon in

di stributign [ ion
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suppl i es pomennﬂmgﬂuhnkﬁhemgy$banthnmngmndamoﬂh¢gﬂn@nsﬁebsmMNRkaﬂ 100 is
| i nked to the dlstrqdi |d 102 via a transforner node 106, which

i ncl udes a tr &RERE ﬂ%h converts the electric supply to a | ower
voltage (in the UK for exanple this is typically of the order of 50kV;
however, this varies by country) for distribution in the distribution grid

25 102. The ddkmkm@umigﬁhgimﬂmnggturn | i nks, via substations 108 conpr|5|ng

further tyansformer nver S olta o]
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industrial congHiRds,SMEh a8SomebRe hu¥hdldP anSBasih@keP AW REalGeRREAIQES SuCh
as wind farns 116 may al so be connected to the distribution grid 102, and
provi de power Vihedet Ct@@Whéili’i@l?Lélonp@ﬁféfYOTEonsﬁlg‘mel dn shep dnatesemplanh a

gi ven network e fro I ak
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sumer, when mmayT@em&uﬁﬂmsomgﬁdhh@nmeaedupgﬂﬂnmmgmkmgyungmathnap@a|t is

expensive to store electricity in_large quantities, it is usually generated
when it i ¥ redﬂF{eé‘dPJaﬁﬁl WhsasaliTes Ipkds, fop GraBMeoff© véwhgéﬂélp%%%ﬁar&% t hey

attenpt to m?fuaﬁ%@%@ el%tctrfaglaéﬁlepgﬁ%ery high voltages (in the UK, for example, this
is typically of the order of 204kV; however this varies by country), using power

lines such as overhead power lines, to the distribution grid 102; although, for
conciseness, only one distribution grid 102 is shown here, in practice a typical

20  transmission grid supplies power to multiple distribution grids.  The
transmission grid 100 is linked to the distribution grid 102 via a transformer
node 106, which includes a transformer 106 which converts the electric supply
to a lower voltage (in the UK, for example, this is typically of the order of
50kV; however, this varies by country) for distribution in the distribution grid

25 102. The distribution grid in turn links, via substations 108 comprising further
transformers for converting to still lower voltages, to local networks such as a
city network 112 supplying domestic users 114, and to industrial consumers
such as a factory 110. Smaller power generators such as wind farms 116 may
also be connected to the distribution grid 102, and provide power thereto.

30 The total power consumption associated with a given network varies

considerably from time to time; for example, peak consumption periods may



5 Furthernore, in recent years, a greater proportion of electricity is
being generated by intermttent renewable energy forns, such as solar or
W nd powewo 2eieoRee06dbi ity to generate power i s dependenPCorEPORIOSTIAFrENt al
conditions that are difficult to predict and are beyond the control of the
operator of the power generator. There c\zy al so be consi derabl e variation
in demand for electrical 10 energy between different geographical areas;
it my be difficult to supply the required anmount of electric energy to
areas of high demand, known as "hot spots”, resulting in potential power
cuts in these asFeaduringribig bettesh pp of thecdayrdurgigsupinggit When srany 6pRipiers
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e.g. a snart At SOVCRNENEREYBNES (tBCYHrItlEIg| Endnectt AgRanth ab| BedKy itispasy
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| ocati on, andéy}lsh ndi B@ commands to disable the devi.ces during, .tines of high

b
demand. Howeve¥Nose aPEIta i EaieErie RANCLS FERSNISAE PRER I S i 6R HP%@‘@tto

users, who mayDgiHRAblEpleficHafd hldaidyofleMeC&nthbPbr BXtsRARS fant pdrepf tine.
251t is an object of the present invéntion to at |least mtigate sone of the

probl ens of tgengmiosr TEhete mBurabwr he ofnsidesabileyvemnaticonin demand for elegtrigebor dance

with a first aspect, of th resent invention,.there i,.5.30provi ded.a nethod
of cont ol i ng Eiedcieryes TERie] seos RS fireey R HTEPRAT STy gfe
di stribution neguwéKambiig: & @6étFicCneyaydiosirehdut high deaiamdl knswhRkYheg 3

el ectrical energy to a geographical area, a plurality of electric devices
bei ng di st ri buPels wiesHitimgedaingteidiay paprr eels iathese ajgier endiora medficiene

el ectric devi Ccﬁ&rf&io%"d?%%%&f?'r?s {u%e%he electricity distribution network to
consune el ectrical ‘energy provide herefrom thereby increasing a net

amount of el ectri cadccentiigy, therecBnaUptdassl démanal thrgrogrdfibieswilvagy ofl,
and/or to provide electrical energy to the electri iiéty di stribution
network, ther dpinageer %‘%gﬁéogsuﬁé’cﬂoan’@uﬁltecwl%llﬁé‘f’?li : eﬁ@PWCE%%ﬁﬁ!ﬁi on in

said geogr aphip?@ﬁlelﬂrl%ingt AL rb?&’vi&fﬂgm&f%i WHh pricing and other information,
with the user being required to monitor an energy tariff on e.g. a smart meter,
and respond to price signals from an electricity supplier. However, this places
considerable burden on the user performing the monitoring. Other approaches
20 have included methods of remotely monitoring electricity consumption devices
in the network at a central location, and sending commands to disable the
devices during times of high demand. However, this approach can cause
considerable inconvenience to users, who may be unable to use their devices for
extended periods of time.
25 It is an object of the present invention to at least mitigate some of the

problems of the prior art.

Summary of the Invention

In accordance with a first aspect of the present invention, there is
30 provided a method of controlling electrical energy consumption within an

electricity distribution network, the electricity distribution network supplying



mai nt ai ni ng a devi ce database conprising profile information relating to
said electric devices in said geographical area; 10identifying tine period
duri ng whwohoronswspti on of el ectrical energy supplied IPgTiHPROIRI8SEF i City
di stribution network is to be controll ed; sel ecting, based on said
profile information, a plurality of groups of said electric devices |ocated
w thin said geographical area, each said group conprising a plurality of
said electric devices; l1l5associating one or nore tinme intervals with each
of the selected groups, the one or nore tinme intervals associated with a

gi ven sel ect ectlegiiéngp epeighigodt eeegramical greane plnealisy ofrshastrid devigast kaingl s
associated with_t1. : t , | I i Lk | .being a
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groups, to cor¥pyfed|therelomatherply dycrepmeufpfoAmenay &f Yedusdi 9ISy t he
electric Vi . i i: .calg,ener gy
n sl d googr an e e e o TR0 e S R T
251 n sone enbatkicmntysdisfributiat decask, oheeebyf deédnenssgl @ateedingruoups,eldchéc one or

nore requests results in a reduction aof electrical energy.consunption
Resoci ated w (HOLKAIMTRIRadE Sy seguaglical arca. the methe sSisEhodi nent s, 1 or
at least one of the,sehfflLs d6Vied BstabdsB oRPRsiAE pFAMIE iMfEHMERhSefafifgtd S I N an
increase of electrical energy provision associated 30w th said at-|east one

group. 4 sa@yelestmg dofides mysaheeqgragocsd arept i on in di fferent groups of
electric vi ces at. . diff.erent tine a control node.within a djstribution
e tvor kol oae oo igghirlifE TNe batEC e AR tonaog i, o bikefist] Sk By

splitting the suppiedrs thodlettiicRy disfritRiion hetwdie id tatercvatrslieand control |ing
different groups in each tine 5 interval, a net reduction in ener%g
eto

consunption can be saleriirg dasedi amwist proflsinfymarign F ploeity pherornee @
Govi cos. ' Fur R RUEE BREL M T cClerb gt AR Sen ATl TBP )
ener gy consunpbhprisibgn fierabtyajfsdidsliaiid daiceshere is | ess variation in
overall e gotrical gher gy CONSUTEg. LR ST 2400 SPRSLIRLk .0 T eren
tinme g groups,
the one or more time intervals associated with a given selected group being
different to the one or more time intervals associated with the other selected
groups, each said time interval being a time interval of said time period during
which net electrical energy consumption of an associated group is to be
20 controlled;
sending one or more requests, for receipt at the electric devices of the
selected groups, to control electrical energy consumption and/or provision by
the electric devices, thereby reducing a net consumption of electrical energy in
said geographical area, during a respective associated time interval.
25 In some embodiments, for at least one of the selected groups, the one or
more requests results in a reduction of electrical energy consumption associated
with said at least one group.
In some embodiments, for at least one of the selected groups, the one or

more requests results in an increase of electrical energy provision associated

30  with said at least one group.



10 periods. The groups, and control thereof, can be coordinated to control
energy consunption patterns to an extent which would not be possible by
cont r ol | iwg@ 20redi2visdual devi ces i n an un-coordi nat ed wayPCT/EP2012/08538D e
enbodi nents, the nmethod conprises reducing an anount of electric energy
consuned by the electric device, in the gase of an electric device 15
arranged to consune electric energy, and’increasing an anount of electric
energy provided by the electric device, in the case of an electric device
arranged to provide electric energy, during the associated tine interval.
In some enbodi ment Py tceatralbing oenesdsonsrptifins éb riEerenh greynsc of iedecHisi ces

arranged o CORSUIE PIARLLYCHARETOY AN KOANSEALNY BhEGhIhCadRUlICES)
20arranged to provide eleciric énergy during the associated tine interval.

I n sone enbodirsiurkSet tf@gp 0ensOMplidf én il gioéedmel reibdi Bydglittbestheainps | ses an
el ectric energy generator, and the one or nore requests result in an
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such that the group ose net ener cons tion is reduced is varie
sequenti al | y tsigndfiiginoincosaineente treanyemdivddual user of hm ekotme denisodir e ngess t he
devjce relates to, an

profile information for Lven said electricg.
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30given electric device is avallable for control during a given said time

interval . 5 overall dertgearenershednsvaradsin thédisprtotioh eetwiirsratdiffesent sompr i ses
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groups is perfRngRebtion faRrMasian ekerk MehieMeLOM ARARVEIsYibigbPesmidIRR 51 n
sone enbodi nents, the profile information conprises ownership

individual devices in an un-coordinated way.

In some embodiments, the method comprises reducing an amount of

electric energy consumed by the electric device, in the case of an electric device

15 arranged to consume electric energy, and increasing an amount of electric
energy provided by the electric device, in the case of an electric device arranged
to provide electric energy, during the associated time interval.

In some embodiments, the method comprises disconnecting electric
devices arranged to consume electric energy and connecting electric devices

20 arranged to provide electric energy during the associated time interval.

In some embodiments, the one or more selected electric devices
comprises an electric energy generator, and the one or more requests result in an
increase in electric energy generation by the electric energy generator.

In some embodiments, the associated one or more time intervals are

25 arranged such that the group whose net energy consumption is reduced is varied
sequentially throughout said time period.

In some embodiments the profile information for a given said electric
device relates to an availability for control of the given electric device, and the
allocation of the given electric device is performed on the basis of whether the

30 given electric device is available for control during a given said time interval.



information relating to at | east sonme of said electric devices, and said
selection of a plurality of groups is perforned on the basis of the

owner shi pvorbyzedes on. In some enbodi nents, the pPOTiHPROMRO535FAL I ON
conprises operating characteristic information relating to at |east sone of
said electric devices, and 10said selection of a plurality of groups is
performed on the basis of the operating Characteristic information.

In some enbodi ments, the profile information conprises information relating
to the device type of at |east sonme of said electric devices, and said

sel ection of a plurlal seme opmppditgstsi sthpeprofiteradicsmatioe epapresesf enehgy devi ce

type 15i nfor m%é&o% Y. inforg#atié\#l é‘%ﬁgfg tgr%)lpe ie@g%édvel;yppgroﬁée@} !():% § 1644 QS ABLE ON

i ncl udes an indicat’i on ive ectri e iS arranged to

consune el ect rsad de@n@yevdceswhel fid sdlé@iogiofarpledatit ¢l grodissvis erfosnal sanged t o
provi de el ectrijc, ener g. I n sone enbodi ments, the profile information
conpri ses eneﬁ@?mﬁﬁﬁﬁ% ¢ oS ETCEAYSY PHAtO8t i ng an anount of energy

consunpti on and/ or [RRKedRBL ARRAR. MEProt1b infohiaf bR CbhlotiseEYhGERnANd the
met hod conpri ses: identifying a net anount of energy consunption to
be reduced durinfogmstaindreiatimg tper least; soaredof said electric deviaéd, acdtsaidgeleteat ri c

Sorre. embodi et 8 PUAEYSE GF9ES ) W GFHER B Cop SBsoY BEaeh GRoTHicRat or s
| ndi cating a | ocat iigndife anfHofflred, ok bkl d8thasior RomPRLAOdpG IR | Ses:
identifying a %lven‘area in which electrical energy consunption is to be
characteristic information relating to at least some of said electric devices, and
10 said selection of a plurality of groups is performed on the basis of the operating
characteristic information.

In some embodiments, the profile information comprises information
relating to the device type of at least some of said electric devices, and said
selection of a plurality of groups is performed on the basis of the device type

15 information.

In some embodiments, the profile information includes an indication of
whether a given electric device is arranged to consume electric energy or
whether the given electric device is arranged to provide electric energy.

In some embodiments, the profile information comprises energy amount

20 indicators indicating an amount of energy consumption and/or provision
associated with the electric devices, and the method comprises:

identifying a net amount of energy consumption to be reduced during
said time period; and

allocating electric devices to groups on the basis of the energy amount

25 indicators.

In some embodiments, the profile information comprises location
indicators indicating a location of a given electrical device, and method
comprises:

identifying a given area in which electrical energy consumption is to be

30 controlled, the given area being an area of said geographical area supplied by the

electricity distribution network; and



30control l ed, the given area being an area of said geographical area

supplied by the electricity distribution network; and 6 sel ecti ng,
based on w@i2d1d13e@®@si on i ndi cators, a plurality of said ®CPEPI0IR0N5HEF d
el ectric devices |located within said geographical area. In sone

enbodi nents, the nethod conprises naintaﬁning sai d devi ce dat abase at a
control node associated with the given area. 5l n sone enbodi nents, the

nmet hod conpri ses sending one or nore requests fromsaid control node.

I n sone enbodi nents, the device database conprises device identifiers

i dentifying el ectriselegiéng, dased aespice eptions midiFatfiry enplarady, off spid gigpps of

embodi ment s, g JEL AOL FATREES i D4 LS. B A dent i fiers Lo monitor,
at the control™ 10 node, el ectric energygc&%s np&ion'and/or provi si on
patterns of the el datsohe éBbvddimsntst theCsihbll &ogipaibéss tniaG@diningf aidraévion
relating to electric energy consunption/ provision patterns associated with
the el ectric dBiabawsat agpppldiod apseeiatedayithsthe @hieniaiidor mation to the centra

node to bes recor dednl g e gy dahatiaghioq 3shialdQSehiing Gleettinbfe devi ces

to groups on the basis of e statrstica ormation.” By providing
statistical intqresstfroonsddicénttad nblie central node for each identifiable
el ectric device, aqgaccurate and u date statistical del he

el

p_t - .,of .
behavi our of all SPPE EMPRFIRRILS, B%BSYIF"n atghashCRMPHECSe eé(bcterlfi?;‘&ff}ers

di stribution G@éd@fgﬁﬂﬂg AR REEREABEREin {aidSive ROV NOsdeefbbdialehdsi ty, and
ef fectiveness of decisions nade by the control nodes. 20In sone

enbodi ment s, tthe nmtimd odbmproste usmgatheadryeat denteitarsniniertiorwitt theaconemot r al
node, the &entrg} quF.co ri sing a user database th% usertgatﬁb$§e

i denti fyi hg a "098r EELISCTIT 8% CH T RIETHAU O ROV QR PRI TR 18 8*CHe devi ce
dat abase nmay hrvieesangedoipilst Ghestichl ti&irmadlent kdlatales, todididcaienénergy sai d
device identifiers, the further identifiers each identifying a

cor r espondi ng cehavRption/prowsiga pagerns apwocipiest withtthd glestricodyiigesi piyviskng
further identif] - : The res all e i -1 ndi vi I
devices to betEEE%%IUé%&@%%%ﬁﬁhglﬁgggcﬁgpgggéga%%%@%%%9%%£P%gQﬁg%g%gse, SO
that e.g. changebasedead allodatiag eketrichiilvalease gwaps be thehdsacifate statiftival devi ce

dat abase, wi thout any necessity for_ personal data relating to the user to
be storedd chp oymggg% g&ﬂrgggy%@}s%cal 1nforma(t110n back to the c%ntral node for

each identifiable electric device, an accurate and up-to-date statistical model of
the behaviour of all electric devices operating within the electrical distribution
network can be maintained, thus improving the reliability, and effectiveness of
decisions made by the control nodes.

20 In some embodiments, the control node is arranged to communicate with
a central node, the central node comprising a user database, the user database
identifying a user associated with each of the electric devices. The device
database may be arranged to store further identifiers, different to said device
identifiers, the further identifiers each identifying a corresponding electric

25 device, the user database comprising said further identifiers. These features
allow data relating to individual devices to be shared between the user database
and the device database, so that e.g. changes made at the user database can be
reflected in the device database, without any necessity for personal data relating

to the user to be stored locally at a control node.



7 In sonme enbodi nents, the nmethod conprises varying the further
identifiers. This is may be done e.g. on a daily basis and provides an

i ncr easedwoegrére7@f anonynmity for the users. In sone enPodiEPRIRAS53Bhe
plurality of electric devices are distributed 5 anongst a plurality of
prem ses in said geographical area. Each.,of the plurality of prem ses may
be connected to the electricity distribu?ion network via a distribution

f eeder. I n some enbodi ments, the method conprises sending one or nore
sai d requests for recelpt at electric devices via a gateway in an energy
managenment 10 systlenseme guntadagentp.t thea nagthedh compaisesy aigiges, th@afudthéher gy

management Sy%&&@‘f‘%ﬁs‘ | Ehid CQ;gBQdBﬁ’e g§?51§ %ldalgy} Bé’stlsr éf@ﬁogﬂ% il &{mt ' on

and/ or prOV|S|on evi ce accor

def i ned ruIesckgﬂweﬁaﬁmghhuﬂbrdeumaes aSSOC|ated mnth t he gatemay In sone
enbodi nents, the nethod conprises determning, at the 15gateway, whether to
pass the requests tlB SOR® eneedimpatsqihgi Rlerality phelesiisi @eVéﬁeSa'E‘r"déiSérﬂtfﬁt%tl on of

whet her the r%%re’(ﬁ%ettsahﬁgﬁh?f ?rtehlt?ie‘;s'l élﬁ'igkgﬁ ﬂggél%?gl. MRS ¢ dhe pluraliy) SO

enbodi nent s, es b or nore sald requests for
execution at mfepremisrafmrmayplbed@m«aemmw thé mbestricity distributibm neomekenbodi ment s,
t he nethod co rlges %pﬁftlng t he devi ce 20dat abase when one or nore of the
requests is n % with said defined rules. In sone enbodiments,

the method conpri sqg§isome embo@i&&ﬁ@tth@ﬁleﬁloﬁc&fn‘lﬁhs@@yén‘aﬂ% iR SeRBFALRl @
plurality of nodels on the basis of said profile information;

requests for receipt at electric devices via a gateway in an energy management
10 system associated with a given said premises, said energy management system
being arranged to control electrical energy consumption and/or provision by
electric devices at the given premises according to defined rules for controlling
devices associated with the gateway.
In some embodiments, the method comprises determining, at the
15 gateway, whether to pass the requests to the electric device on the basis of a
determination of whether the requests are compatible with the defined rules.
In some embodiments, the method comprises buffering one or more said
requests for execution at one or more predetermined times.
In some embodiments, the method comprises updating the device
20 database when one or more of the requests is not compatible with said defined
rules.
In some embodiments, the method comprises:
allocating electric devices to generate a plurality of models on the basis
of said profile information;
25 evaluating the plurality of models against one or more energy
management criteria;
determining one or more characteristics of a preferred model on the basis
of said evaluation; and
performing said selection of groups at least partly on the basis of the

30 determined characteristics.



25eval uating the plurality of nodels against one or nore energy nmanagenent
criteria; determ ning one or nore characteristics of a preferred
nodel on wbeolzarir®sof said eval uation; and [pPETEPROMR2/0653831 d

sel ection of groups at |east partly on the basis of the 30determ ned
characteristics. 8 In sone enbodi gents, the determ nation conprises
i nterpol ati ng and/ or extrapol ati ng said generated plurality of nodels to
determ ne said one or nore characteristics. In sone enbodi nents, the energy
managenent criteria include financial 5 data, the financial data relating
to at |east one of lasemgenhogencivhithefetetminaiin eventeygs migrekatiggpudor g

bal anci ng man . servi t r-al nag t r Vi I n
accordance wﬁ3ﬁﬁg&§é€%%%mgg%g%?g%§h§%g§6&2@gﬁpmﬁnve%@§gh%afﬂéééppgﬂ%rovided
a control nodehhmttetistidsr ol 1i ng el ectrical energy consunption within an 10
electricity distribution network, the electricity distribution, network

suppl yi ng el ect ri cdn semergpodpnenty dbsgenepti wanagspieat crtepp inchudetinageiab) ectri ¢
devices beyng dlield Al e WMot il © 5065 3PR1 f2] iRkSRpcHNAS BlcbuRaFh of
the electric devices I's connecta to the electricity Hlstrl ution network
to consune el entmgycalarletevgye,probvaldedng henefgement tsheie@bwnd ner easirmgt a net
anmount of electrical ener 15 consunption in said geographical area,
and/or to proVPYRSEPEUSPIVERI energy to the electricity distribution

network, thereby dqgrResiifteawlifla &M asRct BF §hd Hi&eRNBLANIROARHORE i on i n
sai d geographi cal area, the control node conprising: a communi cati ons

means, the commovifdehs conml medesorbeniglling elestirdl engrgyecprssmptibpmwithacai pt  at

t he elect(ﬁc % v'c§§z @@%uéorlfgm) q;caé ng.. '.ht ent 1 II%Onod t he
central nitie curoa: g Mutia Rk e aLest i PLg b B kB kTR g
electrical energy to a geographical area, a plurality of electric devices being
distributed within said geographical area, wherein each of the electric devices is
connectable to the electricity distribution network to consume electrical energy
provided therefrom, thereby increasing a net amount of electrical energy
15 consumption in said geographical area, and/or to provide electrical energy to the
electricity distribution network, thereby decreasing a net amount of electric
energy consumption in said geographical area, the control node comprising:
a communications means, the communications means being for sending
requests for receipt at the electric devices, and for communicating with a central
20 node, the central node comprising a device database arranged to store profile
information relating to each of said electric devices;
input means arranged to receive an indication of a time period during
which, electrical energy consumption in the electricity distribution network is to
be controlled; and
25 processing means arranged to:
select, based on said profile information, a plurality of groups of
said electric devices, each said group comprising a plurality of said electric
devices;
associate one or more time intervals with each of the selected
30 groups, the one or more time intervals associated with a given selected group

being different to the one or more time intervals associated with the other



information relating to each of said electric devices; i nput neans
arranged to receive an indication of a tine period during which, electrical
energy conmeuni2emesin the electricity distribution net wBCK/HP3012053385
control |l ed; and 25processi ng nmeans arranged to: sel ect, based
on said profile information, a plurality,of groups of said electric

devi ces, each said group conprising a plarality of said electric devices;
associate one or nore tinme intervals with each of the sel ected 30groups,
the one or nore time intervals associated with a given selected group being
different to tshlcteA&rasnenck saif g intesyal demgastine iniereal o seid time pereter 9

sel ected gr OuDd\?l\ﬁingmc}fﬁétdelécit%Ii Férg%\ég}lsu iti%g & a !ag?ocila{fécfa%r\éﬁé iﬂo B id time
period during ith net electrica ergy consunption of an associ at ed
group is to beoapsilgdobhed; and send one or nore requests, via the

communi cations neans, for 5 receipt at the electric devices of the

sel ected groups, to contsetd OBF QEMGTe APAuSHEr Y 108 FUWBITGHOBNHEARS. gPOVi si on
by the elegtri A r i i rical
y eg ch(i:legfg At ?I?eseleét{]@ H@\m{es ogﬂh'é: Eégi'&cé@c%ﬁ %r‘séx%%sc %'%HH‘UI e%tr&fal %e?@m

energy in sai graphi cal area, ren ¢étive assocl ate
interval. | n accamdamoeandldrhpravishoinridy dspelettriofdevives, phesbntredusuens ineh, t here

is 10 provided a s steqh%ontr IIing.eIegtricaI.eqerg% consunption wWithin
an el ectri ci t yORTWRRHOBAT P! wBTRY 1 ield deagPhicel 4 c4idUf PR BUETRS et wor k
suppl yi ng el eckéj-rdd GNELAY~A0 a geographical area, a plurality of electric
devi ces being distributed within said geographical area, wherein each of

the el ectric devicds dcsowlongeewtithbh ghird aspert edfeiher prepeny inventionbthteroms net wor k

to consu el ectr.ical ener 15 provided.therefro t her eby i.ncreasing a
net amount? of TP UHEF i AVl cq e BRE IR SRSy Soatdgh BB A aREL
and/ or to prowigeiglyedkiribaabn @BEIEY, the dibarieteatskitition btwbiki Qippiydnk
networ k, thereby decreasing a net anmount of electric energy consunption in

sai d geogr aphicstricat eacrey He & geegsahhieaingrdas iangfuradityplofi ekactrioy deyficasdyringl
nodes, each Ofdié@ﬁénﬁ@d in?thﬁlsal?(f' é@otg?%hwai Qre‘:il, \ghgrgﬁre?lgﬁ of the electric devices is
connectable to the electricity distribution network to consume electrical energy
15 provided therefrom, thereby increasing a net amount of electrical energy
consumption in said geographical area, and/or to provide electrical energy to the
electricity distribution network, thereby decreasing a net amount of electric
energy consumption in said geographical area, the system comprising:
a plurality of control nodes, each of which is associated with a different
20 area of the geographical area; and

a said central node.

In some embodiments, the electric devices whose profile information is
stored in the device database are associated with different user accounts, and the
central node comprises a user interface for a said user to access a said account

25 and to alter information stored in the device database. This feature allows users
to amend desired operating characteristics of the electric devices they own in
real time, so as to prevent the system restricting use of devices inconveniently.

Further features and advantages of the invention will become apparent
from the following description of preferred embodiments of the invention, given

30 by way of example only, which is made with reference to the accompanying

drawings.



20area of the geographical area; and a said central node. In sone
enbodi nents, the electric devices whose profile information is stored in

t he devi c®ocat2alka®e are associated with different user RCTHRPRA1Z/053388 t he
central node conprises a user interface for a said user to access a said
account 25 and to alter information sto&pd in the device database. This
feature allows users to anend desired operating characteristics of the

el ectric devices they own in real tine, so as to prevent the system
restricting use of devices inconveniently. Further features and
advant ages of the invention will beconme apparent fromthe follow ng
description of preferred enbodi nents of the invention, given 30by way of
exanple only, which is nade with reference to the acconpanyi ng draw ngs.
10 Brief DescrBgufiDescridtionhd thy Bwiwifiss Fi gure 1 shows a prior art
electricity distribution network; 5Figure 2 shows a system conprising a
central node, a pIJ?&FFﬂfhgwsé@ﬁPY@Weﬁ%@@§Y§ﬁHﬁEﬂBP@F%W¥ky of electric
devi ces, for |l ermalkndnahs A1P06h EBRbrithe WRRRAIGREP!a NIGER dbntrol
Figure 3 shows an ex nplary electric VIC an e ric ‘device control
unit i n accor dadesand & luahtyeofxdehtne deviafs, fohanpiemseﬂmhg amembndlmant df@ké gure 4

shows an exenplarx.central node in accordance with an
present invention;

Figure 3 shows an exemplary electric device and an electric device
control unit in accordance with an embodiment of the present invention,;

10 Figure 4 shows an exemplary central node in accordance with an
embodiment of the present invention;

Figure 5 shows an exemplary user database in accordance with an
embodiment of the present invention;

Figure 6 shows a control node in accordance with an embodiment of the

15 present invention;

Figure 7 shows an exemplary device database in accordance with an
embodiment of the present invention;

Figure 8 is a flow diagram of a process for controlling energy
consumption in a distribution network in accordance with an embodiment of the

20  present invention;

Figure 9 shows net energy consumption patterns of groups of electric
devices under the control of a control node in accordance with an embodiment
of the present invention;

Figure 10 is a graph showing an example of energy consumption being

25 offset in accordance with an embodiment of the present invention;

Figure 11a shows energy consumption of an exemplary group of electric
devices under the control of a control node in accordance with an embodiment
of the present invention

Figure 11b is a graph showing energy consumption patterns of multiple

30  groups being controlled in accordance with an embodiment of the present

invention;



enbodi mrent of the present invention; Figure 5 shows an exenplary user
dat abase in accordance with an enbodi nent of the present invention;

Fi gure 6 wWhawe/7@6nt rol node i n accordance with an enb@dirmPae1205536Hhe
15present invention; Figure 7 shows an exenpl ary devi ce database in
accordance wth an enbodi nent of the present invention; Figure 8
is a flow diagram of a process for controlling energy consunption in a

di stribution network in accordance with an enbodi nent of the 20present

i nventi on; Fi gure 9 shows net energy consunption patterns of groups
of electric devi cedigHadratshewe anngglegdt cacigyropsimpisderatisimelcortihce wit h
an enbodi nent ent. . tion. Figur | raph
show ng an exagr%{’)llléeshogfeﬁ)gecﬁlgcr gélv%eg\rllt%ﬁlr%p?(ﬂlgr?ll%%fongfgo%%lg]foélgtg Hiagcirg%ﬂocrg ang W th
an enbodi nent aafenitodinpée 9€tHe prevésini@ion; Figure 11 a shows energy
consunption of an exenplary group of electric devices under the control of
a control node in J08¥EdLRcENSt eneagy SpBEIPHRAtPaEeShe Bioare®f dl§iiidnt i on
Figure 1 1 i . ' g&,aﬁ i tterns of nultiple
30gr oups bﬁte)i ngiegl(g%{%gpfezgpd%&gocoggﬁégﬁe ?%pglﬁgghﬁ@gdi ment of the present
I nventi on; Figure 13 shows an energy recovery profile of an electric device for use

in embodiments of the present invention;
Figure 14a shows a system in which the control node interfaces with an
energy management system in accordance with an embodiment of the present
10 invention;
Figure 14b shows an interface manager in accordance with an

embodiment of the present invention.

15 Detailed Description of the Invention

Figure 2 illustrates an electricity distribution network in which an
embodiment of the present invention may be implemented. The network
comprises a central node 200 connected to one or more control nodes 202 that
each cover a geographical area, for example a country, region, state, postal-code,

20 or electricity market region, or any other area comprising multiple user premises
(i.e. multiple residences or workplaces). Each of the control nodes 202 are
connected by power lines 206, via substations and/or distribution feeders, to
energy consumption/provision devices 208a to 208l, hereinafter referred to as
electric devices 208. Each of the electric devices 208a to 2081 consumes and/or

25 provides electric energy. Examples of electric devices 208 consuming electric
energy include domestic appliances such as electric water heaters, air-
conditioning units and washing machines, as well as industrial devices, such as
factory machinery. Examples of providers of electric energy include generators
of electric energy such solar panels and wind-turbines, and electricity storage

30 devices such as batteries. Still other electric devices 208 may consume electric

energy at some times but provide it at others, such as personal electric vehicles



11 Figure 12a shows an aggregate energy consunption pattern of

mul tiple groups of electric devices being controlled to forma group in
accor danceowntdn2awsenbodi nent of the present inventi on; PCT/EP2012/05535% gur e
12b shows energy consunption patterns of groups of electric 5devices for
use in an enbodi nent of the present invg@%ion; Fi gure 13 shows an
energy recovery profile of an electric ice for use in enbodi nents of the
present invention; Figure 14a shows a systemin which the control
node interfaces with an energy managenent systemin accordance with an
enbodi nent of (Pﬁé(sbﬁ’@é@rwp@ hbastet the gapacity to storgyy tasgel wpowH eReleghiditit er f ace

nmanager in accgQ %e%(#nlﬂ{aﬁed %mﬂg'en&%m&f nét@%ﬁp é}ﬁ%@n%l ﬁr[’a}‘%g@a}%ﬁégg’ an

15Det ai | ed EESCfI 2] Inventlon

electricity d|a$1bwnﬂg.lﬁhemrtorlﬁtu&ed ks h Rowvoe ohpamteﬁmbﬂcﬁ mevwbrkodt tinfss qirhégent
invention may be inplenmented, The network conprises_a central node 200

connected to diseaggd, wﬁlaéleetsmtr/@ror%ab@eé@ge&yr%ﬁth‘éggw %v%fedaba@édgﬁ%ﬁpm cal

area, for exanple,R £OHRtYes F€9i On, state, postal-code, 20 or electricity
mar ket region, or any other area conprising nultiple user premses (i.e
mul tiple resi dencesTlmrtemmi‘diqzxjtacésﬁce”ﬁaukeddferenmeo oohile addindddsipglddhcas e

lines 2 via subst nd/ or ribution feeders,

connected by p | f@ﬁﬁ; %H§$
to energy conéﬁ%f”i%ﬁ/"ﬁr?ﬁ il as gppllgaipres PP ABHB AN HEVE T HRatterdS%f erred
to as el ectri gadeyiisasnst8s pfeafifedr E&ﬁeell‘?&thrél&tgg\ﬂe@i%@ 22)@&%0@3)8?@@1

consunes and/or 25 prOV|des electric energg | es of electric devices
208 ConsunlngI€$@®Kﬂ1G)emeD@yﬂlﬁ@Bm@elmdﬁbs M@ea@wnmanﬁéheskaneagwesectrlc
wat er hea? rs, air cond

st oG e el SR e e SRR Ry SudRfondF SohEd sTBRRE e R e 25

el ectric ener @¥ectiiCidiele p8nes 2a0%)r s of el ectric energy such solar panel s and
W nd-turbines, and electricity storage 30devi ces such as batteries. Stil
other electric devidlgwughgontiy sebhelismpbeise onlyctweherasetiag deaes 208ats but

provide it at 2%%1151% sho&zﬂqg F?QJrQ 8r ﬁ%lﬂl beelluﬁfé;s%ocd t\ﬁg{' L& b&%tlgez, the network

will typically comprise many hundreds or thousands of such devices.

15 Each registered electric device 208a to 208l has an associated electric
device control unit 210a to 2101 which controls transfer (i.e. provision and/or
consumption) of energy to/from the electric device 208a to 208l. Figure 3
shows an exemplary arrangement of an electric device 208 and an electric
device control unit 210. The electric device control unit 210 includes a control

20 element 304 for reducing/increasing the energy consumption/provision of the
electric device 208 to/from the electricity distribution network 102, as well as a
measuring device in the form of a smart meter 302. The control element 304
may comprise a switch for connecting/disconnecting the electric device 208
to/from the electricity distribution network 102 and/or any electrical or

25 electronic means allowing functional set points of an electric device 208 to alter
the electrical consumption/provision by the electric device 208 (for example, a
thermostat or humidity sensor, illumination sensor, pressure sensor and infra-red
sensor etc.). The electric device control unit 210 is arranged to receive
instructions from, and send meter measurements to, the control node 202 via a

30 communications interface 306. The electric device control unit 210 comprises a

processor 308 arranged to control the functions of the smart meter 302, the



(PEVS); PEVs typically have the capacity to store a |arge amount of
electricity, and may be connected to the electricity network when they are
st ati onarwp 281/10meg t hem to be used as a source of poweCTEPRORIES3ARt WOr K
at times of high demand, with electricity stored in the battery of the PEV
being fed back to the 5network at such tjmes. The term "el ectric
device" is used herein to include individual appliances or devices, as well
as collections of such appliances and devices, such as a particul ar
busi ness prem ses or house. Each electric device 208a to 2081 is registered
to a control geRepkeclemgniyAp4handhtheosgiamuptatidie igteyfaee 3§0veslthoidy Missi on to
the control sc . raol e Yo tr r / .electric
devi ce 208a to tﬂ% Clc.?eql%eagog{rﬂf l?%%%giﬁs or ﬂ]t%(ﬁ]g 8 gksgg% t%sqe%F |ft(§: ﬁ{pyefl&grrlﬁ y
twel ve el ectridevidey 208Sin26%eec embadi8iknal €hes blevwici devidegtoheol units 2W lake be
understood that, in practice, the network will typically conprise many
hundreds or t HEG8Rhisstheelesiiclenises €8%. 15 Each registered el ectric device
208a to 2081 has a ' i,C ' r it 2101
whi ch con?érgol S tran%s)%zﬁ@a?}’?cg%&ﬁ%@lgggncgﬁé} g?“ﬁ%ﬂés&?rép?%‘g 1%?%%ﬁiggy
to/ fromthe elBetencaldede 200 20Barites 2A8dk 40, gurece3sispawanam thr éop af y
arrangenment of an electric de%%p% 20 nd an electric devicE gontr | unit
fabgsf 40 ©

210. The el ectyPECH ¢ &It FEOMRRUNGESNHMER R e 158 ¥ enent

304 for reducighifeand Meeii@ aDEr G GANIPAPHANM B QKé SHaR &f atdier
el ectric device 208 to/fromthe electricity distribution network 102, as

wel | as a neagduoteifage 4lévice in the formof a smart neter 302. The control

el enent 3@04 may conprise %‘ stvi t& ftor connect i Es%}di scgnnecti the electric
devi ce 208 tof from t & & CRPPET I RIS EPT BEHTTUSR "t RBFE 152 "AREI B any

el ectrical or ARSx&h@elyreedrd simafse frltBViRE datiBedel Bk sB&Hhn REIFtse 8f an
electric device 208 to alter the electrical consunption/provision by the

el ectric devi clheapgr (ntgbasexi@ppneludes a pegrngentiier 902hamaict 3P4s ap sggress

illum nation S r r jnfra-r e o

el ectric devi ??gt%h%srsofﬁﬁ% %gigﬁﬁgc%?§§n§&@§’ O?n & r@%@?ﬁ@z%ﬁ ﬁ%%tglﬁéite Y%-%sg from
and send net er208easusdebelich ter. the aohtdwtrindeace20a8 vearded3cthenasst cat i ons
interface 306. The el ectric.device control unit 210, ogﬁri ses _a .processor

308 arranbed t431a08%% 16 thene I HaeH idprissestatechecdsraldentifisret! 2dnidep iy ing
control el emehhe HhricAeick hBs SOMMARE RRARESS WThEEHAGERIA% ot POIAD. L he

electric device control unit 210 1s re showh as a separate device to the

el ectric devi aéenti?@8’, wihnchsadsreidemifoditheelestric dbece @R tarlbcatide vdengifieoht & ol
units 210 are.i nt.%%al to the electric dEvi i:es. 2(?8. Sﬁj’%ﬁeggl.arg conponent s
of a central nBTETYHE AHPEIRARCGHEENGHBE FleCHifedeuit T8 RBEROBEB Monpr i ses
a clock 402, %hWa%ﬁ&%sﬂﬁcH%@ﬂ%r'déﬁh&?a\fd%mli%f 588 M&&&%@ne@‘l‘ec@ze%ﬁer

dat abase 406, a conmuni cations nmeans in the formof a conmunicati ons

i nt er f ace2®08,propedtiesrd20nput a statastisali profileed 22orlive dlevige upentingelardctaristids 0.
may also define a device type (i.e. whether the device is an air conditioning unit,
a refrigerator, or an immersion heater, for example) for the electric device 208.
The user database 406 may also include bank details and/or contact details, such
as an address or a telephone number of the user. Uses of the information stored
25 in the user database 406 will be described in more detail below.
The user interface 410 is arranged to transmit and receive information
to/from the user via a fixed or wireless communications means, such as ADSL,
GSM, and/or 3G. The user database 406 can be accessed and updated by a user
via the user interface 410 using authentication means and access control
30 mechanisms, such as by correctly entering the password stored in the user

database 406. The user is able to register one or more electric devices 208 to



10The user database 406 stores user accounts that contain user information.
An exenplary record structure for the user database 406 is shown in Figure
5. The uswp0det2b@se 406 i ncludes a user identifier 502PCa/EP2012/05345 an
address 506, a password 508, and a device field 510 conprising a |ist of

el ectric devices 208 owned by each user.4For each electric device 208
recorded in the user 15 database 406, t%ere is stored an associ ated device
identifier 512 for identifying the electric device 208, a further
identifier 514, herein referred to as a "pseudo-identifier”, which also

i dentifies theighaenser]accoey e tixogser mterfrcgrtil @ pniioe npdate BYormision giied f yi ng a
| ocati on assogj ) L V{ , j ce operating
characteristiggﬁkgﬁgﬁﬁégmﬁgg?égggéﬁggV&@&h?§%§?@f§9§{ and devi ce energy
recovery 20 properBxeapldrGonpodems 9t at ¢aditiot abdgprol iake slarvh inTRguekevi ce
operating characteristics nmay al so define a device type (i,e. whether the
device is an dile ©8Heh1adsAOAgonwmises Rclpe PO% e iPesssing Megps imire fQib AL heat er |
for exanplg) f g[%ro&{%?oreéogcﬁ HbGed@MhiGRe 668: J&ﬁn%@éti&@%?&%gq #Q%oRyr al so

i ncl ude bank detarls andl or contact det ai S, such as an address or a

t el ephone nunzeconvhutibaions enterfiiees08fand e inmftonermast iio thesfoomest 2bétwotkhe user
dat abase 406 wi | |. be described in nore detail bel ow The user
interface 410 M€Ma¢4 % ed to transnit and receive information to/from the
user via a fixed OrryMde@l838tabEBIBI GataiRNSpITRAN ST UKL BRatAkShos oM _
and/or 3G The user database 406 can be accessed and updated by a user via
the user intemigcke 4a@musicagddattheatitsdnod 20 atsa apnimaoisegsnsclork thet

30mechani , . I i th d i h
dat abase. b6, "o ohcer TR ERteh B Sobhha PRV e G 2B! BlisudMl ces 208

to 14 hi s/ herexbmplarpesotnbtrudtird o eheud®licd dteak@ 606 44 GhandliOFidupslat e
information stored in the user database 406 associated with the electric

devi ces. ThexdaviteaddtaasendOnenelydes prpfido miponatippdelariog tartde stesiic i n
Figure 6. The j I 2 . i ans in
the form of ekt 30, 086F oS4 PV RIBHLRR: 207, PRt R ueieRE 208 R, ne"
means in the flosatioaf708, ¢omraopaaingositirdcndrBtiésacechtddd)sendelima dvapaliilipans i n

the formof a network interface 610. . The devi_ce dat abase 606 contains
a portionldf tHé a\ﬁgéﬁfewea@%gg ECCRBE Yiiareriigsy’ e afefieamﬁﬁlrﬁ %atr%c@@eg fifdceont r ol

node 202 Wia 8 fOMIM £ablkone bid dlAl JdRuBhoRpiRMiAP el detyeen | he

conmmuni cations 1 nterfaces xenplary record structure for the
devi ce dat abaslevie0620% sHgpmallyy Hiegueeic?. dafitmse edlcc elodat mbasentfi66anyncl udes
profile information.relating to the electric devices 208, such as a device
i dentifier 703MOEMAHQN]E Pﬁag%ﬂwﬂﬁﬂ} 704, a device location 706, device

operating charact erjigt idRorkS HtétRe d19efs gefidqBedo avalileistrbétlons from a

20 party, such as a control scheme operator, to control energy consumption in a

given area for a given time period. The network interface 610 is arranged to

receive these instructions via a fixed or wireless communications means, such as
ADSL, GSM, and/or 3G.

In response to receipt of these instructions, the control node 202 is

25 arranged to send requests to the electric devices 208 in the area associated with

the control node via the communication interface 608, as is described in more

detail below. These requests may be sent using the device identifiers 702 stored

in the device database 606; the device identifiers 702 may comprise a network

address, such as an IP address enabling the electric devices 208 to be identified

30  for the purposes of sending these requests. The electric devices 208 and/or their

associated electric device control units 210, include a communications interface



15 708 and device energy recovery properties 710, and a field for recording
device statistics 712 relating to the energy consunption/provision of each
el ectric wewo#122@8. Typically, the device dat abase 606PADEP2010105536Ht ai n
any information relating to the user. The network interface 610 is arranged
to receive instructions froma 20 party,5 such as a control schene
operator, to control energy consunption %n a given area for a given tine
period. The network interface 610 is arranged to receive these instructions
via a fixed or wireless comuni cations nmeans, such as ADSL, GSM and/or 3G
I n response t30pderigseivom reessts andsthaidafopnation fiemcyit sepfingdaermaon s 25

arranged to .S%ﬁ,%éggﬁ't?atfod%%Oﬁ.h%{e%iﬁ,clforﬁiecggn%&\ﬁiege?ef%r%ﬁcé i r{lib% t%rez&gb%, as i s

associated wt control "node via comrmunf cati on Interfac

descri bed i n nereediStckeibidlcnd/of b@REng BEEGLISH, NBiYhdde rf@hcaltsdinyggmbde devi ce
identifiers 702 stored in the device dat abase 606; the device jdentifiers
702 may conpr it dheelpiiGprcanarited snits ikt howeysr, pbergyel sderspeisinagiet he

el ectric devi qg%}il?%%.ﬁtﬁgg%dddﬁ%g%g Qﬂoﬁgﬂ{lﬁ%eﬁt i%?orﬂ%i%ﬂ%%?negggen%?&gﬂd)gr these

requests. The electric devices and ei r associ at el ectric device
control units f&i0to amzssoda&ed elecmedeiicatownd unnt2épf ace 15 306 for receiving

requests and ot her jnfor i 0 rom and sending jinformati to, the
Control “node 202 rREGRRToL e amse b dutarg e talits S aabee e 1 o
devi ces 208 regeiniiguad/ of ikBRALANIeleatier dBhdeeMmosmyhiQuls rehgbEencgs bei ng

made to the electriC device control units 210; however, where such
reference i s mechtion&d abanie| thetpéectndBe s tcontdolturats 2l Ringayainslode acmadeseter

i nformati bejng.sent, Lo and/or fromtao an.associ ate | ectric devjce
contror ullt gt iahie BEIRE: (sl oBs BPShAEH BrFEA0GCEN co
statistical dahg Betahmbgicited eNdedyntisiage b2 NMbwindad beil €6 Kiabistdayi ces
208 under its control. As nentioned above, the electric flow control units

210 may i ncl udiatearelitiget tonEaregxample, 3ums ofatha dex|thati thy dlestiéndeise édhsunpt i on
o 12 820! AR P G S5 A B By SSITABLERL L0 G 10
exanpl e, timesn@h éeegydaycohfimtest dreprelriet rand sden. CEhiz Oftistscdl iefguanddy used
L Consunts. o b B HaES, haifd Te T SRt s (4K 51 Gane RRict AREPSR 085 may be
PLor e D e AREALSd o s oL S ARy s, 20
statistical proobfilediefd E1200f3RQusef databasagl€6. dat abase 406.
Some of the data stored in the device database 606 is received from user
database 406 at the central node 200, having being provided by a user; for
20 example, the location indicators 516, and user defined device availability 518
are typically provided to the device database 606 in this way. The pseudo
identifiers 514 mentioned above are used for this purpose. The pseudo
identifiers 704 for a given electric device 208 stored in the device database 606
are the same as, or correspond to, the pseudo identifiers 514 for said given
25 electric device 208 in the user database 406. When a change in the information
stored in the user database 406 occurs, for example, due to the user changing
information, such as an availability associated with one or more of his/her
devices, via the user interface 410, the processor 404 of the central node 200
may communicate this change to the control node 202 via the communications
30 interface 408. The change of data is communicated using the pseudo identifier

of the corresponding electric device 208, enabling the processor 604 of the



Sonme of the data stored in the device database 606 is received from user
dat abase 406 at the central node 200, having being provided by a user; for
20 exanplwp 2ptpé12r@Sat i on i ndi cators 516, and user defi n@dToPIICO55355

avai lability 518 are typically provided to the device database 606 in this
way. The pseudo identifiers 514 nention%% above are used for this purpose.
The pseudo identifiers 704 for a given electric device 208 stored in the
devi ce dat abase 606 are the sane as, or correspond to, the pseudo

identifiers 514 for said given 25 electrlc device 208 in the user database
406. \Wen a clrengel nede ReZ, tof Wentlli Ba rsteypetdeleeiric Hievipse?08d it Hivadevidne

occurs, for e@{ggldsee (%”?m& ?%HAE I{ecgﬁgﬁl}%ﬁﬁ%és’l %érg&ré’s@omﬁ% ?fhe user

avallablllty assocl a ed Wi ne or Trore evi
interface 410,thé¢ Beigy @eanso60ABimilarlt) hfnyc@ni feBiting o6le spdio@yctdoderiod cat e
this change to the control node 202 via the communications 30interface 408.

The change of 298tthatiig sesfFRIA tha U spay 29%&" Heetsabal wrdst 300 @p bsrsephe
corresponq;ngé%g%q%%b$ﬁggﬁk ﬁﬁ&qguwﬁﬁgghk@&ezﬂ@e%ﬁ@ﬁﬁ%@&@ 604 of the 16

control node entl he re ant ectrlc evice 208 in the
devi ce dat abase 606Jmmpdwumemhk@emm&nmetdnsamyinmangeﬁmmmemhﬁycﬁnnbsponding

entry in the i ce dat abase_60 Sim]larl n ta rel
Sheel i o ol cotplavBevredraosF iRk oesdn P RETES A o TBHe 968 (o ¢ he

central node ZQ0ic6adknBEeReNticR ldl%' NG thecRsauCatl e '%ﬂv&éeﬁ thd Sordt@deRbid y the
rel evant electric device. Using the pseudo identifiers in this way

i nproves dat a 29@cudithy indivdual rebectind HwengQSeaSIemmre Mifficult yor ginpieeouhe
pseudo id tinbeis %%e dLerrent to. tt g)éée Ldeg}iﬁi%rs whi ch e used
for comuni cat'l 6hE*BRIWEERTTRE VGV G RS de® 252" B T REX T Wl PU M HUBT .l ect ri ¢
devi ces 208, idchadastefi®ticg oftithd blebtric de@iced 208kt@ritaeHs thelddnitidichtRAE tr¥late.

noni toring conmuni cations to deternine the |ocation, or any ot her

charact eri st i cSecendlyhthearsepde jdengfigrss &% comegast &0 e detvigeridepvfigisnie aet ons
relate. Seconghé/mseg\%ﬁggglg %ngqﬁf&fny &I Seoatdin r#%%aﬁém%ﬂ‘ licﬂ:?it &?%k?ﬁe
f Hemse de amy &t

identifiers, do no provi on regar

net wor k | ocat iebdetrid déviee Gd qaéstioa. dEME de alvanfapesiid an situbfbioss iis v&dclﬁrfbxageous
in situations in?gglch B 15 exanpl e, avall bl|]t¥ i.nformation of an
electric Hevi c¥aspye; aVpdphyi@otaRnatioado! ap slectric feviceets {s RS rabl e

to reveal to aco}xﬂlltuﬁgca tsﬁﬁcé“’ﬁ% @EXﬂgpﬁndéslrgﬁlg% P&/eélr{o aotﬂlra'f%r‘& g{/ﬂg‘i‘lﬁ%at ions

both a | ocati on ectrlc devitce when It le to
be controlIedtméﬂm&mu@hﬂ”baMMQmonmmnnadumabeﬂtmhmamamobmoﬁecmmchkahich t he
electric device . is. Iocgted Wi

occu a 20ti me. .. The pseudo
i dentifiers maydBdVaN %‘B“ﬂ%ﬁ"&f%&ﬂo ?8911@13%1%06&  [after Ay Gidieate 18T  ur t her
i nprove data SREYFJ fﬁaﬁy at which t@@@[@b@ﬂl@é&%@é‘lsﬁ%%@@vdﬂb‘% UnRBEUALd Aodig: 200 and
the control nodes 202 are t(ﬁ@ca y via the conmuni cation interfaces 408,

608. Fi gu?® 8 tim¢. udthegisewda idestifierd gy hhivehied meswdamt rfof enardple 2BRAycont r ol s

order to further improve data security.
Communication between the central node 200 and the control nodes 202
are typically via the communication interfaces 408, 608.
Figure 8 illustrates a method by which the control node 202 controls
25 energy consumption in a given area for a given time period. In the following
discussion, reference is made to the control node 202 performing various
actions. Although omitted for conciseness, it will be understood that the actions
are typically performed by the processor 604, in conjunction with the clock 602,
where appropriate.
30 At step 800, the control node 202 identifies a given area, within the

geographical area associated with the control node 202, in which energy



25 energy consunption in a given area for a given tine period. In the
follow ng discussion, reference is nade to the control node 202 perform ng
vari ous awoOi20res127085t hough omitted for conci seness, it wPCI/HEPeOW/08355t ood
that the actions are typically perforned by the processor 604, in
conjunction with the clock 602, where aggropriate. 30At step 800, the
control node 202 identifies a given area,” within the geographical area
associated with the control node 202, in which energy 17 consunption is to
be controlled; typically, this identification is performed on the basis of
i nstructions reeasimmpnvs ko bheontietlobrtrpicebye tigengtiatiopas paiamsten thg a
control node iS.. I j : r e e or may
send instructﬁ%ﬁg%ﬁg&#ﬁégggﬁ%é%ngg@gﬂéBév?%pggﬁﬁg%fﬁghgﬁgfg%gﬁgu#%%ion in
a 5 parti cul abngelogidaphassociegd ovith Scmtrgstha contryl, schdmeeperatpoataggee] or any
ot her area conprising nultiple user premises (i.e. multiple residences or
wor kpl aces) . AbstaicHpisgd the (rontghiede HEa& XotrpldeRtrEy | €9swpiere he¥ i od
(e.g. a ti i i; r >QN t i |1 ed;
Sgain, thi s i APl StbRlc OHGR [ERAH, GOT R AR, S Rbate | o3

t he network i nbenpfiamg dlfpleh3st pstegs §0d, molhiplecesitiermes noderigdesel Act s a

plurality of gro f electric vi ces 208 based.on the identified area
Bnd ¢ e per i GEEP et cgy odh 20f Hled B Gng Pecre frea THus eiin dups
| ocat i on 1 nd! Gt o §n§%§’rc§ﬁisu'1rfbtirohf5is @'@‘6!3 Q:_%m‘?éﬂe%*?@gzﬁnﬁ@i@s infniafieh n%z' e
electric devices located in the identified area are sel ected. Thé control

node 202 may ahdudadsie thenfetruionsreceaivediviaibenctdofl meadfagey &i0.abi | ity and/ or
15 energy, recovery properties stored j he, devi ce t abase 6 to.all ocate
aroups. 11 some ensblatareni T GhAolied et aRER SR s st e

periods is useviys bb®beebtonahe MRMETidD3rdaandalngs pemil. t Tke aéaticaeiicks y of a
given electric device 208. At step 806, the control node 202 divides the

time period i 08 ae pelegted baspdgm the decatinp endigdters stred i ghegdryicet dagabasmt r ol
d i at 20, sel ect ' '
node associ al %?65?{1?&9&1# Q%ctr% de%ﬁe? Foc?tgd% %%Hﬁeﬁ‘éfﬁteﬁ.af’ gaégé\?lﬁ&gi ifflé;a ent

intervals, wt eren I'me 1 ntervals belng associ a

groups. The ticwetrolnioge 2ol nagtsoi gt étfomhittonaabgiutvieer ¢efimep aivslabliry thdrer
interval, of the time period, during which electrical energy

consunpt i bh/ pred¢isyiTeVey pigpgEet %Iﬁfe%dp thegdgvage datahasy Pty alﬁacaf@tgéﬁumo, in

each time int Qfl\éanete%oﬁﬂﬂétﬁglthﬂge{gﬁitgglzin?& ﬁoﬁ"ﬁ%npgroe 3? tinfpdrRANESL S tO

control energy consunption to t el ectric devices each of the
groups associ atsedl bnithd cottail tode202nb efetaminenthe aypNamlityraaa giMee sdectdquest s

are received by th l ectric vices 208, and result in.a reduction of net
consunpt 1 on_ orteeieacPRi cai Seh sy e sanEe tat Sier S3eS the e eepnnre

el ectri cal en?hﬂmity_mf tAné ARA0SE] V8 sBpORIR, tHe @ntiBPRESL dsV&idtbdBachreRyal by,
for exanple, 30causing the electric device control unit 210 to operate the

control el@merseleg®d, groumsr ety one onlmomdime inievelduwith diffekenetimetintecalls ener gy
consunpti on Orbe%% ilsrggcrigt%gewi%}? different groups. The time interval associated with a
given group is the time interval, of the time period, during which electrical
energy consumption/provision is to be controlled for that group.
At step 810, in each time interval the control node 202 sends one or more
25 requests to control energy consumption to the electric devices 208 of each of the
groups associated with that time interval in a given area. These requests are
received by the electric devices 208, and result in a reduction of net
consumption of electrical energy and/or an increase in provision of electrical
energy, by a respective group in a respective time interval by, for example,

30 causing the electric device control unit 210 to operate the control element 304,

thereby resulting in a reduction of electrical energy consumption or an increase



of electrical energy provision by the electric device 208. The net energy
consunption of a given group of energy devices 208 is here defined as the
di f f er enc®ORlzetvRe®5t he total anount of energy consunmed BET/ERR@20BBSRMOUNt
of energy provided by, the electric devices 208 of the given group; in
other words, 5 energy provided (e.g. ¢ Qgrated) by an electric device 208
is defined as "negative consunption” of an equival ent anount of energy. A
reduction in net electrical energy consunption may thus be achi eved by

di sconnecting electric devices 208 fromthe electricity distribution
network 102, of dediaeali ergyeairyivien & ﬁlﬁoﬂmtrl@)fdeélcéc?t(}&yc Tdwengjyenesgisunpt i on

of the electri { v C 0.0f electrl eyl

arranged to cé%g%%%hgﬁeéegﬁ%w%héggg(gﬁﬁfgil%%L%%H%E%Fi%ggé¥§§%ff%9§evices
208 to the el eliff¢rende hetaeat the hotal anouretofendtgil Qdnsuated Myhendvihsanidudt 6ASi ng an
anount of electric energy provision of the electric device 208, in the case
of electric dé’\?F%éé”rQY}Qe‘gW’ dhgyelactiis dgyises 8 of tBe erven 2aom: ¢y otheswptdsough i n

the above glescihed examnl ary pakhad) bPansliechid gedeyinasiRlimael ected

at step 804 base locati o S, in sonme enbodinments, t
sel ecti on may “akgarveabhwahpticn’” chddietiioalaht ambent whdeerpas Adredactatnhemepr of i | e

information relating to the electric devicges, such,as.the profile .
i nfor mati on stei%raca?ﬁnffrﬁé R AT Qb LS RIS exEd B SisePRR tl&%&lﬁé.mq n such

embodi ment's, t{agic2086ERMl thé RBEHC Y NG RoAMRAVIR 1001 GIHRARI e GRASLINDE i ON
is to be controlled (step 804) nmay be omitted. By controlling the
ener gy consunphiaamuandf gectpe enérgy opnsofmpimneh tof teeeleptveipeviod 2@, exthei@selevi ces
208 as describ above wi.th reference to Figure 8, a.net anmount, of, energy
consunpt i Bh 1 PAETgvaiER 265 hER g GrllbE MeeBiT Ehe BT Bbeh nEG
during the tim@nietingldctantévic@mt tosthepel&Pcity distribufibi® ne@wirk alo2negde 202
may generate heuristic nodels of the groups angvassess‘their suitability
agai nst ener gythRivisgeireisesiag i anepneunt Thie clepigic ggnengin agrion of rthe electriqray
' .nCl ude fi nancde@fce %t&a'in-{ & cgﬁen{ﬁ}"gfegi!ricd tv?Cersr%Sr%J AoBq 48 n‘gg‘?\ldg fe1dP4E of a
ti me dependent energy’ market Vvalue, a balancing 0 nagenent service, and a
constrai nt nareagegent service. The energy managenent criteria may be
responsi ve to bal anci ng yequirenents QL %he 19 transm s

g

m ssion and/ or
di stributldn grids AHUH HeAvEY GERRY wnlwrr_@%fﬁpﬁté%ﬁﬁctaﬁ #w_éeSgrids,
and may 1ncl Udeud sty 8 did e8liChdsaR oholAiBRIMiERLAN LML EANGRRNRN. oF 2

requi red reduction in distribution gr congesti on. e assessnent may
i ncl ude det er rheselectioni mhy pberehtiyphowi déditividlyl zr gede basedreasther prodite

decrease in ene cons tion in iven.tinme interyval, i.ch nodel
b ovi des &t edUOPEHTE FETDH 1t BereaReN P nutg S AR GRHHAEH nodel
provi des the l@re@atthe aviBdddtibR88606)%s Geftibed BoVREUR bifthi dntBadRéfs, TRY
i nclude tinme dependent energy prices, determ ned based on current and/or

predi ct ed2Grar kéap ofaflentidyiog aehesatin wdiadh engegygsensuFhietiandste b¢ condidle@ ey
determ ne whi %4) may be omitted.

By controlling the energy consumption and/or provision of multiple
groups of electric devices 208 as described above with reference to Figure 8, a
net amount of energy consumption in the given area identified at step 800 can be

25 reduced during the time period identified at step 802.

The control node 202 may generate heuristic models of the groups and
assess their suitability against energy management criteria. The energy
management criteria may include financial data. The financial data may relate
to one or more of a time dependent energy market value, a balancing

30 management service, and a constraint management service. The energy

management criteria may be responsive to balancing requirements of the



10 el ectric devices 208, or groups of electric devices 208 to control in
each tinme interval on the basis of the assessnent of the generated

heuri sti cwordelryossn this way the control node 202 can @PTIEPRGIR/053385
assignment and control of the groups of electric devices 208 to manage
energy demand in the required way. In SO enbodi nents, the control node
202 may, for a given control 15 start t%ne, create a limted set of
heuristic nodels, covering a wi de range of inplenentation strategies, by
varying the paranmeters of the nodel. For exanple, the assignnment of

el ectric devi deagsppsion@ng/epdistibutine stiflhend/er asrapgraerncy capictl reqemesht r ol
group is contrgl)ed, .and th e t I aroup. | : 0 din
di fferent tinégiﬁgegga’smﬁaéw'lg{ éhvgr%%gﬁggﬁﬁégn@heﬂbé%g%%ggéﬁ %ﬂ space
for such a nmuldohyatioabbe arecliredsredattadn el disttibuge, gride corbticl. nOkke 202
may sel ect paraneter val ues randomly or may select paraneters based on
historical |y SS¥sE8TnaymHgd defFﬁBl%WP’G% mRsteb Praysdesdle taresst BSERFSTi ne one
or nore charact.efl.sti I tri ' e

eur st 1 ¢ modal o el n ngltl U Blp P R e e R BE e
based on an evyabudé¢s amequiztedatime keifiebf acpdak enessrgyf dénmndnodethicls nasisbssed

agai nst the ener nagenent criteria. The characteristics may relate to
operati ng chatStubes OF 108t aRERgy " FOEGRy: ook Barsr St Wiy ritase
characteri sti gnOfjefneht eferglepiieqs d%%nfnfzéétbaéé@ oRV@IrfeAPLRd/bPHr&itd ol by

the control node 202. The control node 202 nmay al so generate a set of

financi al for esaketsvaluss of kkscgizal efergyeuFhestantrohnddd 202 inay Ketdimige tach

ar by onf ho Badi & BRCERE . RaeRara A Sl le o e By Grap PR Rallim €5

In some enbodiif@ab on tHELBRBIVITRE ad3OReAOSS thBgehdthied holmiie heiceanthiOr
extrapolate from the results of the assessnent of the heuristic nodels (or

t he gener at ed Wayrthneprirolarodede? gan ewhsisnici assigerment)and santielyofdes giorPhe t he

characteristi C%eféfctr? d%%’c‘é?ﬁéf?&oﬂ%gdgg Sﬁ({}ggHEmQ@cﬂ[nSthQFqu[}&%Bg' ated and/or 5

ext rapol at ed characteri st cs an optima rategy for assigning
and controlling grdupsnefembeiitents, thevdiodasl 26& 2Thingyl éslug @bvehhsntrol
conput ati pnal burden on the caontrol node 202 by reduci.ng the nunber  of

cal cul ati bhs tSHat URSsEreBE pitse st of ew&t@rrﬁp%eé&t%eaﬁgiarmdesrﬁlfl%ﬁ gy to be
i npl enent ed. (N N4l -£aS i.C ro ode 202
can react to Eﬁ%ﬁg&ﬁgﬁgﬁeggg&ﬁﬁglﬁéﬁ%ﬂﬁm%ﬁ§§g¥@%%%§§y9%%r éﬁﬂg%nd??fons,

t her eby i ncr easamglet the afifpotitvadssriofeids 208 b reodupsoidtie tRO2intdFuals rer nor e,

t he conputational, burden on the .contr node .202, and therefqore the cost of
ol eenti ng. CHECT B GIRbakeuds CRuese RUb et R gt Bch Shdl FoP dhii cal
representati onofifrofdll RX@MRIt Mt &Dalk L aRR vatied S Sin&H MePsarsifétened,
nanely Goup 1 to Goup 6, with each group having a default |evel of energy
consunpt i ¥h ofspageefanmireh @ nuiltivariabhe madskeingelaof elarigrasotherantrobaede Zup
consumes one unit %f ener%%tFer hour éhrpu hout tﬂetperioq shﬁmn. In this
exanpl e, ener ¢y SASUNPEFENCT &2 ERt ABIIRY £F MEY PHE PP PS B RS Y on of
at | east one gi@ucally she@udeIdhodtl. i Tig: ddherol héde JVerhBdihbh @eetrhiie ond Or
interval 1 to tine interval 5. Each %roup is controlled, by neans of the

af or enent i onednreghaaetsristics or vHaecofilewtic Aydees2p gaghpfitheihetiste madslsy gy
consunption dutj i SRGI ti it erval s.
't he exanpl dndin Sru bR SRRARRG, B0 oAt foldRReA bl il a Rl O have
a one hou?5 durdttheeffettomaesrof the muddel adessegrde nghiasdkht katrgyheathgemtenon of
the tinme 25intervals _can be vari.ed according to requirenents.

criteria. The characteristics may relate to operating characteristics, energy
recovery characteristics or other characteristics of electric devices 208 that are
available for control by the control node 202. The control node 202 may also
generate a set of financial forecasts for the set of heuristic models, including the

30 preferred model. The control node 202 may then select groups at least partly on

the basis of the characteristics of the preferred model.



In the exanple shown in Figure 9, group 1 is turned off (i.e. the energy
consunption of sane is reduced to zero) during the first tinme interval
groups 2 wWAao/rarest urned of f during the second tinme i nPETERR)12085B38Hs 4 and
5 are turned off during the third tinme interval; groups 6 and 1 are turned
off during the fourth 30tine interval ang group tine intervals. Imrediately
after each tinme interval during which t el ectric devices 208 of a given
group are turned off, the latter 21 are turned back on; this nmay be the
result of further requests sent fromthe control node 202, for exanple.

By reducing (i.e. ilAkPBEemhgyingiés fie cotrolingstc ¥R masveiraelew babween: pe

electric devigg raﬁcﬁﬁ Pt AR 201 N L g&@&ﬁe%?%??l#e' I%L{ri’étic tGel Oég?gh%a”?“”t
of 5 energy cons med 1na given area during the tirst, gecond an hi rd
time interval seaaatedefingtintedr wnefzgutonsaption Ngntd)hahd anyy sdengheneelteet ri c
device 208, or group thereof, is turned off for_ any consecutive period

| onger than a brRgieEstissnel jninseleard wadsl Ay theabashefi HEgROBIFdeAREOE 0 users

of electrig d%‘klr&%ﬂat%@%&&%c{eﬁ&%%- estabfiSh %Hgﬁﬁg;arl" sﬁhﬁgg?opasrsrégrﬁ?ngﬁdv al when

consunption of each group typically Increas ter edch ti
t he group has doegollihgrgreupsobf elbhirs deovicse2G8o flhct ordecssutie asnpuiationatual

el ectric devices, 208 having.to harder to recove ner | ost during
per i ods of I nAGHeR Ty IE PO RN oy e Mo TERY e Ein dia reti ng
unit, the roomeuhieiméd'® ddihtie HOVpEmARMrAENAoMRAMBEmhRdS IR fd @ant | Y

during the "off" tine interval, resultln% in"the air conditioning unit
consumi ng a grieataes theopaed af whink thycogtwhnpde 2@2 canrneed thabingnrg engrdyur t her

factor is, that, users be statisticall re likely t e .electrjc

devi ces 2bb 1 HeBRFT AEOneTLe VAT vl g ClsRu i e SREEAEOL £ o

whi ch an el ectthé eostedi fode 208, I BGELMBErCAIRY B¥mpRRticMEbagRn drotheownfigl " of '
intervals, and the avera&F 20l ength of tinme it takes to recover this energy

are referred tedpepai sdaderehare thgeesypf iaplsiepiing thepemtriobgoden?02 pra g ectri ¢
device 208. ., Each of the electric devices 208 in each group in the
exanple of Figure 9 are assuned to have the same energy recovery
properties; after Fifodrn ©fa frephigaltrgpiesshtaioh, oftdnecxdaiplecRswhiebak@t a2 3 unit
of energy in the first §%g£equent hour 25 and 1/31gnit of en?égy in the
second subsequEn€ i delinel Rumaly SHaHRd e Gres O Withheachi Fare hagieesent

energy CONSUMiEOIR I%(zel%f’\éﬂéréié ”btoﬁg%n%ﬁ)‘i’%f Bhé ‘?.@.itsif.‘giﬁi tﬁll-h’cﬁ)séﬁ(gh(gé Yny>haded

regi ons represent energy usa i ncreases due € energy recovery
descri bed abowentrdheaahedronesaistmenondingt ekeawpdyepdr hotihdirowhbot the pemaet gy of 3
unit hours is sﬁgxiv}cl.t efin H}{s aeQaﬂalf)ll%,r %ggrgyg fcoérllsuhn?&l;osn ];sogg\rllatrro ed -E?ie.sthsehieIIeJ[rgyi :
consumption of at least one group is reduced) during the time period from time
20 interval 1 to time interval 5. Each group is controlled, by means of the
aforementioned requests from the control node 202 to reduce net energy
consumption during the corresponding one or more associated time intervals. In
the example of Figure 9, each of the time intervals are assumed to have a one
hour duration; however, it will be understood that the duration of the time
25 intervals can be varied according to requirements.
In the example shown in Figure 9, group 1 is turned off (i.e. the energy
consumption of same is reduced to zero) during the first time interval, groups 2
and 3 are turned off during the second time interval, groups 4 and 5 are turned
off during the third time interval; groups 6 and 1 are turned off during the fourth

30  time interval and group time intervals. Immediately after each time interval

during which the electric devices 208 of a given group are turned off, the latter



30energy consunption is greater in nmagnitude and tinme than if each group
had 22 acted independently of each other, and/or if individual devices are
cont r ol | edOI2012a127068- aggr egat ed manner. Al t hough i RCTHP2@2AM3E2 Of
Figure 9 all of the reduction in energy consunption during time intervals 1
to 3 is offset by a subsequent increaseé%n 5 energy consunption during
time intervals 5to 7, it will be appreciated that, in practice, the
subsequent increase in energy consunption is typically not 100% of the
initial reduction in energy consunption, since the electric devices 208

wi |l not necessaitimed hackispdthdumangbe Hie eaps @f ferherpegiestss senadepm ftleg

exanpl e, an air i LRI i t.may not need to use all of the energy it
woul d have use nﬁ%ﬂ%@%%gﬂgﬁgggﬂm%%riod to cool a roomback to the desired

t enper at ur e. Hurédueing (ife. detiibifiags esdigl hdhsigvgivnwiodateth ewieh ithe
significant subsequent increase in subsequent enengm%consu tion,
1a

sequential |y CHATOHLYIRG A bsashypt dlsginvps isedreatialiyy) the spl gmeups oknabl es
: Y e UNSUiTpE ™ ' '
the overal{ %Qrég%%e% ﬁ%t%beg{ dr¥a 8‘%@? ﬂhg'ﬁfrét%c&ﬁf M@Lthu&?&etlﬂte%ls

dynam cal l'y shap met h escr 5 above w reference to
Fi gures 8 and candanetheecdsethouo rajuirerg thhtaryi singlg dertifiodesce 20 foragrpgak i n
energy consunption. .For e i eak of en onsunption in a given

xanple, if a c
geogr aphi cal | APesEok 45 dumed (b foio A CRREH Y BeTaionest dhafah Sele S of

Figure 9, contiflal NGe&RES Wat 4RO SHIRLERBNR@StoIERES bPeEciMdt fevi&lsedange to
Figure 9 may have the effect of shifting the timng of the peak, 20 and/or

reducing its medpsedude, which may avoid or ameliorate the "hot spots"
described(gbove. Si ce%not.al. el thic devi ces 208éjn bhe gégen 1

geogr aphi Fal area dre HaURILAI$YTS C ARt AT T IMPLON A ach $TeBn BRetYon of
these uncontr qhdregbe€bRE ddch QY in€@Sal 20Benhk lorOGLhs Bbeh it@ed e THE @ val s 1
to 3, whereas the peak due to the controlle§ electric devices 208 is

shifted to tirfeeitptiegterg|sgclvas mdvidugd elepgicsdryiges 20Rihgving do trek dpfdse {0 of

snoot hi ng out § £, i i - roti i , and
reducing its &%gﬁFfE@%$§#ﬁgdﬁﬁﬁ%ﬁgg%gqgﬁé%g§ﬁﬁﬁi eggggﬁipﬁggfﬁg%gpgte

| engt h of ti maibyomditiching tuiis, sl fdodt widyh hie detter cdsledn by hiahe hphoakssor
604 of control —node 202, using the profile information relating to the
electric Hevi s 2‘(‘3‘85%1}1%8 fhe é’tfgrté’éle et Hereguling an Hict abedItemEIs Whl f t he

Okt ode FRBIAREL Y BRI LOBRl AR TP AL RA In Oh hifer

i nstructions descri erence to steps 800 and 2 above
a 23 gi ven andaetor (sehay.us@Milny tefstaivacaly moredikept ioarseietecaicglevers §edgr aphi cal

2rea, oy o o ven BYLAGE L LENDLAL 305P 04 deser bed ahge may comeri se
expected aver a@R RO¥RIrs RESY O hedtabOtRlISwike &Y alle AARURAKJ the SverdddM), and

20 length of time it takes to recover this energy are referred to herein as the “energy

recovery properties” of the electric device 208.

Each of the electric devices 208 in each group in the example of Figure 9

are assumed to have the same energy recovery properties; after 1 hour of being

turned off, the devices recover 2/3 unit of energy in the first subsequent hour

25 and 1/3 unit of energy in the second subsequent hour. The dark shaded regions

in the figure represent energy consumption of groups in an uncontrolled state.

The lightly shaded regions represent energy usage that increases due to the

energy recovery described above. The net result in this example is that a total

energy of 3 unit hours is shifted by an average of 4 hours forward. This shift in

30  energy consumption is greater in magnitude and time than if each group had



5 whose energy recovery properties are such that the length of tine by

whi ch the energy consunption is shifted averages the given average tine

| engt h. TWe 20i2rass node 202 may t hen send requests vi aPChEPC@RIOBIISTat i ons
interface 608 to the electric devices 208 of the groups to turn off during
associated tine intervals. The electric gevices 208 in a given group may be
polled after sending 10 to the request o confirmthe actual reduction in
energy consunption. In the case that the actual reduction in energy
consunption is determ ned to be either above or bel ow the required anount,
the group al | detediindppendaptlyeof gaghiethed andlpyifiindivisiuakbdaysces aprecandi@llehin | t he
correct energy,..r I i ieved. In the above exanple, the tine
interval s durﬁﬁé%%%%%%gﬁﬁ ﬁgﬁ'Ual groups 15 are controlled are did not
overl ap. However, iAltimogk ienthedixamples of Fitire onhil aif thededi@idnnayemygyr | ap t he
time intervals during which different groups are controlled, for exanple,
to allow the tCRBIMRIRS QAN e d¥eralsdetond ihotisrs bystk pubgequenbncespss Iabi ity

preferences. | LB So ti ¢ : i rent. 1
intervalsaiayfﬁgéﬁgnggﬁﬂggr efé%%%g?nggk?i%926g¥ngﬁfgké%g?ﬁgﬁg%%?Fc
20devi ces 208 practiae,gihe enbsgroen indreasges edengy rgniuneptginvienypicatly per oot

As descri bed ahove,.after a group has been. used t%»rﬁguce net gﬁgrgy
consunpti on i tOLRRY MY FHOBEHIT N SBRTGY SRR O8N YUR LR e SICUICSIYISES £1ONTE her eof )
in subsequent dok ABcs&t B ¥@hSed din2ONE sEFRQEUINTBBESIOhnd, 16 LRI, I AMir t he

control node 202 manages this recovery, based on, for exanpl €, requests
recei ved fromcoRBittdnengenitonky opereeddp,ushyllusi thg edefdyeit evnuldhovupssed reduce

energy copsunpti.on in.subsequent time.intervals. In this way, the control
node can Mhapat 8 RamioEEnEd s R vafofl P eGiret g E i ve peri od and
significantly push f@ekr, netarC BO STt O Bvedf whéreGhéreGs SRAIRAANT Bubisb@iegt Ven
geogr aphi cal area as necessary. As nentioned above, instructions may be

i ssued to the IBGAISEAN SuFGaUNO 2NETEY CORRYEIIIR0Trar efY1atlp eoniipHing Mebgneagyyi ven
anount in a gi i (o Far l e, it i red .r.educe
energy cons urrpczé:ﬁéc%lrllItl I%dr?ﬁt ?ﬁeﬂuﬁﬂglgr%} gyﬁ%@fgﬁ) ap{rea(r)lgegmé gga(gﬁﬁt {}fgt el% réélgﬂi S no
net recovery idistéh@icgy n€aositinpe itorbeudyndmiadltyeshdpede Tid efetiedd 3escAbédar get

energy consunption graph representing these requirenents is shown in Figure
10. I'n rebpongBovoWalidRterense toiigussisS aidie caBhersed iurléershetipdrg ang{or

al gorithmto %?z%i 8 2 3Rk ORI é&?@rogfﬁéglrﬁ?péﬁﬁ MESH .e&ﬂﬁ;gl%,a'ifggt al &fYehner

consunption. 5An exe ary net etermning the properties o%ythese
groups i s now cbesempbed imatdiveref@rgemaecilarba guegeciell @ @medr Hibng time  As

can be seen, 1O Qe %o Aty of cener Y, A e by saved i n L1
EI.Oi 25 "group Zefer@be @b 5dUrt © ARY IHaeS tIROSfedERFhALIRE thd GmHRY b tre2PBKOF group
20 and/or reducing its magnitude, which may avoid or ameliorate the “hot spots”
described above. Since not all electric devices 208 in the given geographical
area are necessarily controlled, the peak in consumption of these uncontrolled
electric devices 208 will occur during time intervals 1 to 3, whereas the peak
due to the controlled electric devices 208 is shifted to time intervals 5 to 7, as
25 shown; this has the effect of smoothing out the peak (i.e. spreading it over a
longer time period), and reducing its magnitude. The amount of energy that is
shifted, and the length of time by which it is shifted may be determined by the
processor 604 of control node 202, using the profile information relating to the
electric devices 208 which is stored in the device database 606.

30 If the control node 202 receives instructions (for example as part of the

instructions described with reference to steps 800 and 802 above) to shift a



10 chosen to have the sane energy recovery properties as shown by the
dashed line. In this exanple, group 1 recovers anounts of energy Bl in tine
i nterval WO 2BR/12m065i e interval 2, and B3 in tine interPall/EP20120836%ti vel y.
These anmounts of energy are each a fraction bi of Athat is recovered in
time interval i such that Bi and A 1A bi,,15In this exanple, as nentioned
above, the control node 202, is operatiﬁa under a requirenent that that the
overall energy consunption in the given area does not exceed a given |evel
(that represented by Iine 0.0 in Figure 10) until after interval 3. To

achi eve this, s anomale grddpsdy 2f egergyanspmpaign tin h ginengeepiphig! ajeoup

availability d.r V, r rti e j S ; 0O tine
slots in orde?@t%ggﬁ §§%M§ﬁéﬁ§§g%§?§ﬁ%% %%g?§$%%%§§3§§h§%§‘%@ﬁﬁgéih%hen
recovering in dontiel noder2oal seldcting, g@n@s Tontniae stedtiie debikov08Addotd onal |y,
energy consunption reduced for group 2 in tinme interval 1, which is wholly
or partially reSBesiesd BeerapsongT coReNbHeBYalsdhogiven apnquat (g V¥ hopidket by

reducing eqer Qr%%&%@?%{ggﬁé&{%g@aprégé&@?Ere%&‘r'Hi%t {RNEn A o@ﬁme.'ﬂ(;{rn\’%vﬁigrftﬁé | owi ng

descri ption, crease I n energy consunpti ow t he

| evel represerhegybgonkumptidh & sfiéd gueregesOthe ngivémevarageetimal lefigthndTBxy
refers to an increase in.enerqgy above the normal level in tine.in val x
as & resul t ol PR 29RATH RN STIRE SANEE VA s comBtications TNETap ¢t at ed
in Figure 11b,the ARt HeREeseN® BY fthéz%ﬁ?ups &G 66 diRingl {:36iatBM /Iy
consunption recovery in tinme interval is the anmount of energy that group
1 recovers durintagyatshakhetelentri¢ deveeos 208 igh gevenigyoupEnay bepoiled afted sending The

control npde 202 therefore selects a further grou roup 2,. anqg _reduces
Che ener off conddmpribi ol sTauE bR Gt b Wk o ndas Gl T
The amount of @gemhgythee@tial dut@orinf &REgyeaRKEMpliGLRVEE minkdttor®R ditheer val 2
is the amount of energy that group 1 recovers during tine interval 2 plus

the 10ampunt dboener bplow g reguistdhrmoynsctbe arapdllor#pns imay berpdiysted) and  gi ven

by: the process repeated until the correct energy reduction is achieved.
In the above example, the time intervals during which individual groups
15 are controlled are did not overlap. However, in some embodiments, the control
node 202 may overlap the time intervals during which different groups are
controlled, for example, to allow the time intervals to coincide with the user
defined availability preferences. In some embodiments, the duration of the
different time intervals may be varied, for example, as the availability of electric
20 devices 208 in a given group changes during the given time period.

As described above, after a group has been used to reduce net energy
consumption it will typically recover that energy (or a proportion thereof) in
subsequent time intervals. In some embodiments of the invention, the control
node 202 manages this recovery, based on, for example, requests received from

25 the network operator, by using different groups to reduce energy consumption in
subsequent time intervals. In this way, the control node can shape the energy
consumption profile during the time period and significantly push back net
consumption of electric energy in the given geographical area as necessary. As
mentioned above, instructions may be issued to the control node 202 to reduce

30  energy consumption by a given amount in a given time period. For example, it

may be desired to reduce energy consumption in time interval O and arrange so



E(2) = B20 +B21 = b2 . A+ bi.bi. A = A(bl2_+ b2) The control node
202 therefore selects a further group, group 3, and reduces the energy
consunpt iw 20f2/Rr@ap 3 by anount E(2) during tine inter Pa/EP2012/055355
Accordingly, the energy required to offset energy recovery in tine interval
3 is the anount of energy that groups 1q22 and 3 recover during tine
interval 3, given by: B(3) = B30 + B3l 4B32 A (b13_ + 2blb2 + b3) 20The
control node 202 therefore selects a further group, group 4, and reduces

t he energy consunption of group 4 by anmpbunt E(3) during time interval 3.
Ener gy consunphatdherefs menes rrwvglwu@éqrremomsrurr@tlpmleﬁkﬁtﬂeg tiggrintgevat 3l Aul at ed
in the sane r ng, pRLOAa n e 202
can determ nrerac{]}%g{ gner%y C&%#jhl ﬁgf# IJ(%lon }e%l?[ t% eﬁuﬁgﬁ I@g %éﬁdg{;g{jl n each
time 25 intervgurenioor derreipmnsmsdn sbackngnec@orer yhd)f:oﬁftﬂrlg)det Aukatar tinme
interval. In additjon, the control node 202 can use these calculations to
det er mi ne t he 3HBIHEY 18 ARUBMBPRTOANIHFEEr VNS tQHasst A19 tagged GRYSH canFymPilony
allowed taosrec of

el ectric evrégz% %%&ggé ﬂ%ﬁq¥ﬁé?%@3ﬁ€#%9wrQ%ggggyﬁfgggg?&&g¥q %'Qﬁ
controlling enbmgwed@nﬁunﬁfmmnt@F@mhﬂ]Sehmiﬂéd groups so that the tota

energy recovery of the S.in n time interval is set b
Cequct i on i ener aysrendtage BAM Meded Th it pEuey. ¢S daybe et o

amount  of eneﬁﬂ%nﬁQHQHﬂ@bW@nﬁﬂ%xﬁnﬁ@shﬁﬁggbﬁﬂﬁ@ﬁh&ﬁhﬁ?ﬂﬂﬁavﬁhﬁr@@?&@ﬁ of
energy consunption that is’reduced by a given group during a given tine

interval may be ayagiosp 1Byofvadegriiqdetibes A$ntdeach ghagiror devines HBopegroues ionf

electric Vi ces .. Sim t he shape of, the

Fecovery tin BEogher el e Seeirie B Brorkl el B e B g o
their energy rrﬁréomrms exddh e QRBIS | escoverd ahfcb@n@@@ﬁér%? Bies @hidigférabaye in
relation to Figures 9 to lib, all electric devices 208 in the groups were

assunmed to be Bavaitinabingerrelr2. enhBs on tiogrintegyal ﬁereamrléelorf Télasmara@w&pét ed
time interval. 'e_l%gglgee% ch'atfre{cﬁo@ksocf&) lst} %PE‘]dflfl)I;‘. lth'eﬂ' ng
O no

el ectric devices ing avall abr y pro | ow t he

el ectric device 208 to be turned of f dgrldg t he mhole of a given 15tine
interval, as is now described with reférenge to Figures 12a and 12b.

In this exanple, the control node 202 requires a group to be controlled for
one hour, as $HBwn in Figure 12a. As device availability is defined by user
preferences and thus may not match the w~equirenents of the network operator
(i.e. some users may prefer not to hdve 2héilk devices controlled for the
mhole 20 tine interval), the control node 202 can aggregate groups to

bui 1 d & ned reduct g DENGLOK, SSIRTR'LAN. K LAGR ndh Sib UL OERBEL 00 I

this exa there are € groups o tri evi ces

control, narreluﬁdgr ouuiremantothpt that dechveralighedyy dwaslimptiord methg redwepSares
assunmed to conprise electric devices 208 havinq)avera%e energy recqvery
properties sucipet Rat excse4d a givanplgvel (that represented by line 0.0 in Figure”10) until

after interval 3. To achieve this, additional groups 2, 3, and 4, each having
similar group availability and recovery properties are controlled in subsequent
20  time slots in order to offset the additional energy consumed by group 1 when
recovering in time intervals 1, 2, and 3, as described below. Additionally,
energy consumption reduced for group 2 in time interval 1, which is wholly or
partially recovered during time intervals 2, 3 and 4 is also offset by reducing
energy consumption of further groups, and so on. In the following description,
25 A refers to a decrease in energy consumption below the level represented by line
0.0 in Figure 10 in time interval 0 and By refers to an increase in energy above

the normal level in time interval x as a result of using a group in time interval y.



25 energy saved when the group is controlled off (or its net consunption
reduced) is clained back in 45 mnutes. For clarity, the behaviour of the
groups i swopepreérewsed as an approxi mat ed squar e-wave rePpOEPRQ12i08539F acti ce,
the energy recovery typically follows an exponential pattern. Each group
has a different availability, defined byfyser pref erences, and shown in
Figure 12b. Goup 1 30conpri ses electriézdevices 208 having an availability
profile allowing themto be turned off (or have their energy consunption
reduced) for 1 full hour; group 2 27 conprises electric devices 208 having
avail abi ity profi l4silbgthted HatFigweyl boathd @amounth el cagry,( &ft).hepgeireched r

ener gy consunpiq 1 S roup j ectric
devi ces 208 hé&?ﬁ@“ﬁ@§?ﬁ§%§?&ﬁ@1%$8 Hpgé%gﬁ%ﬁﬁgﬁﬁfpﬁﬁggaﬁggggﬁfé% turned
of f (or have tthaigiognErgyverodsinppthhime aderesidyive@by30 5m nut es. A
group of electric devices 208 whose consunption is controlled during a
first tinme interval can be fornmed by the processor 604 of the control node
202 as follows. The control node 202E§fpgs requests, via the conmuni cations
interface 608, to the electric devices 208'0f group 1 to turn off (or to
reduce 105 energy consunption) for all of the first tinme interval, to the

el ectric devices 2 of group,2 urpn off (or to_reduce energ
consunption) durin n?%ﬁ%pﬁéwfi? Bl t@@eflﬂrm@%éw(ao#rrh@g S5 I8 2480 nut es)

of the first thfRel MHefn¥@ly:cof@nftRntder&lEELY iaﬁlogﬁtVEG?au@ﬂ?tiﬁ’lfe igERMP 3 to
turn off (or to reduce enérgy consunption) for the period Trom 30 m nutes

to one hour ofl.tTHe dmewt of emegy reqeiredito offSepemeagy yecovdre in iliegnteyas2 ¢onsi st

of large nunbers of elegtric vi ces 208, neanj ng that .t he er of

ol ectric devi RS 2Bnt b ehirey Yt P O recpBre Rab e et hERel ayPEbiSunmpt i on
reduced) i a A@oGBNODERELY tAATLIBE) ¥ ddco®éhs HariN@fiMetiMeral Z&irih gyhe reduction

in net consunption associated with the group, so that, for exanple, the

anount of reduction in energy consunption is substantially constant across

the 20 whole of the fi ti i pterval , .as ghgwn jn.the . conbi ned graph of
Figure 12b, in which thééébﬁ#ggﬂh tlon r%ﬂﬁg'oU%'I[kgléh%ﬂn by the solid

line, the contribution fromgroup 2 is shown by the dotted Iine and the
contribution fromthe group 3 is shown by the dashed line. In sone
enbodi nent's, recl anici gtiet neAe 2§y therpkde isplegther furthst sroupe sra® Bnard val

Lakes place OEiuIDIE H0A0 LNS MR TS BLYASNSNOME, HE iSIRAP! ©, O

Figure 9. The energy rec rnc Vi I's stored in
the 'energy recoxesoydipglopgictenesy réquated tobifbdtendeyire@vdat ataseiddoalad t he
control node 202. The control node 202 uses éhe eneray,reclanation

charact eri st i d%thsrameph obenergy that greynscl, dedne dJeoVET ARy tnedNEBRd Pol t o
devel op strat§9%§§n;or shapi ng the 30overall profile of energy consunption
in the electricity distribution network.

E(3) = B30 + B31 + B32 = A(b]g_ + Zblbz + bg)

20 The control node 202 therefore selects a further group, group 4, and
reduces the energy consumption of group 4 by amount £(3) during time interval
3. Energy consumption offsets in subsequent time intervals can be calculated in
the same manner, if required. Using this approach the control node 202 can
determine the amount of energy consumption that must be reduced in each time
25 interval in order to push back recovery of energy to a later time interval. In
addition, the control node 202 can use these calculations to determine the energy

consumption pattern when all groups are finally allowed to recover their energy.



28 Fi gure 13 shows an exanple where the electric device 208, which
may be, for exanple, a water heater, has a |long period of energy recovery
rel ati ve wo 2otee12ti68e i nterval (1 hour). The dashed | i nePO/HPR@Q085338 shows
the energy reclamation characteristic of this electric device 208. As can
be seen, the time 5 taken to reclain1e2§§gy covers many tine intervals and
inportantly the anmount of energy reclained by the electric device 208 in
each of the subsequent tine intervals is considerably | ess than the anmount
of energy saved during tine interval 1. It is therefore nuch easier to push
saved energy recl antsoby slectingareunsi afeeleotiedgdses, 208ybaseshon diaii eRgTet her
groups off in nt e i ces
208 used do no%&§@§%§§%%§§eﬁna %ﬁ E$8,ﬁ§i§wr hg?&g %ﬁggﬁhgx ngg:gperiod
of time. This drsushowhathie tdﬂz& eﬁaigydeddve@z ofth&pgupeinld givehitiote ingpva sent s
desired energy consunptlon Thus by grouping electric¢ devices 208

appropri at el y,ofEadbpy sdveion; lﬁger@r@/cmsem@m cbds 2ossiHave iithpplesised at e

characterigti I S’ﬁ%f*e 9|C%ﬁgdﬂlﬁlJneﬁ§p €Jetirl] PRENE bPFime tTh§ aRQA! Qf eto

nanlpulate 15t ape o power ‘cons tron in given are shown
in figure 14aenmgysanmumph@MnmnnsSﬁmﬁmd mVanyweleiﬁqidunmﬁevggemtﬁmﬁ may
oper at e under .the control of ut er - based ener managene stem
CENB) 1400, wHERTFYHE Wrise g N N Gemast VR B PLBRESS: o G1oBHanpl e.

The EMS 1400 tdé?fc@@bby TR §805. SHANkAR!ife sﬁd’f)@ Shi 2hees re&glef%)n@(fng% demand
and/ or consunption (or provision) of one or nore electric devices 208

according to emetrglifedrﬂmbna@j@imgtelwm@ée\(lﬁwsz%mcggl)dmgm ihhir ragrehaedeined

| ocal ly. pIC EMS 14 ed at articul ar ,prem.s (site,
or “but | i 1G5 BmeHiso D RS BEIR deferiBy S Borelu R bRl B b enes.
the EM5 1400 eRcteOaEvieds TS id kiRUbRRpS vReE abiniAVIoCES adfifhiblh&ir cdagloRre a
comon owner ship (for exanpl e, dlstrlbuted el ectric devices 208 all owned

by a parti cul auripgshaebele of each assyeigied e itesealy iHovever.dbs ATBPAIME t he

control of t heto %@1 %r%%Bs %ﬁdl&élgﬂﬁc (a?\%cé)s 2 nc?%m a\ﬁ'ﬂ?@ll {(}r rofif'ef rv&l%a{:ht i on,

ventilation, ITg securl I ces EMS
1400 may conprdosre)tlanas\dwaecanddaﬁse)mw& wwardefediringf the whotet ofal giverg t he

power usage of electric devices 2 wi.t hin, for exanple, rge buil ding
to manage? Yhet %Pf‘e#n&ywadsaagg‘énWtdﬁ?%%Fﬁ@miﬂgef%ﬁqcﬁF%Elgqu?%éﬁlq §/abthe EMS 1400

I s configured to ORhifEkSLah Fe ﬁﬁgcfo‘iﬁ/ro?fléde%ﬁfe)ﬁ%ﬁ’és & R}Hp 1% b & not

di srupting or inconveni enci users of ng (by, tor exanple,
shutting of f pomeme laour) amgshbm;u 1nd73§1rbdaa sAs dehee apatabdity nodefirz0dyi sear r anged
to interface Vgré eretnge% al%l th111s4 %%yvnot match the requirements of the network operator
(i.e. some users may prefer not to have their devices controlled for the whole
20  time interval), the control node 202 can aggregate groups to build a net
reduction in energy consumption during a given time period. In this example,
there are three groups of electric devices 208 available for control, namely group
1, group 2, and group 3. Each of the groups is assumed to comprise electric
devices 208 having average energy recovery properties such that half of the
25 energy saved when the group is controlled off (or its net consumption reduced)
is claimed back in 45 minutes. For clarity, the behaviour of the groups is
represented as an approximated square-wave response; in practice, the energy
recovery typically follows an exponential pattern. Each group has a different
availability, defined by user preferences, and shown in Figure 12b. Group 1

30 comprises electric devices 208 having an availability profile allowing them to be

turned off (or have their energy consumption reduced) for 1 full hour; group 2



5 interface nmanager 1402 acting as a gateway. The interface nmanager 1402
enables the EMS 1400 to interface with other networks that use different
pr ot ocol swOBhe/i2nieér f ace manager 1402 may i ncl ude pr ot o®OI/HPREROEBEDI S,

i npedance mat chi ng devices, rate converters, fault isolators, and signal

transl ators that provide the necessary ijierfaces for enabling the
i nterface 10manager 1402 to transfer dat@da to/fromthe EVMS 1400, for
exanpl e. The interface manager 1402 may be capabl e of handling

requests to control electric devices 208 fromdifferent types of energy
management sy SOBWEIses Aedtiiglileidces\29B dgxing |afvaué%béﬁy prefilehaich dlead thayeay bhove.
Exenpl ary co t r 1 I gure
14b. The int renr:E ‘?agg Ofrfwfag&gg%el%g n%’rl Ses %10?[#3@1{ % Elﬁ f&hu'?‘)slviqn Hte ag%dc 1404
arranged to i nirewf ac@®nyirisbs eleetricodiviaak zmedl&va@avalaawﬁy ipréfeed ao:c&l 406
arranged to interface wwth the EM5 1400, a processor 1408, and_a storage
device 1410. They mApGRIYORR tyiiedi off Earthave theirounersy eansumpieen tedupesd don dat a
(i ncluding 2Q.con %rol requests) from and send data to the control node
202. The EMS interface 1400 is arranged to send data to and receive data
fromthe EMS 1400. Algsupraebssor devd@s 208 vdlolsangsdnmaopnmlldhﬂmmsm ng

through the interface. rrana er 1402, escri bed j ater el ow
The processor MioE F duBsanen oaued By Seamoesset o FHE S g 5
202 to controlasefof6lEi CTREVLEES AAR E'(ﬁ@%éndshl%qﬁéb'i’st Q4 tﬁ’é cbienfEMRLHSAO0. The

processor 1408 uses logic (which may be in the form of %rogram stored in
t he storage 1411t©yfa¢60608:|ét)eh¢ne}¢pung deiviceh 208 affgovredgpvet oEdoest edace
conpatible with the EVS rul s that. re det rmnedt

conpat i bl £ w ey g o TR EE i ORGS0t MelFP 88528 (o c e

EMS 1400 to bef3ebupnt enmnt @ﬁ(oﬁ@ded&@%ﬁ&%? cbisdimptionf e o1y bhetfiver VS rul es
are returned to the control node 202 without being passed to the EMS 1400.

Upon recei vi ndniauee (efdisgvadable d&musutes)ishabist He llﬂi@ﬁ’@l 209 torig dlesdiitc updat e
the device data%g%gf _ZLéigg)f §90dpn§i & %rﬁaﬁ@r t%l 1%81556' gnefg%lv&&ngﬁ rrégg )%g%e the

control of the re - unaval for contro reassi gn
groups and i sgedoddiwni 8quasiusesaocadkdiongloy theTine thldSintetvals ’lﬁﬁpﬁcdlﬁﬁ ake to a
device availability defined by the user in addition to the availability

defined i b t he QMRS cstshipdslarge pumberexdnplestrie Vﬁ%g@%meanf%t@w@moo may
a control refg;u rfatdfo eé{ﬂlftdév?;e@ R4S kNES e SHRR 8§ @Os gr The

busi ness may control 1 ng power r| ge% ation
unit; for exarcphmmpthm fedsded $15 argil @s groayp cutndieawﬂfletihatvalrhehe size of the
reduction in net consumption associated with the group, so that, for example, the
amount of reduction in energy consumption is substantially constant across the
20  whole of the first time interval, as shown in the combined graph of Figure 12b,
in which the contribution from group 1 is shown by the solid line, the
contribution from group 2 is shown by the dotted line and the contribution from
the group 3 is shown by the dashed line.
In some embodiments, reclamation of energy saved in the first time
25 interval takes place over more than the two time intervals shown in the example
of Figure 9. The energy reclamation of a given electric device is stored in the
‘energy recovery properties’ field of the device database 606 at the control node
202. The control node 202 uses the energy reclamation characteristics of each

of the electric devices 208 under its control to develop strategies for shaping the

30  overall profile of energy consumption in the electricity distribution network.



10 refrigeration unit is controlled off for no nore than 1 hour in a
24- hour period. Upon receiving a request fromthe control node 202 to
control oWVD20tee12r@bri geration unit, the interface manag@CTELOR2NEL5H
conpare the request with the EMS rules for the refrigeration unit to
determ ne whether a conflict exists. For,gexanple, the request nmay be to
control off the refrigeration unit for éz ours, 15 which would exceed the
maxi numtime specified by the EMS rule. O the request nay be to control
off the refrigeration unit for 30 m nutes, but the interface manager 1402
may deternine, by dogitallsishgwsha e=MBpleagbere g clegfaicdsiice goBawhish 0@ t has
al ready been Nt I o] ¢ 1 LD i and so
controlling tﬁ%’%g%%%§€$a%%@%Q&ﬁégng%ggﬁﬁﬁg%%Kﬁpﬁﬁﬁég ﬁ%%%g%ﬂﬁgﬂgégéch t he
EMS rul es. | n tkacimeofntérhgis@ ax@plTheydashaktine tofieFigureers slodvirdrageigyl402 may
return the request to the control node 202 w thout passing the request to
the EMS 1400. reclamatiomghapagteristic of this¢legBictdavicedd§e nreran b sess. thedtme he user
intends tosta r - ' ' Ll 7 t he
cllectric devi cosTA8aEISB G el PTG AU ARy e WPl g
rul es may be apphereg rbylainfee histdre dectac denipolds yn badi of the soberuémeainmequest s
received from.the ﬁontrol godg ﬁQZ in rgsponse to a Iocalﬁﬁ ent, such as a
fPRY £

Unexpect ed nedfiegbdneansidrablyess thandBe AmRuALo! BRsnsa RbANERANAS, e

EM5 1400 may bgreRRET it i9theldfor Mt daSidt & push REFIRNKSY rSUAN&idTBlfutufe ONE Of
a chain of stores whose electric devices 208 are 30ordinarily avail able for
control by thdineomtaredls, hydenzoltingoter diaugs off i ghersublssiqi exs dinaeyiatdredds, lif t y

defined by, the, business.. Ho er,. kn response to a lqca l.event in a

par t 1 cul a0 st opd eeb g yicHF B P 4 bCRRBRR o ydpadif benbol Sihr o

devi ces 208 i nextdnaéd ptidicof time. SIIAE & SRNAOBY tHEaolanie foFigwer T3, Gehidihe
normal availability of electric devices 208 in the store to neet the needs
of the busi negspresantssénsised aey serfugptione Thys oy feaeuwrineaelagier dewiges 2R/

i ncl ude an overrj f t a oy a rri ftch or
but ton, ani cn RS 2isRec G by clsBihl TRERE PULPEE 2 SR Bl

passi ng any r efju@stesistigsosnchng etanid tdconad raRzidsittihipossidle 1t Baniphitaee
override functjon may _be provided. in hardware or software, and may be
remotely bﬁ:ceéL“? g]agepgp@ﬁg GREBIMPURR; 18 AGHAH| 8% t he user to override the

control of the contg {{;,Qp(;h awi Lkl Ysol SITELHENEN | rto
determ ne the conpat?g? Ity g@gﬁ%ngstémggngﬂ%y t%ggbgﬁﬁpgﬁgﬁéggglgg, t he
processor 1408lemmys i208enraggapeatechendevSthe4 0éntidl aof e cahButenbasel acerdy 06 to

determ ne whet her there are exi sting, EMS . rul es, for devices specified in
the requost scHmaBSMeHayEemERSSAE whEh MaTbe st Bl ma TS HALS ek n

conpare the reguest deekﬁn{ul@ﬁ,TﬁV@MS”l@@Q typicdRY BIoRitBR, Edntke¥n@bStimikes | N
conflict. The additional Togic stored in the interface manager 1402
prevent s }@quesergysdemangy andier comunmpttionode @osiohntof canef di crorqidéstihe EVS
rules from bei png. passed to.the EMS 1400 and di srupti t he ration of
lectri o devi (ReicBDIEResbRibhfo BTt et inEh PO Bt nr BREDE0LRY <

i nconveni ence degih&d Isualg e drypicatinethesENS Dfoot Relokited di Bpaicubie WrehBedli i ng

t he owner of the EMS 1400 O to update their user defined availability 518
in the user ddtiffhase MoWingcrand] pEovadesmvipgal| encrey uparagegent. In g j pl e
requests for i h] i r ENVS
1400 over an GHPLRANEInFERES hdo ARY ARRRFIIMIA cbitfe SEHLE el

i nterface2jranagae d406@Anioa dvneersHib (lod@Rampla dédtriphted ket esean08Tdie
interface 25 mang er 1402 may then conpare the nmultiple requests with the
EMS rul es for YHE 5@&?&ﬁ@#ﬂﬁﬁ§nﬁ§}iod, and pass the requests to the EM5
1400 if no confli CtT)%Eé SE3lectric RRROR0TREeCARIohibBofheSBMSI NB0i B er f ace
manager 1402 may return all of the requests to the control node 202, or may
pass the conpatd¢lbdeonceguest st heatingereBigerdtt@) vendatroat Ugitinghpowersubplyt i ng

requests tot }}%e,c %‘é rsglcurlr‘]qg dc?ewzc%g.' gceh EMS 1400 may comprise hardware and

30 software components for controlling the power usage of electric devices 208

within, for example, a large building to manage the energy usage within the



30i nterface nmanager 1402 may then cache, or buffer, the conmands |ocally
for inplenmentation at scheduled tinmes. 32 Transmtting all the
request s wonom2eossended period in one transm ssion hasPChEPa@2AM3aT e of
enabling the EMS 1400 to control its electric devices 208 in line with the
requests fromthe control node 202 in t:@ event of a failure of the

comuni cation |ink between the control de 202 and the EMS 1400. 5
Furthernore, electric devices 208 under the control of the EMS 1400, for
whi ch no particular EMS rules are defined (i.e. that are directly avail able
for control bwutlﬁ@gcorTB’P&aHhoH@ B | 1480 els peasfiguteddtof pomnfsgi thar eneedy t he

t h
control node 20015y T TERER ol boy BRI EY s pib s RS g °
conpl ete, the ‘tﬁildﬂﬁgl‘(bﬁ deWa@prQQButungieff pob@r dorig Blsingss houﬁt@t be left in an

unwant ed state, because the |nt erface manager 1402 has cached a conplete
set of requests. Fdrrhteffé’lnﬁﬁlr@ et%W%ﬁHi‘Iiﬁj’dr?ﬁlﬂtthéché Wighy thedtMS 0P i e

time, the 4nt r 0 u y t
conpat i bi I% tyq{ét%ﬁgﬁee re eslt%ﬁwg%tﬁg %@Q%ML}; esrle h%nm{ @gﬁcﬁéﬁgg&eﬂ%@e
interval in whenelles hie IEMSleBItOOl ® subdael edhfaher héevoelfottat ushedifferent ol node

15 202 receives returngﬂ sts nmuch ggééler than if the 1reg sts are
sent at the tHROLHE cdfErBICHEUST SRS, ey dBAPHGIPTPIRECle FARYEPS. devi ce

208, and so t hRpeRLE OaRARE 2A0¢icHaS D &nbihEs | TathiiGdlatb, SRS SiMA and
control groups of el ectric devices 208. This reduces the conputational

bur den on t he troslatoos thmmroz@lz thande@mm agtetfheesctomt erablimg dhe 20@rfaee r eact

h I f 208 Kl
i somehboar MAEy TR el bR SRS B g3t r T R 300 mmy b abl e

to detect a fail urermef mtdmc@mgelcwmmalylWC%meefl hhMBingoRki&ks rode 202
and the EMS 1400, and may, in response to the failure, generate requests

local l'y to retq@prokdistiag é@weiséoaénmé@femﬁ Hipee ohencasy @@na@ynneh@sye@ﬁw ol node
202 to 25 a 2%&5 gg‘fégté}gg?l%}e\étp th&p&sgj\@d%?}? A conmuni cation failure

may be detect recogni sing at an expected control
request has not be&rken@dmyvmm]ims ¢t ev émedae anhiges DRI gessHosvmimi ng in
an |nappro riate state followng a communication link failure, and

m ni mi sesidi srgyrg dAd-arkhe; Wﬁ%#\?%ﬁﬁl"’éﬁég &%WP%quﬁélﬁ%?%tlﬂ’ft IRREagd ectri c

devi ces 208 unlqgﬁ_aglglggﬁigﬂ)t [Iﬁ)érfa%g%ltﬁ g o:ngge 20332 EMS inttP§cd ?&é’ﬂ“ ques

and net hods descri rein may be inplenente vari ous neans.

exanpl e, t heseartaegdinioquesaceayith ehel EISdA0Ot aeptomssbtafrékﬂ)&aami 4 g0mge de\rmer e
devi ces), fi r:l\gq{)e (one or nore devices), software (one or nore nodul es),
or conbinatio hereof Hardware inplenentati on may be

The input/output interface 1404 is arranged to receive data (including

20 control requests) from, and send data to the control node 202. The EMS

interface 1400 is arranged to send data to and receive data from the EMS 1400.

The processor 1408 is arranged to process data passing through the interface
manager 1402, as described in greater detail below.

The processor 1408 processes requests received from the control node

25 202 to control electric devices 208 under the control of the EMS 1400. The

processor 1408 uses logic (which may be in the form of a program stored in the

storage 1410) for determining which of the received requests are compatible

with the EMS rules. Requests that are determined to be compatible with the

EMS rules are passed via the EMS interface 1406 to the EMS 1400 to be

30  implemented, and requests that conflict with the EMS rules are returned to the

control node 202 without being passed to the EMS 1400. Upon receiving a



5 inplemented within one or nore application-specific integrated circuits
(ASI Cs), digital signal processors (DSPs), digital signal processing

devi ces (WBRDE)127@s0gr ammabl e | ogi ¢ devices (PLDs), fielPdTmrograsssabl e gate
arrays (FPGAs), processors, controllers, mcro-controllers,

m croprocessors, other electronic units gesigned to performthe functions
described herein, or a 10 conbination thereof For firmmare or software,
the inplenentation can be carried out through nodul es of at |east one chip
set (e.g., procedures, functions, and so on) that performthe functions
descri bed her éetyrnettiequsst, theascatrobaeds 2A2ymaethep aipdeteithe deviret detabasy €0Qni t and
executed by pr.Qc T ta. i y | npl hthin the
processor or et§t1§c§§%r§ﬁl>}att§§%tﬂg d%}/%%:ée)gg%;&d%rn{@hce&%fggré ‘{%&Sﬁgé@b iaFé can be
conmmuni cat i velunaeglapleetbrt corthd, pRd OBRSS GEasyigd Y@ WRd NBAIRS nedSrdq8edtd1own i n
the art. Additionall }/ t he conponents of the systens described herein may
be rearranged %4MIABEDConpl enent ed by additional conponents in order to

facilitatesthe aChgﬂl\éimS%leE %lyvlérait%sd A3RE ilatﬁfifér_ def&ggggi}] egkoph g h

regard thereto, and they are not imted to the precise I gurations
set forth in taddditighventhei guailelsi]ityadefamdd irb¢heapmreddtatiasel by amexskplalyed in

Lhe S o o R e RS HTEILS L it SR A S5y 1 Ve
envi saged. For,s@X@apBinfirkd:t The blGisedsi REddahREVE hafes ForURlrollRY foeftACt

S
with, and provide 25 information to, the central node 200 via the user
interface 310 thé refhigeating ruiit; fodex@0ple, ithe dosreesar ndasgemerdistatet thet dker may

instead ipteract. with the.central n 200 usi user | rface. |l,ocated
el sewher elb or Tebiettaon Ak 6 S0 285 R 50 ani i B A R A0l *hode
200 via the iﬂﬂc}ﬁfnneéoeidiﬁg SO MEquRET &RGE BNt @ntrbh@0d®MI2INitE adon@bl deSeHd bed as
bei ng perfornmed by a user could instead be 30perforned automatically, for

exanpl e usi ng refrigerapian enitathgonierfaps waneger d40F avoulh compaiadpr eues vatltess the
users cal endary,. aRe 9J1esofor1]§ﬁe P?ﬁg%ﬁt%n L o8 H&%ﬁﬁ%ﬂe %eﬂ% &' 0hAfk, BVl abl e
ed Wt e or exanpl e. E

times of devi ces assocl a user, urther, it
was nenti oned Fabexemplbathe aegesttmal bered@nfoPofifale frigeeatadmistor dabars,
i ndi cati ng_a network dress, such. as | P address, . of one or re 5
el ectric Hevi e@@g@@@ F%Fe\ﬁriith%niatxnewmﬂﬁ?éa%%éd P té%#é“%r%ggi Retis, the

electric devi Ges 20fhaTBe RRALENHolUSH AHE Db Shit! foF FoPRAKED RYGhe @S 2
subscri ber i den(?“} ty ng%l e \éﬁM card, l.lléfeor gxarrp e, in whi g{’l case the address
dat a conpri sesntarfa¢edsabagey 1H02inery ddtertrhee, diyveoms@kibg che EMS U400 st ane MSI SDN
nunber. In SOME. cases com;lgni atj qns bet V\(ﬁgﬂ]ogtfcté‘rsi c. devi.ces 208 and the
10control noddSTEERURBY %a%?aéié( ChY COMENSH BSIB A dFIHLES A HICHHEY'PRE power
l'i nes, 24 hours, and so controlling the refrigeration unit off for 30 minutes would
20  breach the EMS rules. In each of these exemplary cases, the interface manager
1402 may return the request to the control node 202 without passing the request
to the EMS 1400.
The EMS rules may be time dependent rules that the user intends to take
precedence over the user defined availability 708 of the electric devices 208
25 stored in the device database 606, or the EMS rules may be applied by the user
on a temporary basis to override requests received from the control node 202 in
response to a local event, such as a unexpected need to use a particular electric
device 208. For example, the EMS 1400 may be operating in a particular
supermarket store that is one of a chain of stores whose electric devices 208 are
30 ordinarily available for control by the control node 202 according to user

defined availability defined by the business. However, in response to a local



known as Power Line Conmunication (PLC). The central node 200 and the
control node 202 are descri bed above as being inplenented in discrete

st ruct ur 880 2piviev®s, t he conponents and functions of thesE/RrOHRHSSIEDr
exanpl e the user and devi ce databases, may be 15inplenented in a

di stributed manner, using a plurality oﬂsdistributed physi cal structures.
In many of the above exanples, energy fI&M/to and/or fromthe electric

devi ce 208 was varied between two values (e.g. energy on/energy off).
However, in sone enbodi nents the energy consunption/provision nmay not

20si mpl y be caeitoln| & gamigula sisrasuchas dby ifdbise of one asforemft the pldséic ¢ he

cont rol “node 208, IBYoe gnifol SEUESRL G ARELANS, Bhnl B3S HRNA UM gRPaCt LY.

In many of the above exanpl es descri erence gures to 13,

reduction of taheilabelity odeRunietdedite©0®InabE Kictato RER TIgYndeds dethebubiaeksi N t er ns
of controlling electrical energy consunption of groups of electric devices

208 in a 25 dnveRe prBodimeaiey e InftRsE dpanager Nk msvelitcle A, OVeRidome

enbodi nents, t I rd 26t [l 16 i
o ovi de. ol pot AR, AEREE EAUAEL EATRArate RURE & BRI RER wiRR MET,
In this case, pgréventsaht iérfat maragel EOL fran pasimgyanyoaguesstiicn thencontrel gi ven

area identified . a te f Figure 8. i ncl ude. i ncreasi.n n anmount of
S0ener gy pr ovieeopl B dads bt B &veaidehogdon Ay bEREHGR MAEENaTn e
exanpl e of Fi giEfiRarelarll MENbIFARITRYcEAORH 3R (¥t L TIRL EnBNRMHY ufRE QYi ders
who receive 35 requests to provide energy during associated tine

i nterval s, ratdverrideliagcantrot etihe contrelewde 802 quiskippn poametgenenf , so that the
ir ﬁgtjg;isgn}(]ia]n eﬁg:} ;; :oié@?nrst%)gﬁﬁ%ertrn‘ienseutlhtesco];nrp%mnth}%? of §& l{Jeé\gttsSsetcltht)rgptrhieScef\nsltr%‘
node 202, the processor 1408 may interrogate the EMS 1400 via the EMS
interface 1406 to determine whether there are any existing EMS rules for
devices specified in the request sent by the control node 202. The processor
1408 may then compare the request with the EMS rules to determine if they are
15 in conflict. The additional logic stored in the interface manager 1402 prevents
requests sent by the control node 202 that conflict with the EMS rules from
being passed to the EMS 1400 and disrupting the operation of electric devices
208 under the control of the EMS 1400. This prevents inconvenience being
caused to the users of the building without requiring the owner of the EMS 1400
20 toupdate their user defined availability 518 in the user database 406 each time a
EMS rule is updated.

Multiple requests for controlling electric devices 208 under the control
of a EMS 1400 over an extended period (i.e. several hours) may be sent via the
interface manager 1402 to the EMS 1400 in a single transmission. The interface

25 manager 1402 may then compare the multiple requests with the EMS rules for
the corresponding period, and pass the requests to the EMS 1400 if no conflict
arises. If one or more conflicts arise, the interface manager 1402 may return all
of the requests to the control node 202, or may pass the compatible requests to
the BMS 1400 and return the conflicting requests to the control node 202. The

30  interface manager 1402 may then cache, or buffer, the commands locally for

implementation at scheduled times.



Some energy providers may exhibit energy recovery patterns the same or 5
simlar to those described above in relation to energy consuners. For
exanpl e, WO 2tes12po6vi der of el ectrical energy conpri sesPal/EPR@EC083385 ener gy
storage device, such as a PEV storing energy in its battery, it may be
requested by the control node 202 to pr 03\2' de energy fromits battery during
a given tinme interval; during subsequent™tinme intervals, the PEV may
recover the provided energy as its 10battery recharges. Ener gy

provi ders which generate electrical energy, such as wi nd turbines, may not
exhibit any ener gy Fraessvting alktihacequerie fer asexiended peripe e ABe transnyigitiar ge” or

ot herw se o IS e 4&%{1&@@0 Bhd ¥he°ﬁ19f§f i’zﬁﬁ) to'&sn?f8f‘?s 8@8?9 dIGiLSa0d he

control node tion I'si’ng one or nore

groups t hat comsuéranﬁhltﬂaerqhe@sl freﬂneh@yormmxﬂn@dwzazrmm@egf@ﬁ!ep&ﬂtuhaaiftm ovi de
el ectrical energy. | n sone arrangenents, one or nore of the selected groups

conprises a cGERBIMHENGHANo Fnlél@é‘f"?qnc thievgoael 2ode t 32 BBnderEMY d0Pi cal
ener gy an? tel §ithbndlEVdIESSc gm&sp{?@g}n‘d@r b ‘ESﬁtHlQﬁ'theeEﬁSgVAtOO'f 'vﬁn&nlﬁo a4 rent

under st oo hat any feature descri In relation to any one
may be used almoneyticautariiMS onlbs matdleﬁmed/\@tehthatztrerdlrfaetafcmdsbld@sroaombebby and may

al so be used | conbi ﬂ‘ﬁﬁf@t)\mth one rr&f ures of .any pe% of the
enbodi nent s, %mxtr 8 5k PisRecte o ators P e oRBiSAERTIEK For
Furt her nore, %615,'1&116%' GNhe caffuiRHidd AL batRed e &%%Fﬁ&&%dzoé%ﬂ%hé@bﬂsi' so be
enpl oyed without departing fromthe scope of the invention, which is

defined in 25t1480 afmlsdmf@mw dryired aperstion BacoBipdé¢temsthe Blechicrdstvirec08funder
controlli el ec e consu on w.t hin tricit

G5t 1§ but | Bn® ERRE nof BE ULt e e A% BiBhd Bl 0%,

el ectri cal enerfagycablqbdaag@ﬂma@hse@aif R8s, 8 Mirtheahdrey bf seali@et muRiplkevi ces
being distributed within said geographl cal area, wherein each of the

el ectric devi deauests adhasemaline, tthe tinferfegecmanager 10 ihgs ranmnppanmnet%r k to
consume el ectrd.cal; %”t%%% y%’gblﬂépéﬂ ﬁx%%&lﬁ‘e%{s%ftg%e EM%* |"g4GASI Bp @ net

amount of el ectrical energ n sal eogra | Tal Var ea, and/or
to provi de el afi¢ ikalalenerigyh tige tdgaeselieedhedwed Yordlthﬁréfbiiwthd)dibﬂﬂl@l woddk ,

t her eby decreasing a net anount of electric ener9¥ consunption in said
geogr aphi By %Ogéecepy@ r@ra%re@g%; p@ph@arher than if the requests are sent at the

time the control node 202 needs to control the electric device 208, and so the
control node 202 has more time in which to reassign and control groups of
electric devices 208. This reduces the computational burden on the control node
202, and enables the control node 202 to react to changes in availability of the

20 electric devices 208 more quickly.
In some embodiments, the interface manager 1402 or the EMS 1400 may
be able to detect a failure of the communication link between the control node
202 and the EMS 1400, and may, in response to the failure, generate requests
locally to return the electric devices being controlled by the control node 202 to
25 a state defined only by the EMS 1400. A communication failure may be
detected, for example, by recognising that an expected control request has not
been received. This prevents electric devices remaining in an inappropriate
state, following a communication link failure, and minimises disruption and
inconvenience caused to the users of the electric devices 208 under the control

30 of the EMS 1400.



mai nt ai ni ng a devi ce database conprising profile information relating to

15said electric devices in said geographical area; identifying a tinme
peri od duwoprngiazmr@h consunption of electrical energy suppriEPdoiRpsIshe
electricity distribution network is to be controll ed; sel ecti ng,

based on said profile information, a pl uj,r3ality of groups of said electric
devices |located within said geographical area, each said group 20conpri sing
a plurality of said electric devices; associating one or nore tinme
intervals with each of the sel ected groups, the one or nore time intervals

associ ated with a dihgetschiequestaad raetbeds drspmbpddhareiarmapy be ompleaested @ nore

time interval Late ] I Ld time

nterval bei ng 000 R el bR bR i s W R Sa Aty

el ectrical engbgyocmosddpliced)) fohmvane darosi RbeMddgidb)p sodwire (bee oonilor®! | ed,;

sendi ng one or npre requests, for receifpt at the electric devices of the
e

sel ected gr oup%‘?dutlﬁ)acé’ﬁt T e it]&eé?‘? ne?@@%ﬁsﬁ%?m@ﬁm&ﬂm/@?y pl?‘bv! si on
by the elegtr 'iﬁlgﬂs%’én?e%s’ e 6hY &edhstng ic@ﬁ&n-@;?&?ﬂ@?ﬂt‘eg&t% cBLeed rical

energy in 30sal d geographical area, during a respective aSsociated tine
interval. 37 (ASKCyetdmal ascgal grongstoos €DEPs)H Higitah signat Iprodessin@tdelieast one

O L1 Select g Soune, AN S0 Of Rr S EET LS Sl S S
met hod accor di(ppGiaR), ChRicRsdrs, | dnWBIIER, Hhiefo-&ntlofas! WBRFopPhcebides, other
electronic units designed to perform the functions described herein, or a
10 combination thereof. For firmware or software, the implementation can be
carried out through modules of at least one chip set (e.g., procedures, functions,
and so on) that perform the functions described herein. The software codes may
be stored in a data store unit and executed by processors. The data store unit
may be implemented within the processor or externally to the processor. In the
15 latter case it can be communicatively coupled to the processor via various
means, as is known in the art. Additionally, the components of the systems
described herein may be rearranged and/or complemented by additional
components in order to facilitate the achieving of the various aspects, etc.,
described with regard thereto, and they are not limited to the precise
20 configurations set forth in the given figures, as will be appreciated by one
skilled in the art.

The above embodiments are to be understood as illustrative examples of
the invention. Further embodiments of the invention are envisaged. For
example, it is described above that a user may interact with, and provide

25 information to, the central node 200 via the user interface 310 of the central
node 200. In some arrangements, the user may instead interact with the central
node 200 using a user interface located elsewhere, or use an internet browser to
communicate with the central node 200 via the internet. In some arrangements,
the communication described as being performed by a user could instead be

30 performed automatically, for example using a computer algorithm which could



sel ected groups, the one or nore requests results in an increase of

el ectrical energy provision associated with said at | east one group.

4. A et WO 2ae¢r@sng to any preceding claim in which, PCh/EPR@&2053385 10 of
an electric device arranged to consune electric energy, the one or nore
requests result in an anount of electriqypnergy consuned by the electric
device fromsaid electricity distribution network being reduced during the
associated tinme interval, and in the case of an electric device arranged to
provi de electric energy, the one or nore requests results in an anount of
el ectric ener d¢ alspied\ipcisgessythe meerg|calendarc apdior edher petspeal dpfoematien tg

di stribution j I: i ia I i nterval.
5. A ot hod acii oAy RS GPARR<SHHoR R Rk RS, LT T

devi ce arranged t o Fugthstine velsedeiitiched neblogy ,thithg congolohodLe2 meguenks 20
result in the electric device being disconnected fromsaid electricity

di stribution féfigey Aatadndipgingre ngfa@sk padress. sugheas Ht addyess, ohare PhMOFe case

of an el ecd 1 cy ey agyialr RRISHN K AVl BhEGLE T f SHRL BboliiRrAnG O MOT e

requests results in the electric device being connected to t electricity
di stribution reddewor Kedued 208t iney dmsoci ahephet identifiert swcomlorat&b such as a 6. A

nmet hod according to an recedi.n ai in which.the.aone or nore sel ected
el ectri o devi cateBrmmenll P Suft Pl furgimalinds arfh cakidht ReCES. o
nore requests da@siliprises &0 iddAGleRRRbdr dIThEGHEH SIONQFY Y%ubeREEAMARDRY t he

el ectric energy generator. 38 7. A nethod according to any

precedi ng cl aingmben Whsehe chiss asgwuinatagdnohesween plscigictdevices A& avdlthe ar e
arranged ch that. the up 0se net enerqy. consunption,is reduced is
Tar ped selfiendP\AHEs SR It ESatish ST uHRAO & nt ol EOHES

known as Power Line Communication (PLC).

The central node 200 and the control node 202 are described above as
being implemented in discrete structures. However, the components and
functions of these nodes, for example the user and device databases, may be

15 implemented in a distributed manner, using a plurality of distributed physical
structures.

In many of the above examples, energy flow to and/or from the electric
device 208 was varied between two values (e.g. energy on/energy off).
However, in some embodiments the energy consumption/provision may not

20 simply be controlled by turning the devices on or off, but rather the control node
202 may control devices to operate at less than full capacity.

In many of the above examples described with reference to figures 8 to
13, reduction of the net consumption of electrical energy is described in terms of
controlling electrical energy consumption of groups of electric devices 208 in a

25 given time interval. However, as mentioned above, in some embodiments, the
selected groups comprise electric devices 208 which provide electrical energy to
the electricity distribution network 102,

In this case, the control of the electric energy consumption in the given

area identified at step 800 of Figure 8 may include increasing an amount of
30  energy provision by these providers of electrical energy. Thus, in the example

of Figure 9, a given group may comprise multiple energy providers who receive



5 8. A nethod according to any preceding claim in which the profile
i nformation for a given said electric device relates to an availability for
control oVotbe/grasén el ectric device, and the all ocati oRCOEPRE1R/0§339EN
electric device is perforned on the basis of whether the given electric
device is available for 10control during¥@ given said tine interval

9. A nethod according to any preceding cllaim in which the profile

i nformati on conprises energy recovery information relating to an energy
recovery property of at |east sone of said electric devices, and said

sel ection of ¥s@ieplsup aravide ofergyt Gupws dssoqieted Gmedatenyals, hahgrdsastageashe

energy recover r Lon. . ' ecedi ng
o oy 1w o e B tRion thereor, oo (s TEA RO AEERHIAN P bR POC
relating to atfrdred®treguesB cpsiaésthnldfeleeetifi eterd@pidason.and sai d sel ection of
a plurality of gro%Ps I's perfornmed on the basis of the ownership

i nformati on. ofme ensTGYERTRYECTACRT TG BT RFCRHeET BRI 1BF 84RE OF n whi ch
e ProriLe | DALY B0 SATRILSE, Ok 0R.SBALIHL AL KOLUIPELED
a plurality ofif grequpsidersof electrical energy comprises an electric energy storage device,
such as a PEV storing energy in its battery, it may be requested by the control
node 202 to provide energy from its battery during a given time interval; during
subsequent time intervals, the PEV may recover the provided energy as its
10 battery recharges.
Energy providers which generate electrical energy, such as wind
turbines, may not exhibit any energy recovery, since there is no requirement to
“recharge” or otherwise recover electrical energy provided.
In some embodiments, the control node 202 selects a combination of
15 groups comprising one or more groups that consume electrical energy and one
or more groups that provide electrical energy. In some arrangements, one or
more of the selected groups comprises a combination of electric devices 208 that
consume electrical energy and electric devices that provide electrical energy.
It is to be understood that any feature described in relation to any one
20 embodiment may be used alone, or in combination with other features described,
and may also be used in combination with one or more features of any other of
the embodiments, or any combination of any other of the embodiments.
Furthermore, equivalents and modifications not described above may also be
employed without departing from the scope of the invention, which is defined in

25 the accompanying claims.



performed on the basis of the operating characteristic information.

12. A nethod according to any preceding claim in which the profile

i nf or mat i WO 20mara6Ses i nformation relating to the devi c@CTYEPR01GH5365 | east
some of 30said electric devices, and said selection of a plurality of
groups is performed on the basis of the:ﬂfvice type information. 39

13. A nethod according to any preceding claim in which the profile

i nformati on includes an indication of whether a given electric device is
arranged to consune electric energy or whether the given electric device is
arranged to 5provide electric energy. 14. A method according to any
pr ecedi ng cla%g%1|n which the profile information conprises energy amount
indicators in ng an anount of energy consunption and/ or provision
associated with the electric devices, and the 10nmethod conpri ses:

I dentifying a net amount of electrical energy consunption to be reduced
during said tine period; and allocating electric devices to groups on

the basis of the energy Qupuly (gm.hf\r@ltliﬂé%lectrical energy consumption within an

electricity distribution network, the electricity distribution network supplying
electrical energy to a geographical area, a plurality of electric devices being
distributed within said geographical area, wherein each of the electric devices is
connectable to the electricity distribution network to consume electrical energy
10 provided therefrom, thereby increasing a net amount of electrical energy
consumption in said geographical area, and/or to provide electrical energy to the
electricity distribution network, thereby decreasing a net amount of electric
energy consumption in said geographical area, the method comprising:
maintaining a device database comprising profile information relating to
15 said electric devices in said geographical area;
identifying a time period during which consumption of electrical energy
supplied by the electricity distribution network is to be controlled;
selecting, based on said profile information, a plurality of groups of said
electric devices located within said geographical area, each said group
20 comprising a plurality of said electric devices;
associating one or more time intervals with each of the selected groups,
the one or more time intervals associated with a given selected group being
different to the one or more time intervals associated with the other selected
groups, each said time interval being a time interval of said time period during
25 which net electrical energy consumption of an associated group is to be
controlled;
sending one or more requests, for receipt at the electric devices of the
selected groups, to control electrical energy consumption and/or provision by
the electric devices, thereby reducing a net consumption of electrical energy in

30 said geographical area, during a respective associated time interval.



15 15. A method according to any preceding claim in which the
profile information conprises location indicators indicating a |ocation of
a gi ven aveanryralesdevi ce, and nmet hod conpri ses: PCTiE®RO2I05385H1g a
given area in which electrical energy consunption is to be 20controlled,
the given area being an area of said gquyaphical area supplied by the
electricity distribution network; and sel ecting, based on said

| ocation indicators, a plurality of said groups of said electric devices

| ocated within said geographical area. 2516. A nethod according to claim15,
conpri si ng mai ntai A-ng himfthshaccerding iwbdaia bt inawkightfoppt leateongpdded at ed
with the give . A 0 r di t ' > | 8J endi ng
sai d one or ngFggggéﬁé%@EtﬁféﬁiggidﬁgéglggF]ﬁggéghg%kggpﬁgggfﬁ%ﬁﬁgggording
to either of ahaigncbosuamdionlagiotiated with saihiaclkadtlvae despce dat abase conpri ses
device identifiers identifying electric devices |located in said given area.
519. A net hod according to claim 18, conpri sing:

5 3. A method according to claim 1, in which, for at least one of the
selected groups, the one or more requests results in an increase of electrical

energy provision associated with said at least one group.

4. A method according to any preceding claim, in which, in the case

10 of an electric device arranged to consume electric energy, the one or more
requests result in an amount of electric energy consumed by the electric device

from said electricity distribution network being reduced during the associated

time interval, and in the case of an electric device arranged to provide electric
energy, the one or more requests results in an amount of electric energy

15 provided by the electric device to the electricity distribution network being

increased during the associated time interval.

5. A method according to claim 4, in which, in the case of an
electric device arranged to consume electric energy, the one or more requests
20 result in the electric device being disconnected from said electricity distribution
network during the associated time interval, and in the case of an electric device
arranged to provide electric energy, the one or more requests results in the
electric device being connected to the electricity distribution network during the
associated time interval.
25
6. A method according to any preceding claim, in which the one or
more selected electric devices comprises an electric energy generator, and the
one or more requests result in an increase in electric energy generation by the
electric energy generator.

30



using the device identifiers to nonitor, at the control node, electric
energy consunption and/or provision patterns of the electric devices, to
conpi |l e swetnsyizewb i nformation relating to electric en@CcEyEP2012/055355
consunption/ provi sion patterns associated with the electric devices;
10storing the statistical information i & t he devi ce dat abase; and
allocating electric devices to groups o 8the basis of the statistical

i nformation. 20. A nmethod according to either of claim 18 and claim
19, in which 15 the control node is arranged to communicate with a central
node, the central node cdbnipeihed mgcardifgeto gitvapesseding hdaigsein gduddbdke

identifying a Cl Wt f e I [.C A

met hod accor diaﬁg()%!a(t)‘?d(s:(?n% dr% %g tl|Y}qne 1%ﬁ%ﬁp%rggrrélg%eld§g§1ggh[a’é ggg&llps‘%%ﬁ%étr ranged
to store furt haergydestisiinpess,is dediced éntvaried s@iydertially clirdudbmiti §didrtBne t he
further identifiers each identifying a corresponding electric device, the
user dat abase P@H%ri sing said further identifiers. 22. A method according
to claim2l, conprising varying the further 25identifier identifying a

gi ven el ectric device. 23. A nethod according to any preceding
claim wherein sai & pl urAahiethodofcceddags toi any gesdedimg chaim, di whichbhd pdfidarongst a

plurality of prem ses i n said geopgraphical area. 41 . .. 24. A nethod

Bcconding to CMQTHIEN o 4 GHCAIY HecBsah S8 e s axalobilig et t o ¢ he

electricity digftihé Bilch Uedded WRVike, Vind the QISEAI0RWH 1B ohREAGEctric device is
performed on the basis of whether the given electric device is available for

10 control during a given said time interval.

0. A method according to any preceding claim, in which the profile
information comprises energy recovery information relating to an energy
recovery property of at least some of said electric devices, and said selection of

15 a plurality of groups is performed on the basis of the energy recovery

information.

10. A method according to any preceding claim, in which the profile
information comprises ownership information relating to at least some of said
20 electric devices, and said selection of a plurality of groups is performed on the

basis of the ownership information.

11. A method according to any preceding claim, in which the profile
information comprises operating characteristic information relating to at least
25 some of said electric devices, and said selection of a plurality of groups is

performed on the basis of the operating characteristic information.

12. A method according to any preceding claim, in which the profile
information comprises information relating to the device type of at least some of
30 said electric devices, and said selection of a plurality of groups is performed on

the basis of the device type information.



25. A nethod according to either of claim23 and claim?24, 5 conprising
sendi ng one or nore said requests for receipt at electric devices via a

gat eway iWO20EMRF@¥ managenment system associ ated w t h aP@IIEPROIZASIESS

prem ses, said energy nmanagenent system being arranged to contro

el ectrical energy consunption and/or prqgjsion by electric devices at the
gi ven prem ses according to defined rules for controlling devices
associated with the gateway. 10 26. A method according to clai m 25,
conprising determ ning, at the gateway, whether to pass the requests to the
el ectric device on the basis of a determ nation of whether the requests are
conpati ble with said defj r . 1527 t or dj | t-her of
claim 25 and 26 co&%ris#%gﬁgﬁﬁgggﬁﬁﬁéaﬁémﬁﬁgﬁﬁ?@gé%ﬁ@’?ggﬁggﬁgaﬁ??%
execution at anfermiticinelupeésaeindicalined whetka.a given ele@ic déviseishwdingetor di ng
to any of claim25 to claim 27 conprjsing 20updati ng the devi ce dat abase
when one or noP €oBfuNeleFtEg Pasiey qrswwergbﬁ-ﬁaftep ISt deVieaiSRTEEEEhE rul es.

29. A net hod LAGi preceding claim conprising: allocating
el ectric evi3§§8§§éggﬁg%3§2¥a plurality of nodels on the basis 25of said

profile information; evaluating the plurality of nodel s agai nst one
or nore energy nmanagenent criteria;.. determ ning one, 0 re
characteristics of al% pr €} Bisthedl acsRidingd AR dressding Cﬁﬂ“ 4l ‘Hh’é?béﬁ%%"lﬁ&%; and

30perform ng §aftmeEd eI RePEndBEPHRSuRtindiSASEs iRAEI IS Anddift BASISgPf the
consumption and/or provision associated with the electric devices, and the
10 method comprises:
identifying a net amount of electrical energy consumption to be reduced
during said time period; and
allocating electric devices to groups on the basis of the energy amount
indicators.
15
15. A method according to any preceding claim, in which the profile
information comprises location indicators indicating a location of a given
electrical device, and method comprises:
identifying a given area in which electrical energy consumption is to be
20 controlled, the given area being an area of said geographical area supplied by the
electricity distribution network; and
selecting, based on said location indicators, a plurality of said groups of

said electric devices located within said geographical area.

25 16. A method according to claim 15, comprising maintaining said

device database at a control node associated with the given area.

17. A method according to claim 16, comprising sending said one or
more requests from said control node.

30



determ ned characteristics. 42 30.A nmethod according to claim?29, wherein
said determ nation conprises interpolating and/or extrapolating said
gener at edwpl2or2ai2igey of nodel s to determ ne said one or ROT&EP2012/055355

characteristics. 5 31. A nethod according to either of claim29 and
claim 30, in which the energy rranagerrent4ocr| teria include financial data,

the financial data relating to at | east onhe of a tinme dependent el ectrical
energy market val ue, a bal anci ng managenent service and a constrai nt
managenent service. 10 32. A control node for controlling el ectrical
energy consunption Wi t hi/hmgthas) aseerding toyeitbiprsefralain | ombeainbi k, in tyhach

el ectriofty diigt eyt LRt ark SUPRLILNGRHES! (GRS Acdice

geographi cal area, a ri c devi ces ed within
sai d geogr aphilccaaltedaimaldgd\if@rmaﬂ each of the electric 15 devices is
connectable to the electricity distribution network to consune el ectri cal
energy provided theref rom t hereby increasing a net anount of electrical

energy consunption jon Saj ¢, %Q%E&Jaln%% cRAlifids r%lingr')o provide el ectri cal

energy to the el ectr|C|ty |str| n net work, y decreasing a net
anount of electric wsmgrgy donsuieniibersito manrﬂogaoghambnnall nadee alect e
control 20node conpri si S means, the conmmuni cations

a Omn.lnl catl
reans. bei ng. 1 GPOS AT iSg s PRYTSILEBIGE SAine HECErSEtEFS (GEVTERS. - and

for communi catg gl Eﬁoﬁnﬁﬁiﬁtréﬁhn@Qﬂ@lecth@%n&%?%ﬁdunﬂﬁ@ﬁ/p?&ﬁﬁéh Eht'ﬂéin@ devi ce
dat abase arranged to store profile informatioh relating to each of said

el ectric devi cesciaggi wipltheredentisc dgvieasged to receive an indication of a tine
period dU{d ng storing the statistical information in the device database; and
allocating electric devices to groups on the basis of the statistical

information.

20. A method according to either of claim 18 and claim 19, in which
15 the control node is arranged to communicate with a central node, the central
node comprising a user database, the user database identifying a user associated

with each of the electric devices.

21. A method according to claim 20, in which the device database is
20 arranged to store further identifiers, different to said device identifiers, the
further identifiers each identifying a corresponding electric device, the user

database comprising said further identifiers.

22. A method according to claim 21, comprising varying the further

25 identifier identifying a given electric device.

23. A method according to any preceding claim, wherein said
plurality of electric devices are distributed amongst a plurality of premises in
said geographical area.
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whi ch el ectrical energy consunption in electricity distribution network is
to be controlled; and processi ng neans arranged to: sel ect,
based on weai2dizonedes| e i nformation, a plurality of group®CPEPIQ2A@FBSRI ectric
devi ces, each said group conprising a plurality of said electric devices;
43 associ ate one or nore ti intervals wwth each of the

sel ected groups, the one or nore tine intervals associated with a given

sel ected group being different to the one or nore tinme intervals associ ated
with the other selected groups, each said tinme interval being a tine

interval of said tidte pekmsthamdheeomdiainickimis; inewbichtheedchspidrmgomises
consurption ofi. 803530 b bRk ol RaBAEARNEPL bl AR feeder
send one or noreé reques onmuni cati ons ecelpt at the
el ectric devices of the sel ected groups, to control electrical energy
consunpti on and/oré%rovision bg the electric devjces, thereby redu0|ng a
net 10consunption ele%t¥$%@ aqserdine itp sithey @%6@¥@pﬁ§c§? Slam 6ur|ng a
respect i ves asgpfi ﬁgﬁg skhdlB b G Ble-said requestsTir reeiBV B Lde RANED | T N

el ectri cal energ cofisunptton w thin an 1ectricit |str| ution network,

t he el ectri ci tgatedvaytin ialntigyrmareiwoek &ystpml asborgated ithlaegiven sad pemesggy to a

geographical area, a plurality of electric devices being distributed within
sai d geogr aphisdi| engr n““ﬁ%?%%ﬁ WECH 8FNE fEraEp F?F@nﬁ&v?éggcﬂ Cerhect abl e

to the el ectrighivmpglicat hhdef | RBviSRLWBY KelbQri€ OASHER &l aRd rg&@}l pPrER1s8Y

provi ded therefrom thereby increasing a net anmount of electrical energy
consunpt i on i rcs@ilgde dghizgdrulealforagontrolliagdevices asspriased vethehegatewayal ener gy
to the

10
26. A method according to claim 25, comprising determining, at the
gateway, whether to pass the requests to the electric device on the basis of a
determination of whether the requests are compatible with said defined rules.
15 27. A method according to either of claim 25 and 26 comprising

buffering one or more said requests for execution at one or more predetermined

times.

28. A method according to any of claim 25 to claim 27 comprising
20 updating the device database when one or more of the requests is not compatible

with said defined rules.

29. A method according to any preceding claim, comprising:
allocating electric devices to generate a plurality of models on the basis
25 of said profile information;
evaluating the plurality of models against one or more energy
management criteria;
determining one or more characteristics of a preferred model on the basis
of said evaluation; and
30 performing said selection of groups at least partly on the basis of the

determined characteristics.



20el ectricity distribution network, thereby decreasing a net anount of

el ectric energy consunption in said geographical area, the system

conpri si g0 2012/12706a plurality of control nodes accordi ngCT®EPe412i085332, each
of which is associated with a different area of the geographical area; and
a said central node. 25 34. A system according to claim33, wherein
the electric devices whose profile inforifation is stored in the device

dat abase are associated with different user accounts, and the central node
conprises a user interface for a said user to access a said account and to
alter information stored in the device 30dat abase.

30. A method according to claim 29, wherein said determination
comprises interpolating and/or extrapolating said generated plurality of models

to determine said one or more characteristics.

5
31 A method according to either of claim 29 and claim 30, in which
the energy management criteria include financial data, the financial data relating
to at least one of a time dependent electrical energy market value, a balancing
management service and a constraint management service.
10

32. A control node for controlling electrical energy consumption
within an electricity distribution network, the electricity distribution network
supplying electrical energy to a geographical area, a plurality of electric devices
being distributed within said geographical area, wherein each of the electric

15 devices is connectable to the electricity distribution network to consume
electrical energy provided therefrom, thereby increasing a net amount of
electrical energy consumption in said geographical area, and/or to provide
electrical energy to the electricity distribution network, thereby decreasing a net
amount of electric energy consumption in said geographical area, the control

20 node comprising:

a communications means, the communications means being for sending
requests for receipt at the electric devices, and for communicating with a central
node, the central node comprising a device database arranged to store profile
information relating to each of said electric devices;

25 input means arranged to receive an indication of a time period during
which electrical energy consumption in electricity distribution network is to be
controlled; and

processing means arranged to:

select, based on said profile information, a plurality of groups of
30 said electric devices, each said group comprising a plurality of said electric

devices;
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associate one or more time intervals with each of the selected
groups, the one or more time intervals associated with a given selected group
being different to the one or more time intervals associated with the other
selected groups, each said time interval being a time interval of said time period
during which net electrical energy consumption of an associated group is to be
controlled; and

send one or more requests, via the communications means, for
receipt at the electric devices of the selected groups, to control electrical energy
consumption and/or provision by the electric devices, thereby reducing a net
consumption of electrical energy in said geographical area, during a respective

associated time interval.

33. A system for controlling electrical energy consumption within an
electricity distribution network, the electricity distribution network supplying
electrical energy to a geographical area, a plurality of electric devices being
distributed within said geographical area, wherein each of the electric devices is
connectable to the electricity distribution network to consume electrical energy
provided therefrom, thereby increasing a net amount of electrical energy
consumption in said geographical area, and/or to provide electrical energy to the
electricity distribution network, thereby decreasing a net amount of electric
energy consumption in said geographical area, the system comprising:

a plurality of control nodes according to claim 32, each of which is
associated with a different area of the geographical area; and

a said central node.

34. A system according to claim 33, wherein the electric devices
whose profile information is stored in the device database are associated with
different user accounts, and the central node comprises a user interface for a said
user to access a said account and to alter information stored in the device

database.



