Eneny Consunption Managenent Field of the Invention The present
invention relates to managenent of energy consunption in an electricity
distribution network in particular, but not exclusively, it relates to
managenent of ener consunption and provision by group f electric

devi ces conWQ@?'éﬂzﬂg;the net wor k. Background of the Invg‘ﬁﬁ%ﬁu%”{% Suppl y
of electricity from power generators such as power stations, to consuners,
such as donestic househol ds and busi nessels, typically takes place via an
electricity distribution network. Figure 1 shows an exenplary distribution
network conprising a transm ssion grid 100 and a distribution grid 102. The
transm ssion grid is connect edei@oenguabiifigvphabinent104, whi ch may be

nucl ear plants or gas-fired plants, fin exanple.; fromwhich it transmts

| arge quantities of electrical energy at very high voltages (in the UK, for
exanmple, this isidiypi®atl¥n@f, the order of 2040,7; however this varies by
country), using power Iines such as overhead power |lines, to the

di stribution grid 10Zhe afesdioirghntiqRoelagsnie insapessnt oingngregrf@ndingten but i on
grid 102 is sho e ln i We t 1, SIS LD gf 4 plies
power to nulfip%@eGEé?$¥%§?Pgﬁ&g¢%§%? #ﬁ%kﬁggﬁgﬁﬁgggﬁﬁﬁg??ﬁggggﬁﬁggIinked
to the distri butmaomegrendofld2rgyicansamptiamsfdprmesionbdgrob@sof eiritichddvifes udes a
transfornmer 06 which nyerts the electric supply to a |lower voltage (in
the UK, for exaﬁﬁ15?m§ﬁ1%eP§“P§bicalIy of the order of 500/: however, this
varies by country) for distribution in the distribution grid 102. The

di stribution grin int rn | inks,. via substations 108 conprising thither
transforners mﬁ%@ﬁ%@iﬁ—ﬁ%@g@ll | oner vol tages, to | ocal networks such

as a city negwork 112ugsinppt yictrgicieho et pived $eiiesatdbdyciandpdoeri sediosd, o al
consuners such as a factory 1 0. Snpller power generators sucgh as w nd
farms 116 may al’8BUBESc SRSt s (P’r’ée}mkg“tq\?ﬁtﬂh’g'i“?ﬁﬁebHpécaﬂ')ifﬁ(eéﬁgmﬁr ovi de
power thereto. vyiz an JR&rLif alistROWRH GQWSHIP! FROreaSSakdval @ Wiehiplay gi ven
network varies considerably fromtime to tinme; for exanple, peak .
consunpt i on per iABHEUHEY 1CBREUFOTRIBINGG FHEMHEPE 8¢ IPAANOR IHEUEOUER! t hei r

ai r condi ti oni ngodNirhStamnfiSBnikid iScoRRRENSH LendrRing bnk B4 ELLILK hg) by in

| arge quantities. it Is usuallg generated en it is required winch can

pl ace a burben onclpovidntyenersaliiof 9lass, fhrescaaptee fipm whishheletnsgelratiae at peak
tiines. Further i : - Gr eater Ry thon, plelgetricity
is being :genergpégﬁf§8$%(%§%£?Féﬁ?ﬁ?gﬁgﬁgﬁﬁgﬁgﬁéﬁégpgg?ﬁ%?xs cﬁtas sol ar
or wi nd power, whiysealgbdithyotder gfeXiék ¥t imveowahisivarickepervdeint), wmg power
eriviiionmenm conditjions that ale qifficult..t re. diet re_beyond
the control of tHE& & F&PB?‘8%‘Wﬁg“g%&%#°é@ﬁ%ﬁﬁ@%&mﬁﬂgfgﬁ*%gﬁgﬁﬁeﬁrbe
consi der abl e varb@&tideatssi shlgenadidribotioregréCt 02 6 ahoeméergyinetoveen tyiidal er ent

geographical areas.: it may be difficadt to s ly.the leg t3 | ed, amount of
el ectric enetgy "BBHFeYs %Xj hHgh “de RN, t‘kn‘(‘j'b\ﬁggs'dlsé%%'tugn, g?%sul &Pﬁg in
potential power (GHiSisdidh EM€360 & BdGed taNB¢ akstrdntidbmefid i102 &t a diadfointeut i on of

net wor k resources. Accordingly, there is_%p nerea?ecl demand for nore
efficient ways &PIsfaginiy Brledegy EBRStmet iO8vhie erruets ihg icteg i StRSY ks.
Approaches to this BHEblaMbAM MY HCloH ek OMisdis NghitksIer & thk tRdeproifci ng and
other information, wth the user being required to nonitor an energy tariff
on e.g. a smart SHEYehowever, this vigigg yrogpirpeos fighdrdor oks dirtrdget piigi ty

suppl | er Hoyweﬁoz.}]'%é dﬁlrﬁ)ﬁﬁi«h%rgd‘ﬁf HaT RhlsevibUnleRioRN dsh@nisi8hgREPr M ng

the nonitoring. O her approa )
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



aqi ) have included nethods or renptely nonitoring electricity consunption
devices in the network at a. central |ocation, and sendi ng conmands to

di sabl e the devices during tinmes of high demandHowever, this approach can
cause conS|derabIe i nconveni ence to users, who nmay be unabl euse t heir

devi ces fofV&XeHdEd pefiods of tinme. It is an dbj"éCt" o5 FRe present
invention to at :east mtigate sone of the problens of the prior art.
Sunmar vof the invent ion In acedidance with a firs: aspect of the

present irlvenlion, there is provided a nethod of COE3tl10113ng el ectrical
energy consunption within an electricity distribution network, the

el ectricity ciobcst BREHEOHO hAREWIHKoISHPPIYIUNGe seheet, Mt@almaapeéwmm a
geographical area, .a plurality of electric devi ces being distrjbuted within
sai d geogr aphi 8%1their @5%%@9@%%&1% it PSHEPRIE {4 ?tefe&é*\ﬂfhcék i} ¥r¥€onnect abl e

to the electri glhz{nyltléil gtif LU BmeRelWord it B [ERNSYNEniel estidcal vuener gy
provi ded therefrom, thereby increasing a net anount of electrical energy

consunpti on i nO%apvegeeiedptit cal ther edgttenphdicormeeb dsFeud dé BaEctiriceal ener gy

to the el ectrigidy gt ﬁQHthQeﬂ@t%D1%Mmiﬁﬁ%89¥ndﬁcéﬁéﬁhﬂgnélﬁﬁk-a”UU”t of
el ector energy consunption in said geographi cal area, the nethod

conpri si ng: generatayni inteainPRgemvdelicoasd rabaseh wﬁm ios vl et | e
information r e[»ﬂé\i? hlfty to n@ra@ N, * Ke QIYdeﬁte& i SRh a1 $ERAGERNL Gl area

10period during nption o
are difficult to predlCT and are hevond ’rhe (‘nntml of the operator of the power

generator. There may also be considerable variation in demand for electrical
10 energy between different geographical areas; it may be difficult to supply the
required amount of electric energy to areas of high demand, known as “hot
spots”, resulting in potential power cuts in these areas, and/or an inefficient
distribution of network resources.
Accordingly, there is an increased demand for more efficient ways of
15 managing energy consumption in electricity networks. Approaches to this
problem having included providing users with 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



supplied by the electricity distribution network is to be controll ed;

sel ecting, based on said profile information, a plurality of groups of said
el ectric devices |located within said geographical area, each said group
conprising a plurality of said electric devices; 1l5associ ating one or nore
time intervEP2OR1EWS%ach or the sel ected groups, the onECBFPWg?‘E“P?rrE
intervals associated with a given selected group being different to the one
or nore time intervals associated with the other selected groups, each said
time interval being a tine interval of said time period during which net

el ectrical energy consunption of an associated group is to be 20controll ed;

sendi ng one or RRERICKHCAMESE S, a LRgrdhk8l Bleadd phbgitelecletire denteesn®f the
sel ected groups, to control electrlcal ener gy consunption and/or provision

by the el ectri c ditihueadsvithither &psperaphivel #iep. aNBtn wehsUpEicoRc Sevietsdtt ri cal
energy in said Qsagle&m@'t&ﬁe@é n%%umloﬂ newlemomméaeah@g;%qerum

i nterval . I n sone enbodi ne for at | east one of the sel écted
groups, the onepuwmhdrémwéqmeshqdmeyuﬁwsmgnaawte@uvmﬁOﬁfﬁﬁﬂéhb@ﬂmﬁtal

energy consupt I08n u%l%fciglgn%ta%d e%l%@h§eﬁl %Iaae}nd o??t?éroQ g elg%tplgaﬁ energy to th to the in some

enbodi nents,” for a east ected groups the one ©
requests r esul t slectican disndneias encofork] eeteby aabreeser gyneprowisi mfnela@som at ed

with said at Ie%gt one arqﬁ%w ia%_cgn ro Qg %ggraxﬁj pticin in Mff es at
di fferent times "ESEEHPPBP HOBEM MPTI #P "2 ai &Y Mg Ay ¢ comprising.
maintaining a device database comprising profile information relating to
said electric devices in said geographical area;

10 identifying 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
comprising a plurality of said electric devices;

15 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
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.



ups of electric network can reduce net energy consunption in the given
lime period By splitting the tine period into different line intervals and
controlling different groups in each tinme interval: a net reduction in

ener gy consugﬁtlon can be achieved w thout causing si |f|cant .

i ncorrytt REAEE2EG%%ny i ndividual user of an electric FEAIYPS$Y users of
arty group of devices Further, by controlling dlfferent groups in each tine
interval: energy consunption can be shaped such that there is |ess
variation in overall electrical energy consuned in the distribution network
at dirrerein tinme periods The groups, and control thereof, can be
coordinated to contgEl.oeR@NigY a8B$UMkIRRioRaknt arfftfent Ooradibsebit teteefic Whi ch
woul d not be possible by controtinu individual devices in an

fi n- coor di nat ede\gy at different ttinjess g paniestbisd EHES 2 dHEDHhBAVRENIPI ses
reducing an ampiite of ofeh&f cdnsbih iR o CANGHEREiodDYB! UfiElaRL fine devi ce,

in the case of an electric device t arranged to consune electric energy,

and i ncr easi ngparrdawouiifer@n tislegoitrils aathernypllpecvifded dyyups eeagh dexer i ¢

devi ce, ingthe; 0 o) r Sgctric:

ener gy, durlng ? éﬁaséggggﬁkﬁqﬁ%%g}fﬁMbﬁ@ﬁﬁLC%pggﬂ?kgggﬁgmgﬁggglﬁents t he
net hod conprlssgmﬂcamomnmwnmmgtehecmﬂwmhdbwmestamﬂQMQE@wubcmon@nne el ectric
energy and conpectin tric ric energy
during the assoﬁlnét%%u f?ré&‘lrcﬁ egu lie?eoy Con{raﬁgggg#gergﬁg i eatCE% *he one or
nore sel ected eﬁﬁﬁﬂrmmgﬁethE$ﬁcmmmrbsé&nahaebemtnmﬁp&dewgmﬂ@mnemator, and

the one or nore r ests, result in ease nlelec ner generation
by the electr|8‘%ﬂga§§“ éﬁ%?%tS?mmn“pmtpedmﬁ%u“mbW%%gl ﬁ#‘”m¥% “associ at ed

one or nori@ ti pRiddat hyalospaeel amt@ngettosuehbd thfbﬁdmitbketogj’oﬁtjpl aMagse net
energy consunption is reduced is varied se nt| houg said tine

peri od | FOSERE WHBEEI N 'S SYIHY WP PR NH&E?P 5t "§i ven said

electric deVIC&dﬁ@h@t&ﬁukpm&ﬁuﬂ%@mH@Qkhwhy for CC|ntroI of t he glven
el ectric device, and the aIIocatlon of the ghaan electric device |s

pert-brined on the Ba¥is #rbagHetKerit H@th@fi\f@ﬁlpepeéc&ewcencdé@/.a@@uliﬂso avai | abl e

ter control dufifgc dn@iV&RsfmdthytthdBlediAt 8EN& in the case of al HleGQBevIEDOI MENt S,
the profile information conprises energy recovery information relating to

an ener gy Peco¥étigegrippertypn cofieeiticlcaaist . suhecorsisgiod aslwet Pl elegléVi ces, and
sai d sel ection.of, BprBlIHé thé/el%&n%&lf&s ir] tﬁe PREf pal{@gcth@déxhc% al?tgﬁ%e?l of the

energy recovery i I 'or mat | I'n some énbodi nents, the proli nform ati
on corn pri se® wonés geritpe 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 sone of said electric devices, and said
sel ection of a plurality of groups is perfornmed on the basis of the
owner ship infbrmtion. In some enbodi nents, the profile information

conprises Qperating characteristic information relatin | east sone of
said el ectr ‘32(86/\}?73@3, and said sel ection of a plurali ?'i/é"g'i;ﬁglrzg'ﬁ%éi s

performed on the bask of the operating characteristic information.

In some enbodi ments, the profile inibrmatsion conprises information rebating
to the device type of at |east sone of said electric devices, and said
selection of a plurality of groups is performed on the basis of the device

type 15information. in some éMb&@AENtENBRAIpRENE Sinforeidr @binbasds néasgyat i on
i ncl udes an indication of whether a given electric device js arranged to
consume el ectri EECRYEY YOS ELHBE 1@ A Ci YRCUPRRTPREY R ¢ %@Stisgm%i’ anged to

provide el ectri ¢,;@BREBY delibesSHIE2RIRRAISEN Spiutah€ dITeedupk & jenbthémsd on
conprises energy aunount 20i ndicators indicating an anount of energy

consunpt i on andfhebaps eiihe FesneyassvEiyA8 WM. t he el ectric devices, and the

met hod conprd ses: | demtdi N = ion to
be reduced cfuri ng sallndsotn}érre pedrullh%gt;g’ %ﬁg%mgm%a%n g?ﬁ%‘?%??’ﬁ@‘%g@{:t rie

devi ces to groupgorontivheslagits aokat hemenesay clastoadevias, imdiaghicedon
2, o, TSP By 1 LB PRGEOPR S ASAELaR A et or
identifying a given hreané rembbilicienal et prddt iefoengionc omsuirpt icparaiisg t o be
ggggln;[ ;8' lbidt h etclt]a?ac%ri\ételg in cI;rlen%ti(t))r? Lt in‘?;% Al Feg'stosr:)mg %Ifgaig%f?egt?i%‘%g{/i%%l, o €2
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



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_ hi some enbodi nents, the
met hod co i i ntai ning said device database at a control_ node
associ at egpéviz‘flgﬁ%ﬂ% gi ven area. in sone enbodi ngﬁ?Eg?Olf/ﬂ%’:’?'ﬁet hod
conpri ses sending one or nore requests fromsaid control node. in

sei ne enbodi nents, the device database ¢onprises device identifiers
identifying electric devices located in said given area in some

enbodi nents, the nethod conprises using the device identifiers to nonitor,
in the ct.)ni 101 itgelechny@asecelogGhitilccaffeingita®aNs Yapilitd Bf @nbfenpPsovi si on
patterns of thefl ectric. 0 caonpile statistical infOmation

devi ces, .
relating to el ?*?f“%ﬂ%”?‘ﬁ?@?%éﬁ’ i sySFO RN GhABAL t er ns associ ated with

the el ectric devi ces; sopfeOdhihidNgentd) €heS dthb tcb@pdisek M OfitABInORidt @evidre central
node to be recorded itt the device database, and allocating; electric

devi ces to grofiPsPanatarfentrldpde ol witlyihp ebPedetS i nt orr0a000 . By

providing statisticglsdotf hPBdineRts PAEKntRod Q@mgﬁ@ésr@ndﬂlgdong Jrakogach

identifiable electric device, a ti accurate and tip-to-date statistical

model of the benassdtm efid egritrobtagiet ri ¢ devi ces operating within the
el ectrical distribuf s%&e%%b\ﬁ@i%n#&?@g%vi@ﬂﬁ&lﬁké‘Qéin[f)rgs@%ﬁev'i&%&‘{i'ﬁ@& the

reliability, and effectiveness o ci 3101n; nude e control nodes
20Jr.. sone enblodiiregtecirichievsontacakd nosked gisemprcandedomo evbrdimniteat e wi t h
centital node, - [o i si.ng a dse abase, the user

dat abase i dent P\%’C‘lﬁ %tgg%Eus r;s@ééggg%?ﬁgé%ﬁ% t%ﬁlﬂg%i%{oo?‘%{"ﬂ%’ gtl tehgtc:algtclz(lﬁdevi ces.
The devi celldat ab&s elentic berar cangedtidroast/or gofurdnhertteidertthd electsic di f f er ent

to said devi Ce"i\gﬂ%nt itgi %ggpilat hs?atEHcrali h%‘%‘orir‘% 1nr¥ ! Iﬂi’iﬁr 3 oacen ir(‘.ic:(:mtnim]f ing a
correspondi ng er'ectri¢ t7er devi ¢er™ t he'U8eY" dat’dbase compri si'fig sai d

further identi témusptichiyesesibe alttaresasaddiam dak aher €batié dgvited; pmdiditgdual

devi ces to be shared between the user database and th evi ce, dat abase, so
that e.g. chané’@sstﬁ'hsaléalalfl RSN8P t}tFa‘Eeé?Hﬁgﬁo%atﬁ éeF%rgngr{@]G {e¥'%he devi ce
dat abase, wi t heathbaanyinfet@ssid Medtor dPedes engloushadrache 8had bnge tiatidlg user to

be stored 1|SOca|111|t'¥rmaét[ioral'. %(y)'r;])trcgvgl)clling (s)t(ejltelétical information back to the central 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



In sonme enbodi ments, the method conprises vary* the further identifiers. is
may be done e.g. on a daily basis and provides an increased degree of
anonynmty for the users. In some enbodi nents, the plurality of

el ectric devices are distributed anongst a plurality of prem ses in said
geogr aphi caV0a11842706ach of the plurality of prem ses nBy"RE'EdhMetted to
the electricity distribution network via a distribution feeder. I n
sonme enbodi nents, the method conprises sending one or nore said requests
for receipt at electric devices via a gateway in an energy nanagenent 10
system associated with a given said prem ses, said energy managenent system

being arranged o Cofy ohe LREMMER, GBCREMoGORRITRL! OByRRdARI iRTRYI STon by
el ectric devices at the given prem ses according to defined rules for

control | i ng devidsesfieissdbis at way W ddnetee ogatdeilipasis and proviflgs agdpgacased
enbodi nent s, th%gé’f?é@toqor?ﬂmii&ﬁl%u«% er nine at the gateway, whether to
t o th C i

pass the reques e electric device on the basis of a determ nation of
whet her the request slrasencenpatiinbite e tphirdlie od efacmieddervigkegre distributed | n soni ¢

enbodi nent s, the_net hod. c rrses.hufferjing on r__[or } ts for
execution at’ on§m8PgsﬁﬁPglr§ﬂ28£?r§WFﬁe%g§ afdl %fcggr.apﬁcg ei=s Egc}??ntq%gﬁrrlgawf

enbodi ment s, thef pedniied eeynhei Sasedyadat iegelthecigevisceu2th datvabase mhen one
or nore of the requests_.is not conpatible with said defined rules. In sone
enbodi ments, thd!s H%Ife@i rises. allocating electric devices to

generate a pluralitynpformdedcslimtd hie hasbs c@hprsai eknpln@fdnk @r ini@kaiat i on,
eval uati _ng t he pl)é ur z%l it ¥ oef rgodelts, 3ggi nsvt one or qor e epqrrg%‘arranal enent
criteria: et M FcHY A0 RECIDT IRBTE VENABHEY BT NSt WE R Br 1 ed
nmodel on thg bagigeRhsdah@deMal Hatédid prhises, said energy nlz{h@%én%nmyhgans aid
sel ection of groups at least partly on the basis of the $0determ ned
char act eri sti csbeing 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.



8 In so

anchor extrapol ating said generated plurality of nodels to determ ne said

one or nore ch

bal anci ng nmanagenent service and a constrai nt nmanagenent service..

accordance wt
a control node
10el ectricity

bei ng distribu

anmount of el ec

t hereby decrea
geogr aphi cal a

me enbodi nents, the determ nation conprises interpo

ating

aracteristics, itt some enthodurterus” the energy
managenment criteria include financial data, the financial data relating to
at | east JHe2U'H'%i me dependent el ectrical energy nmarfk&tEPZQZPHES a

In

h a second aspect of the present invention. there is provided
for controlling electrical energy consunption whhin an

di stribution network, the electricity distribution network
supplyi ng el ectri cal, 8RelaboditetisI8OAERRNLARL BMBAsds idie@blaBhELSIMdC devices
ted within said cveog.raphieal area, wherein each. of the
el ectric devi cegrapglagnieteapiaediirelies of redelsite detgmyns taid pig 9lomCiset wor k
consune el ectrigcal.ehergy tacndded. therefrom thereby increasing a net
trical energy consunption in said .geographieal area, and/or
to provide el ectri clalsospemgydimentsee etesgst mpgistperdicsterip hrpfuderinaetisior k,
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| unode,

e conprising a levi CC database arranged to store profile

i relaticngdimee eadha gbcovdiadpeel etthei redevirgesion, there is
provided 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 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 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;

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

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
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



i nput noans arranged to receive an inc c:at.ion of a time peod ditri rig
whi ch, electrical energy consunption in the electricity distribution etwork
is to be controlled; and iiprocessing neans arranged to sel ect, based on
said profile if .io don, a plur O, said electric devices, each _said group
conpr dii B0 2M2BIMERI ity of sit associate one or rore i HEPPHISVA s
withol the selected groups, the one or nore tine intersiats associated with
a ,giyen selected group being different too the one or nore time intervals
associated with the other selected groups, each said tine interval being a
time interval of said tine period during which net electrical energy

consunption of al.RAsSQ6IAL 8h ILiQUmeliStetal RELOME Atdres]of 8@ time period
send one or nore requests, via the comruni cations neans, for recejpt at the

el ectric devi cesunig vhish sel| ddestreqd! GresBipLONSYBPIHH 28 [2SWFBEE (g ¢ Is Ehis gy
consunpti on andégpﬂmg@%%§ion by the electric devices, thereby reducing a
net consunption of electrical energy in said geographical area, during a
respective associ ated ti nend ehepyalore requests, [vin de comdunisetiviistihcags.tfaf r d

aspect. of the present.inve.ti I i : | ling
el ectrical éﬂergvggg%tgf?ﬁ&g%d%ﬁ“%??ﬂ%ﬁegﬁgégﬁ%ﬁgg%?¥§¥E?§¥b§ﬁ8%%%%
network, the el ectsninpiitry agti/st probisibh dry thetelwonk dupps. ythergbyeteduting ealet ener gy

A A L

connect abl e to thecieleeateingbtvyl. di stribution network to consune -el ectri cal

energy In accordance with a third aspect of the present invention, there is

10 provided a system 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

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.



15 provided therefrom thereby increasing a net amount of electrical energy
consunption in said geographical area, and/or to provide electrical energy
to the electricity distribution network, thereby decreasing a net anmount of
el ectric ener g consunption in said geographical area, the system

conprisi ng”?&"pIUPHl ity of control nodes, each or mhi@ﬁTﬁgﬂﬁégBﬁﬁated with
a different 20area of the geographical area; and a said central node.

I n sone enbodi nents, the electric devices whose profile information is
stored in the device database are associated with different user accounts,
and the central node conprises 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 anend desired operating characteristics of the
electric devices they own in real tine, so as to prevent the system
restricting usgefpdeviikesriReapyesi ently. Furt her features and
advant ages of the invention wll becone apparent fromthe follow ng
description of prefldgyed seowodpirentiglesfict haisiihvient jeororkgi ven 30by way of
exampl e onlsy, whi chyijp, TaAG Y LAk LGRABEE 2 Lond Mo RCE PRRATYIMG, Faw ngs.
Brief Description of 'the Figure 1 s oﬁ% a prior art electricity

di stributi on needgepid a plurality ot electric devices, for implementing an embodiment of the

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 1s 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;



.SFigure 2 shows a systemconprising, a central node, a plurality of
control nodes and a plurality of electric devices, for inplenenting an
enbodi ment of the present invention. Figure 3 shows an exenpl ary

el ectric device and an electric device control unit in accordance with an
embodi ment WP 2RE2Ppesent invention, 10Fi gure 4 shows aRCEXBMABP S central
node in accordance with an enbodi nent of the present invention:

Figure 5 shows an exenpl ary user databaseiin accordance with an enbodi nent
of the present invention, Figure 6 shows a control node in
accordance wi th an enbodi nent of the 15present invention, Figure 7
SilGiiiCS an exenpl ag;g,AeMm $6wdah I@Eg@gué aqe?ggc&fn@kﬁm@m\gga&anm neniadi ment  of
| he present rnventioti; ) Figure Sis a. flow diagramor a process
for control | i ng cenes gy clegrie dppedsdingrroatreli et ifergt # 6Punet agsiokdapss WEkor dance
with an embodi mgpt, of 4ikRE: &Q@rﬁgsgminj,&ylﬁﬁlti on, Figure 9 shows net
energy consunption patterns of groups of ‘el ectric devices under the control
of a control node i nFaoootZtasoevsweitehgyaronewbpidinmnpaiterns| efhgoprsesieplectric

i nvention:, Figure [0 njl . qQr i an. exanpl e or ener
consunpti on 5oei ﬁjﬁvﬁsﬁgi lﬁﬁe{m i ?mtg)?g%?nggﬂ%%Bgﬁ%ﬁ%é%ﬁéoﬁbog})nent of thgypr esent
i nvention; 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



Figure | i a shovits energy consunption of an exenplary group of electric
devi ces under the control of a control node in accordance with an

enbodi ment of the present invention Figure | b is a graph show ng
energy consunption patterns of nultiple 30groups being controlled in

accor dance&' W tW HA%enbodi ment of the present inventio%FTmP”””m”&Pigure 12a
shows an aggregate energy consunption pattern of nultiple groups of

el ectric devices being controlled to Foroma group in accordance with an
enbodi nent of the present invention; Figure 'I 2b shows energy
consunption patterns of groups of electric devices for use in an enbodi nent

of the present (HEN%@NE\QN pically have Fe@dfRitl & SHEWSa@P 2@DEKQY cleeCioNery profile
of an electric device for use in enbodi ments of the Fresent i nventi on;
Fi gure 14a shot &%yt €wnededntl €15 tleraricontsaprknote sy e¥f 408874t h an

ener gy nmanagengi,isy§tem bR 1aCCRLAANCE oMb hlkran: @rhadionentik ot hgnpr esent
10i nventi on; Fi gure 14h shows ani nterface nmanager n accordance with

an embodi nent efmanHewph esencity HoEdtil 815, bapet aif edPIDé seipi prd vk o thse
invention JFigyre 2 JLlystl.ateselectricity distribution network in which
The term “electric device” is used herein to include individual appliances
or devices, as well as collections of such appliances and devices, such as a
particular business premises or house. Each electric device 208a to 208! is
registered to a control scheme, in which the owner of the device gives
10 permission to the control scheme operator to control energy transfer to/from the
electric device 208a to 208l
Although, for the sake of simplicity, only twelve electric devices 208a to
2081 are shown in Figure 2, it will be understood that, in practice, 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



enbodi mrent of the present invention may be inplenented. The network
conprises a central node 200 connected to one or nore control nodes 202

t hat each cover a. geographical area, for exanple a country, region, state,
post al - code; 20or electricity market region, or any other area conprising
mul tiple us¥P 2prdmoses mul tiple residences or wor kPtHERS)YSEaeh of the
control nodes 202 are connected by power |ines 206, via substations and/or
distribution feeders, to eneny consunpti on/ provision devices 208a to 2081,
hereinafter referred to as electric devices 208. Each of the electric

devi ces 208a to 2081 consunes and/or provides electric energy. Exanples of

el ectric deviceg,208 LANIHALNY R BEldohin SNEHSY NeVEe: d@éresiltl{éu%mhé ances
such as electric water heaters. air-conditioning units and was

machi nes, as weklectais deridustniiobiniig@hyjie bee skayehasa %}Pﬁr&te@?ﬁ?%/torfb?:ﬁ%'éﬁ" y
exam €8 or P oMbASL SR iLERE ERBofREROVE NRLHLeIORELAAr gl 161eC1 M ©

energy such sol ar panel s w nd- t | nes electricity storage
30devi ces such asegnialttbdrelekﬁncstemlcbsmiﬂher el ectric devices 208 nay consune

el ectric energy at sgne tinmes hut pro e 9 G r sonal
el ectric vehicles ﬁ?%‘}laryﬁ@\}?o{ler% Oyf‘lcgmﬁa\}]é) ﬁé@gfﬁg’ el yyntfggusr?%r e a
| arge anount of Tak eatnrai gbdey200anthprisy ah:dbckdnmea:pledessmg tﬂemsehelmﬁormpfy

network when they are stationar al | themto he Ui ource of
power for the nétAiSERLE &{ iPrse dfadpe Aﬁw’dae%ﬁwaun'%ﬂ“toﬁs @Faenétl? gl& vt Oé% ored in
the battery of Eblﬂmaﬂ&atldh@l 1ﬁ@rfﬁ@d4dIIB,.CzK1dt &n ﬁrhﬁt nahywot khatorguoh at ues.

he term-electric device" is used herein to include individual appliances:

or devices, as WBffacaé€l¢ollections of such appliances and devices, such as

a particul afp beat Et €8S, RF BAHHES4 @ stdibs Eerddcbénts Fachnelestrinerdeyice 208a
to 2081. is registered to a control schene, in which the owner. of the

devi ce gives 10\pEeRPLEY BROG e CoRted1ses GvdiREe Brer abor 1ot iggher ol
energy transfer '[thQ gérq{ﬁaﬁogﬁ Bleeatiths OAgvt %ng@%(boa 2084 504, an address

506, a password 508, and a device field 510 comprising a list of electric devices
208 owned by each user. For each electric device 208 recorded in the user
15 database 406, there is stored an associated device identifier 512 for identifying
the electric device 208, a further identifier 514, herein referred to as a “pseudo-
identifier”, which also identifies the electric device 208, a location identifier 516
identifying a location associated with the electric device 208, device operating
characteristics, such as user defined availability 518 and device energy recovery
20 properties 520, and a statistical profile 522. The device operating characteristics
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



Al t hough, for the sake of sinplicity, only twelve electric devices 208a to
208] are shown in Figure 2, it wll he understood that, in practice, the
:network will typically conprise many hundreds or thousands of such devices
Each registered electric device 208a to 2081 has an associ ated el ectric
devi ce coM?A'HHPE 21 Pa to 2101 which controls trandC&EPE|IZ/8553%r ovi si on
and/ or consunption) of energy to/fromthe electric device 208a to 2081,
Fits,ure shows an exenpl ary arrangenenti4of an electric device 208 and an

el ectric device control unit 2 1 O The electric device control unit 210
incudes a control 20 elenent 304 for reducing/increasing the energy
consunpt i on( pr g\insl @B REold& LI GldriiGedRY Ue@ a0 kit Lamntfen Gbeatricity

di stribution network 102, as Well as measuring device in the formof a
smart meter 302 trheseedrithag) 4081 %ewetitcd 30W thag/edonprise a switch for

connect i ng/ di sCoNNGaLpe ien FRALIG ARKEERRODL LA IhEialeegt ri cky
distribution network | 02 and/or any electrical or 25 electronic neans

al | owi ng funct Fenaintrsetodp@Phrempiseanclefleet? b oraevingen08int the &rtneaf t he

el ectrical «con i rovi si e i G..devi 0) r exanple, a
t her nost at 5or %H@%ﬁs%ﬁéﬁvﬁeﬁ&t’a@% tgpﬁal éoﬁﬁﬁ[ﬂé%ng'gsndé%ﬁs %ptr eeggsrﬁlr%fesensor
and infra-red semsonnietton} intdhee éD&ctd iag idev ncensciorthe Glrmustiat ne2vork0 i s
arranged to reg it\égeélrbstructi ons from and send neter neasurenents to, the
control node 2. via a $0comruni cations interface $06. The el ectric device
control unit 2:0 conprdesies daaproc@ssorai803carsnasfgedudodadanta alo thiie

Il nictions of the smart met er 3(2{{23., t he C%E‘[SLOI el ement ‘304i’ ﬁpd t he
communi cat i ons™hPeF PREETSEE AN KBUEH MO he el @Gt FIEHEVHYE Wortol unit
210 i s her® shewn thasestatsepal Bite caevieC ntoudibgi®lseetriacesdesi ces 208:: in
sone enbodi nents, the el ectLr_iﬂ(_:_dgv_iLEe control uni ts.ﬁgiLO"are int egr al to the
el ectric devi cEEMPGEY record strugbiq I 4pS, IR EpGHREASC(GF 1S s X¥h {1t BI2Uifole 200 are
shown i n Fi gur ehd deThieqgaiatd abo nRAR2PRACO MBS HS8S) @elﬁﬁ%kto“tggyele@triér ocessi ng
means in the formof a processor 404, a user database 406, a communi cations

means in the f&PiicoPO% WehuRiedts BRYIfichr e fhesudogeniita /&h 4 $pife means in
the formof a.|Ush 08! &:QRGHAL: ck &hﬁasﬁ&?iucql% a@%@ﬁﬁ&%»vﬁﬁaﬁm user
ar

accounts that contain user information An exenplary record strucfture for
the user dat abd&eadevice erggingcd i iRIrgRireess | 0THE ajsay fdatabheeda06 i ncl udes
a user dentifigfiB0312 30RO AR AAdEGTRiGASoy8oPIFOS iR, and a
device field 51t0_sclorrpri s? ng Datl i }steo%“epﬂié%rﬁ% e?/\llcgs Zogaéwnee% by each
user. For eachdelwct?i c devide. 208 deeicor deabain Ohedagsenot]lEonidatatyase 406,

there is stor eﬁllﬁgg]gggng%%i[ig}% ﬁ)d[hglg%;.ce identifier 512 for identifying the
, a turther |

el ectric device entifier 514, herein referred to as a
"pseudo-identi fi er"Thewnitebrkahsdatedent isf iresgtche elceict niscrudens deon2@8, a

| ocation i entig}‘l_iverSuc 6 i denljto' fyin a r!a cat ic(())rqtralss%rcoi at gd Wi t h_it he electric
devi ce 208, deVice ogearsaa[ FHe kﬁéaﬁlﬁggt &ar'i gt’l SO R QEEY IiEY i 'Réd
avai l abi l ity 53i8eranda devd giecerigr gyrio@cuehytwork 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 identitied
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



20 properties 520, and a statistical profile 522, The device operating
characteristics nmay al so define a device type (i e. whether the device is
an air conditioning unit, a refrigerator, or an imersion heater, for
exanple) for the electrlc devi ce 208. The user database 406 nmay al so

i ncl ude bartk0 @8#/41P€ and/ or contact details., such as ﬁ?%?@ééﬁﬁ a

t el ephone nunber of the user. Uses of the infornat|on stored in the user
dat abase 406 will be described in nore degail bel ow The user
interface 410 is arranged to transmt arid receive intimation to/fromthe
user via a fixed or wirel ess conmuni cati ons nmeans, such as Aasit. GSM

and/or 3G The ysef, dabahaseqtds @B HBEIn A GESSEdoANgdUBIAL £8 h¥adoriser Vi a
the user interface 410 using authentication means and access contr ol

goPeghaniané s trc theawniyy! toF 262t Figresn f@rongsane. FATSWS UMt OIoedeq i t he user
at abase 4. 06.
%‘%fggg% g&%} ﬁg éflﬁq_/hloﬁa ‘ﬂf&rmaggﬁ \thoﬁptreﬁzré?llcgﬁélﬁg faglevi ces

208 to WO 21H eruse account, via the user
interthce 4 0 andheekumdd36c¢nﬁmDhEUBGMOSWDWEd‘Mﬁﬂﬁhgﬂusﬁﬁmdaﬁabﬁbe 406

Soa ar o enomn TS, SSFRRRE bR S HBLALY POTROBE B R Shn B GRILF O node

202 are sho ri'sed
processi ng ani38mhlahbBo@h&@bb&nad@n@n&mﬁdnmﬁ@40 a device database 606, a

i f icati 031S
and an i nput means | N REUPGRi G dendeasra R SPTE SR dl ERAAES 505

to energy usage of individual electric devices 208 under its control. ~As

mentioned above, the electric flow control units 210 may include a smart meter

10 302; data relating to energy consumption of the associated electric device 208

may be communicated to the control node 202, allowing it to build up statistical

data relating to, for example, times of the day that the electric device 208 is

frequently used (and therefore consumes and/or provides electric energy), how

much energy it consumes or provides, and so on. This statistical information

15 may be stored in the “recorded statistics” field 712 of the device database 606.

Tt may also be communicated to the central node 200 for storage in the statistical
profile field 522 of the user database 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



The devi ce database 606 contains a. portion of the user database 40 may be
comuni cated 1:0 the control node 202 via a communications |ink that 10
may be established between the conmuni cations interfaces 408, 608"4n
exefriplaril record structure for the device database 606 is shown in
Figure 7. WH&14&/PCe dat abase 606 includes profile inff&MHREIIOAFHE ating to
the electric devices 208, such as a device identifier 702, a
pseudo-identitier 704, a device locatior 706, device operating
characteristics, such as user defined availability 708 and devi ce energy
recovery properties 710, and a new for reed, ding device statistics 712
relating to the,gRengY. SONSYNBLI@NART QY SH0Ne@fc gagh: ebeet meccléi%cw ce 208.
'Typi cal ly, the device database 606 does not contain arty’ bri m dam
rel ating to theatgses 006Thed Wepglsrike perespfyadenss t®the§oaﬁsmaw§%erttty hecei ve
instructions ffh@%@ce @a@aba%O%y SimitHr ﬁn%/ cﬁitaqglra#lﬁgo a%BE@ﬁ@ele?r% @évﬁre’ to
contr ol energy consunption in a etv rt "area Iven tine period 11lle
net wor k i nt er f a¢fethat B st famnr dngedirtloodeded tetht kegel hodeStRi @n POE8S via a
fixed or wdel L. GSM and/or 3G
I n response t08§ tﬁeﬁe{]@sehﬂhﬁgﬁ %ﬁfgﬁ%%%&w%g%??d?%ode 20 i s arranged
to send requests toljsmgat}elpemdputientlﬂwnmdss 2/@81mprovdfseiaairsewrassfoctlat ed. with

the control no Vi a icatio f ce.b08. a ribed in
nore detai l be?ogl\(/)v n?hegseon? eqdresg¥ s° e phﬁeps %ﬁ%tllfhers P’ﬁe(%cfgv entifiers

702 stored in tihéedeaitiersdat abas asdﬂ(lﬁg cdrirey rd@m)ﬁsehdtvd&mtfhé t@tis! E&i% may
conpri se a net k address uch as an | P _address .electric
devi ces 208 t o” el ﬁt‘lfc%l@%f‘?ﬁgftélf dEHespPpbdedop I ggfaé‘:Hh fn‘gaP a4y equest s
The el ectricc dewmidgesy zmﬁnamg emhh@idtiods SOk @tned @b ﬁﬁhﬁidrﬁodﬁw &BerCOT: i t" d
units 210; i ncl ude a co ati.ons mtgrfacg} F 306 :for. receivina
requests and of REFIE RGO ﬁ" PG Briceands Le RAiHds ATBIHEEIOAS tet he

control node 202ontEr &ieMpsed @ id6QNEdr$ ERESSrast Bf BEQBGE: I®niTREE dPn&! ectric
devi ces 208 receiving and/or sending information, wthout reference being

made to the el BEMFIEESHE0TIER 260 APl ITeErdng o2 AEWRNASK lociher ef 8igch
reference i s MBE&ic device in question. This is advantageous in situations in which, for

15 example, availability information of an electric device 208 is being
communicated, since it is clearly undesirable to reveal to a third party who may
be “listening in” on any communications both a location of an electric device,
and a time when it is available to be controlled, since the latter may indicate that
the property at which the electric device is located will be unoccupied at that

20 time. The pseudo identifiers may be varied regularly, for example daily, in
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 pracessor 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



S it wll be understood that this also includes information being sent to
and/or fromto an associated electric device control unit 210. The
control node 202 may be arranged to collect statistical data relating to
energy usage of individual electric devices 208 under its control. As
menti oned aWBYE2IIHE el ectric flow control units 210 medCVHEIHAES3S snart
nmeter 302; data relating to energy consunption of the associated electric
devi ce 208 may be communicated to the comtrol node 202, allowing it to
build up statistical data relating to, for exanple, tinmes of the day that
the electric device 208 is frequently used (and therefore consunes and/ or
provi des el eptr!cgnsﬁlﬂﬁﬁ&yi)s to BOVHIYEL: BREAGY, thil i &ANSUIES isPerBiMiAgse and so
on This statistical Information 15 may he stored in the "recorded
statistics" Fel Has ofingthstidevicedvedatiabasetveb int¢rfacaiy0.alF socyapkoHuni cat ed
to the central : [ e.stati st i le FE.eld 522 of
t he user dat abag(g[gﬁ)bé&% 1£ gsrsoagtg%raf'e%ﬁgfcg?lhg’ t atcghtlsr(?osyge@lei Cﬁ;eﬁlder nglgvs }Blgde

dat abase 606 i simeceiovedo fthomouser nait abhse dd6olatndrie coemumptbn node 200,

havi ng bein rovi.ded by a...user.; For, 20 exanple, the,lo i i ndi cators
b16 "ond uesr PagrrRaE SbeRent3ohon i Ay SEAPAT ORI RD Pel LS o e
devi ce dat abasec&0fisiny ibitiglenayr- préfigepseudoltipttentidérces sr wdéplaenl i aned above
are used fix this ose. The udo ident.ifiers, 704 f.or iiven el ectric
devi ce 208 st or &GP gw? eCOBQWi“@QEZ(z% '35‘3 155 BOECAFROT e A4S oggj%)g}’lm&%r r espond
to, the pseudo igdentdnbiggrednbtib@nis Sabdc@ivBd; @bt thisGndeiee @H8bd n t he
user database 406, Wien a change in the information stored in the user

dat abase 406 oc&wtged fighe wrlawmsions regrieedér thaaetyQdy nteRArYi Mg: i nf or mati on,
such as an gyail abi | jf yeR860&al8GoMotib2ONQIRLs AMLRIIQToRiGHhBr clélevd ces, via

the user interface 410, the processor 404 of the central node 200 may
communi cat e t hi §e¢trangd besdiehe sliniind wigdend2ope peripdt nEecftifmitset ons
interfa.ce 408. ﬁaabsrecs@@ag& bgged%ttﬁe hRaGATURLGAL 8ol MR MY dbhe: RGO
identifier of the corresponding electric device 208, enabling the processor
604 of the 16 6ontspodiat nodele20R deviges ldenttd inyhetiHentifigl @eante selegiet r ke devi ce
208 in the device o 0 '-gﬁag ‘ e s to the
correspondi ng en ‘F%’?f‘ﬁ“%?%g m(fg\%?sgeugggltf% éaltsle 8’8&5’% %ﬁf@g‘??\g‘Flé{%ﬁ@a‘g%a
relating tolsa speciyf iecoveel poperies devil cethgdgvitthdtatiase nib afloam grhepscont r ol
node 202 to the_ _central, node 200 can .he.sera 5using the eudo.identifier
o denti fy. 1 hol Sayamoargu A SRBURE uEh s HoRfk D PREV BT
identifiers in tkidssyway conpslaeds 2data dseauind the, avhiddbilithef andicanvélagric easons,
Firstly, since itte. tit &Did: 1 identifier e di herein to.the device
i dentifiers whi €A% & 8usetsifored ?ﬁtE"étnP%?wZ&bg‘t‘Wﬁ% et BRI 810 hode 202
and the indivi dﬁﬁll‘ali%l ectihib Giterd@Y i 0@Steg @83, thd cdnSroMbR didcfateg Whdh dfahe a
nefarious 10 third party nonitoring conmuni cations tQ determ ne the
location, of0 ar 6¢ciast HOPPCHAR Q8¢ 6F N&YY EMCgRiePRE. WITRAtTFGren dwis EEEV2DI 1 ;" to
whi ch the comt glicationsidiel@l girReGRNdbbs. the Reeuderhdenbdifib@nsth, ain
contrast to the device identifiers., do not thenselves provide any
inittrmation regaedignyreisghe amseinigsrak Pfodattinehpofods Harieg sétchi dedéd ce in
question. This is. ady G0oS1styBL LRSid oML or exanple,
availability i ntherl%g%@c%ﬁ%&gﬁo éf](éctsr_él’lc devi ce. 208 %}gugbei ng conmuni cat ed.
since it is dearly unAtsgsi 8dblinecatbtimeveivalttoe epntrhi rode ga sepdwpis avaproe
"listening in" on any, c jcati 1 on.af 5 iC
devi ce, andi 521 tfergéles\k%tgr?gfrﬁ?&{i@sl& %gll{ggrlgptg&{kgq%éea%g%‘lt (?égﬁ%gea?ga& %:lg&tt% e latter
may i ndi cat e t hatoubhesspeiapémtish tast whe chervilenel getr hca. déeeerciigsisocat euf
wi || he unoccupi ed at ,that 0 tine.. Th seudo identifiers. may.he, varied
regul arly, Car é‘%?ﬁ%‘% ebydzli‘q f,ﬁacfr'ﬁ g%d%erg %é?i i rrffsﬁfe?r " %F603§103a¥g n%tecuri ty.
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



Conmmuni cati on between the central node 200 and the control nodes 202 are
typically siiia the communi cation interfaces 4.08, 608 Figure 8
illustrates a nethod by which the COttr0 node 202 controts energy
consunption in a 9i_ven area for a given tine period. In the follow ng
(ltSttti. B2 e| e: CDC: It is made to the control AEHEPFAL0H5EWT or ni ng

various actions. Although omtted for conciseness, it will be understood
that the actions are typically perfornmed by the processor 604, in
conjunction with the clock 602, where appropriate. At step 800, the

control node 202. identifies a given area, within the geographical area
associ ated W t b £B&CONEQL MNOAE0RRR, thk NI CR-GREPGY 1BRNSYMREIHYN 1S to he
controlled.: typically, this identification is perforned on the basis of
i nstructions reveivBEnvifal sthe srRPWT Rciat @vfcat 0B 10herFaketiesdattplie, if a
control node i &nBIROclelas ity anGQHRE Liored OGRDE 1O SHACHBuQRGT AL OT TRY
send instructions to the control node 202 to control energy consunption in
a particul ar gewgyaphiidedrtegiterelecsisclviass 203aiftie, gisdr @etp; ipostcodds. or any

ot her area.co LSi tiple [PN¢ 1.S 4. € i-pl ecresidences or
wor kpl aces)s. Z?J& eg‘q@@% (Ite%e ggﬁeﬁ%c& Bﬁghg?%éécidgéhc{g}'ﬂfoitgég dgﬂtni%%élgperi od
(e.g. a tinme ofnedayke cobinmpgowhoich egnienigyt aonsunixnieen. iAsretioctioe icogit r ol | ed,
again, this information my he {.ncl ugjg% ibn the instructi ogsorectei ved via
the network interfri E&TEL6 SHBRIOETED T804S A HE Cont PO HGHRE 552 Sel ect s a
plurality of gd@iyps2@f frehelet ddcideviees:ti208ethaseh0nr dthewideatucinked ar ea
and tinme period. The eéﬁctr.i c devices 208 are selected 2 sed on the

| ocation i ndi cHt BPYPELTES et SOBRVIPEE" al'555EE 666 ¢ <6 {ThAE Bl y
electric devi ceselkocat@aided tdveadrdantihiedsanealarttcsatest esd/dheycontr ol
node 202 may al so use information abOLft ?se‘rldef,i ned avai | abi | t% and/or 15
energy recover §PIBFOBRESRY € sFedld I thRe GBIk YA ABALEME0E (Do Ul | ocat e
groups. I n sonhGe@M206b@BIMS an tah%uﬁttaf:u%&thsaéneﬂgpy%ﬂas@ QR thé @mepiLevi ous
time periods is used by the control node 202 to determne the availability

of a given el etttdeciievit &t 208.of Afechicefr 806 20% HE 2w dt iPoloYidt&leod® di vi des
the tinme peri ogle}gg,l_o a plurality of tine intervals. At step 808, the
control node associ ates each of the 20 selected groups with one or nore
tinme interMals, w ththgugh élrtéﬁﬂbqvwesqﬂh@@exﬁmpéalbéieg@dat SPeviat devinist h

di fferent group [ ' f | | ' : pis the
time interval ,Qgr];e Stlllggteétl’i%tekgp?%,&hggrq?%gbﬁ I gcﬁwé%’ g‘él??l?écg eﬁ‘gé‘g;yz
consunpt i on/ pr dwissleomni sayt dtchetiedntor efldiechallprbetrhrale bgsadum other profilat st ep

o control enclby eaNeaPEch 16 Thater B SeRSTIE 908 Bh- LR of the
groups associ attedd w thh dtshat datdbae oAt rvalibédnbayvgi MenclarmgadinTdues ener equest s

are received by t electric devices 208, and result in a.red i on of net
Consumott o el Ao B P ey G SRR BRC TR ko b sl Rlebon: £ o
energy.; by a sespecbeveaitgidoup in a respective tinme interval by, for
exanpl e, .30causing the el ectric device contro nit 210 t(%elgger te the

I
control el ement 304 CHUFLHE Fhés‘?ﬂefg-"n‘bonﬁlr‘fn@‘qnewz T GRVIEP Rt PEal  ener gy

consunpti on or g@tpd dF@aiedevices 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 ot the



18 of electrical energy provi SHOE3 by the electric:. device 208. The net
energy. consunption of a given group of energy device::: 208 is here
defined as the difference between the total anount of energy consumed by,
and the amount of energy provided by, the electric devices 208 of the given
group; in oVREPI2BMES, CileigY provided (e, gs generat edfCEYPAN/EPELt ric
device. 208 is defined as "negative consunption” of an equival ent anount of
energy. A reduction in net electrical engpgy consunption may thus be

achi eved by disconnecting electric devices 208 fromthe elmdeity

di stribution network 102, or otherw se 'reducing anount of electric energy
consunption of thesRLeat fldbr d8MIRE0ROBds dnb/ot Reih@8bnct QapRfiy Ryeedmdne devi ces
202 arranged to consune electric enefgy and/or by conneetinia electric

devi ces 208 to tohethe|wsihr ped thyay dickidei birequich FEBMIOR KIN1O20STBBIHE B wi se
increasing an a -of el :Cq€ P1.OYi-Si f,4h ri evi ce
208, in the casggﬁg%%ﬁgégr?g% é@?cggﬁg%g %rygﬁgggmfgngrgggggﬁg1eg?gic
energy. 5Ani n hesassovearesehide Hedrmexmgplaehymodd! ipodides e laigedtindreased eVi CeS
were selected, at step 804 based on | ocat.ion.indicat. C o0y
enbodinents,gthgrégpggeignmﬁ§? g‘F%PH%?@J%?V96$1%@3?@%&%&1?9%ﬁgﬁﬁﬁﬁe based
on ot her profil erovidesraraijvionl tiek ahifingl’ & @ctther eleegit décardevi edsh suth as t he
profile inthrtnatio ﬁﬁo ed in the device datab se.?OG:(ﬁF descr%ggd above,
in such enbodin@ﬁpgfst‘%aﬁﬁg:??@ﬁIBFn?géﬁ??fb?ﬁgagﬁlgpgéeﬁﬁnﬂhwﬁ ener gy
COI’ISUFT'lplt ion is tiendbeepeadint @hdred plisdse @eBOdihedrBysct) ®nodtricheand/or predicted
controlling the energy cons tion and/ Qr provision_ of I tiple groups of

el ectric devi ced"®BYV ]é‘esd%ts%fc rﬁébefﬁﬁ’dveﬁ\ﬁcf)ﬂm?]é‘f’g‘? Promay et??‘ﬁ'&ﬁ%ﬂég a net
amount of ener gy ansavnics 008 idd ot s OF ¥iRBridrdedi cbdBI fofdofGolah eséePm800 can
be reduced during the tinme period identified at step

. . 802. . The
control node ZQZQtefﬁﬁly?fg‘@ﬁé‘r‘%‘t & thetrrsipy %‘Efegﬁefé?efithﬁ‘é“&fé pgelsdndhiassess
their suitability agaifshl QRERYY APHAGEIBAL aGlohh@hd Ad (TReol 8NBLGYoupRNagenent
criteria may incluade financial data The financial data nmay relate to one or
nore of a tine déperidedtviendpyip merkeencye drslang i@k &aeireg™80managenent
service, and a constpaigf, @Bg@:%g?g@,t th8 oMt Grodd BB GRS tzﬂgi%g%&ﬁ{bﬁ

criteria may be responsive t ncing requirenments o _
15 start time, create a limited set of heuristic models, covering a wide range of

implementation strategies, by varying the parameters of the model. For
example, the assignment of electric devices 208 to groups, the time intervals in
which each control group is controlled, and the degree to which each group is
controlled in different time intervals may all be varied. Since the parameter
20 space for such a multivariable model is relatively large, the control node 202
may select parameter values randomly or may select parameters based on
historically successful models. The control node 202 may then determine one or
more characteristics or values of electric devices in each of the heuristic models,
and may determine characteristics of a preferred model, based on an evaluation
25 of the effectiveness of the model as assessed against the energy management
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.



19 transm ssfon and/or distribution grids and/or an energency capacity
requi renent of the grids, and may include a required reduction in

transm ssion grid congestion, or a required reduction in distribution grid
congestion. The assessnent: may include determ ning which nodel provides
the | argestOiEteYSe or decrease in energy consunpti oRTHPH'HIVER time
interval, which nodel provides a required tinme shill of a peak in energy
dermand, or which nodel provides the | argest saving in energy cost. The
heuristic nodels may include tine dependent energy prices, determ ned based
On current and/or predicted market val ues of electrical energy. The control
node 202 may det er ni,REMWBIMESikbhiglBCTdnt6l HR¥ O Ha20BerpOhicBeiRS Lf el ectric
devi ces 208 to control in each time interval on the basis of the assessnent
of the gener at @dapdeiei i cherisgefssef the agspisgiepayl hhdcEsHE Msldclsdaet®02 can
optinise the age?@qryaﬁﬁﬁamﬁ &oaxew C&Isu&lp@orgrdgeapsmef w8 &ldmedgyi ces 208
to manage energy demand in the required I n sone enbodi nents, the
control node 2¢Rrag@yistickopl a gr%wdcmndcrlobn sttl‘ar‘ftaSltS|<mﬁelnt@rpelaiteé andfdrmi t ed set
of heuristisc Qn: st.rategies, by
varying the pgggﬁk(tﬁgre gg}é%%tﬂgst'?rsogge%?ab&or exg&mklnﬁiaﬁ{‘%r}g@&sﬁm ﬂlr?ﬁnana

el ectric devi cemt@tbl@gthOLgxsmfpsie;ctmmée\tlce\mOlSnt @hlvab@lcmthﬁhcmthUMDhalcont rol

Or N LS Cont ! Blihithn ACL0C.IRAOPE, [ QAL AR ERED FEOURI S, fRONLGY! o9 L0
different tune interva ied. 8 ararre 0 space
for such a rt|bdnetrfnwaedmarleteanmedelopnsmra}a&tgp\t@ba/ Iﬂllﬂd‘m,tedt haicionimmol node

202 may sel ect. para val u ndomy o y sel ect paraneters based on
historically si?g(%séag‘ﬁl‘f PRSI ‘Ch'IIﬁ C%rr?{?%c{e %2&8“ 569 ey eHen"d6 er ni ne one
or nore char aci@idngtah@sr @krovahdies cofdivineah¢bley idevitesht af@actneof oft he

heuri stic nodels ne characteristi 0 preferred nodel,
based on an ev@Fd&Pﬁr‘grPng¥ Zgﬁe%régkgepfevé e%cg“%‘fa”toﬂagstﬂ’ﬁ{fal"“a@eéggté sed.

agai nst the engi@yonanagesete GkicherdramplthentcRanaes il sbdCznay eel ate to
operating char act erl stics, energy recovery characteristics or other

characteristic§dfdel ectric devices 208 that are available for control by
the control node 20Z,,fhesaptghrkl féﬁf&@en%%n%%n%ka’i@plgﬁﬂ@h@h%e@e get of
financial forecasts for the set of heuristic nodels, including the
30preferred modelerouphalefat mamehigdwup 02 ionyoupheny s bedt Sgriblips 148 | east
partly on the BasisQf ﬁh.@ne aE&E&rﬁ{SﬂloﬁJ btcéneofm&h% Rf alefysefe mmdel,. 20

In sonme t nhodt nents, e co node 2 may interpol ate between, or
extrapol ate fr@mr of, h@hr%@m QogstmfeStOh@umSQfeﬁslsmm@r fur theudhevrths pérodmodel s (or
the generated f nc n m ne the
characteristics OV?‘ hlare erafngbgél no% &g%mlﬁ#égﬁggcl%g&“gggqngg%eo alt%éd and/ or
ext rapol at ed chalslanmtemmftat ttssttooe esupid Iieélkceé)ndmeg|tlrmaﬂunsp¢ratdetgyn fiore assi gni ng
and contrallin r.oup ctri ces 208, reduces t

conput at i gjr%)al %‘terg\ gul gn?nne : g OHY r%l dEe egr%(?zlsbcon r@&%d0|bﬁgmf?1rés %flt]t Ser of

cal cul ati ons tkfatelmmlleberemmsn‘sofrmadthtemodeblemdeneoz he napndenm Skraat egy to be
imificriled Thi s mtuwmcreaﬁgsthes eed attvxg]; hec troI node
202 can react ?O&S‘Eﬂ%ﬂ?&dﬁfﬁ‘% &gy H° ‘F@a‘i’ﬁed”é% & POt et P’yelhaésr

ccodi tions, theecekympacreasiang dabteoefhl eetel Mcahbadbe assutbe o Ezﬁ/@tal‘(ﬁie node 202.
Furthernore., the conputational burden on the control node _ 202, and

| hetet:6re t hEESYBOINAPERERLT MG R EEHIPEINHIAR BBPOR & e iFEduced.

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
oft during the third time interval; groups 6 and | 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



Figure 9 is a graphical representation of an exanple in which there are IS
Zi ;(hglr;)ulps dlefi ?ed: fi anngQéOG(l?ip I I t]?/ G]?up 6, wi : h each gr?ﬁp hgvi ng a f
ef hu evel of energy pilaf/ of one unit i.e. in e absence o
any control, each %roup consunes one unit of energy per_hour throughout t he

peri od showhO 2PR/12RFS exanpl e, energy consunption is coftPEFE(17e. the
]?ner g%/_ con;u(r)rpjtl ?n ofI aE I ;afast _on;a gr o:Jpsl sEr eﬂuced) duri rc]%l&hglal m; pgrl od
romtime 2.0 interval to tine interva 1 Each uroup is t e.d, by
means of the aforenentioned requests Fromthe control node 202 io reduce
net energy consunption during the corresponding one or nore associated tine
intervals: In the exapleiQh FligWae B theaediodt ituﬂﬁertllé slsTeRir M8hSthar e
assuned to haven one hour durati on§ however, it wl glge under stood that the
duration of the cpitrd npér 2Ryl sxageme.be vari ed accor d| ng to requirenents.
consumpt 1 on o sane PY P < inSEHE ol LRI e R L val
groups 2 and 3 ateetricudaveds @fJ$ lmwmhngf tHeegreemosedudritinidy, i the értelaimougt olips et
and 5 are turned O rr durl &ZI @1 ft%hlof ng%ré{(% A R PHRS i Qeend | are
turned of f during" ehe’thl (?ﬁ' [Fert E}r?\ erval - group i I nt énr(\a/a{ﬂ .

| medi ately a ticer beaghcdd WEh(}umtrﬁm!taig tduranpamg%elednnct He/iel BBt pr grodevi ces
this may be the FESh & orid 07 tagabLemSants rbn (et oy b TS S0z, f or
exanpl e. Byterv@ld ugdafigg (th&, the nidoaidnidigy 1@ medrgyf cansiinidvicen cassoci at ed
with the electric devices 208 in each of the groups sequentially, the total
anount of energye% umed in a given area during the tint, second and third

tine intervads can begrgdused Mfgarewtthem&wohangptt&a&f@eugsddpgkplcenyectru c
device 208, or group thereof is turned off tht any consecuti ve period

| onger than a sikfgeases 3fipe caqhtigne HevHedisnAle e1Rup henkeen fesslehi AtdSt o users

of electric dev'dﬁ@%o BRI P8 ch %E’Hﬁiﬁ%u&%&ré Q@Vi@es"ﬂﬁﬁia%’ﬂé@o Qorlt Rgddred
consunption of each group typically iIncreases after each tine interval when

the group has beewverrnaed loftfdutihg sericsls @lénaciavityadaroramelach ths caspdf o dual
electric devices;?2 &dﬂ?o}amgum vxfa%o%mk%h IR LREPYEEISSRAT By d Poficdlir | NG

perlods of inactivi he case of an air conditioning
unit, the rédbm \Mgnd}camtheddrmgttm qtf)dlrme mwyvzihavwlth@atlelct ai gniltiogiaathy during
t he "off tinme interval, i

ILion un sumng a
great er anount 510“%%8%)? %Z?{ "fo Fﬁ?eﬁ%}dw 51(1: onur ec&fﬁr ?‘%’gr 4?1%@1% is that
users may he st aidistis dat hygrsmpayebd gtekehgalng,onmsekey&cﬂseiebacdte\demess 288ni n
periods after the ‘Elge avai | xtent 't electric
devi ce 208 reCO\P§¥%‘E’§Y§t§? H%Vr‘? 8%?“5‘@%‘ a%* onlS\ﬁnXtr‘?ﬁtméWC?’laﬂt lﬁggglds%mSnd t he
average |ength Qﬁ)strbmefstente%%ntaoeragae:cfmedswmlgl“s&enﬁegsalsaaﬁd tefaeergd to
herein as the "energy recovery properties” of the electric device 208.

Each of the2®| ed¢neicofdens ‘é@%e%ﬁ’qoﬁeré@éﬁnedgbﬁﬁ "HHTEHE ES?HWﬁlﬂée SPEY gure 9
are assuned to h@ébeerg,fg,eo A GNEYL AYcifiegayLrygproperties.; after | hour of

being turned ofi', the devices recover 2/3 unit of ener gy in the First
subsequent hour 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 | 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



25 and 1/3 unit of energy in the second subsequent hour. The dark shaded
regions in the figure represent energy consunption of groups in an
uncontrolled state. The lightly shaded regi ons represent energy usage that

i ncreases due to the energy recovery described above. The net result in
this exampt@2{!'¥¥AHt a total energy of 3 unit hours i FCEHPFHEEBY an
average of 4 hours forward. This shift in 30energy consunption is greater
in magnitude and tinme than if each group had acted independently of each
other, and/or if individual devices are controlled in an unmaggregated
manner . Al though in the exanple of Figure 9 at of the reduction in
energy cons Urrpﬁdt&ﬂin%ehd&ﬂ{' bMBach BERE \idd/Sr If id@vidudi SeREds S8t cMWoRedSiHbsequent

i ncrease in energy Sti.Mti on during. time intervals 5to 7, it will he
appreci at ed t h&it Vl-f48 P EE11968T t he subsequent increase in energy
consunption is typig@lduyn nRknl 00 R 106 tFli‘gré B fii 8F (LAUGL AN HeRHEr gy
consunption, since the electric devices 208 wll not necessarily be used
during the subseguepiongerinpdsie iaigealst oo exapffieeby anulsequesOndieadeOni nii unit
May riot need S ! r i - divi al |
at-fil ed-Og togr%cr)% I@On?%]g tpﬁaﬁﬁgggqﬁﬁg%aéﬁsﬁ ér,\%;ll} ' ﬁ e‘br;i%\é)(raeéi Err%gl.agd%gn’gin Furt her,
it can be seenptabiak. dyenbspheneinchkercanicgergy gniskinpamt issubsadyuentl0)hcr ease in
subsi st neat e : u i se i.all trolling net..energy
consunption of Qﬁt&l?ﬁtgﬁ?%ﬁﬁg@hﬁgQ%ﬁ%?’bﬁ%ggu%%%ho%nec%a elﬁcggddl on t 0e8 Vgﬁect ricity
di stribution nettwerdss€d2y boudee ddymathccabdeyucahapeds, ahhiefonetangd:, deseri bed . 5

above with reference.to Figures 8 and 9 can used to alter the timng
2l or st ze of UL Hs B G BeR0Be RO o f ety 814 Fove dak Tof

ener gy consunpthiror anifgpegb¥ encogengbaphtical thadeaedtee)peated to occur during
time intervals | tQFrS of .Fi%tr_{\ire 9, con't,roI'L}i_n ener%r/ .fgonsurgpti on as
described with ref er'éliée 't GTFI%EFE 1S ey WS Ttte Sef B ofOSHIUF i ng t he
tining of the peakse i? sObsaNdhOEnefAWGIMDtHOh SsehB@NAITUERIroMRE GBr dRaysyavoi d or
aneliorate the "hot spots' described above. Since not all electric devices
208 in the gi veHSYBYGIaphitdiP/asears 4re Helbesdartl at ont 61 1€ Cithe peak in
consunpti on of yith@sEorunaebly ebd edpelietdntit iy Hﬁtfé&eqhg%twdl lies@G&Mr duringc_
time intervals to 3, whereas the peak due'to the controlled electric

devi ces 209 i sa%nF peiddeteenes el lpvees vad § can bpured tagligHenAmitg #s/Has t he

ei zect of snoofihi Bg ,0uL 1 tiNE REAK Ak (08P BRALNG I iOYEFealsofl QRYET i me
period), and r educi rﬁlg}&l%an(l m;g%?t udeu.nﬁj‘lt'lr(l)e' anount St el géeév 0t_hat %?s shifted,
and the | engt hcgBumpiren bya whicolgepgrapicalrkd scdxmagieber detedwiinedmsy t he
processor 604 I  praof i info on..relating
o the el ectri ban bao” sbn iy oreraatPeehgy B bl HLRLTREL

lithe control modenc20? figcePves havstthactiécons siiftor bxanpheobsepark, of the
instructiops described. wi.t Ft reference to steps 800 and 802 above) to
shift e orventBruRTIls Sl bGP IRTCR, ARATEF BRI IR BBRYS) et by o
gi ven aver age tisogbedegtdl, Sstepot80deldescieed 2abov een@yercosvprapsiealt he

control node 202 sel ecting groups cgnt ai.ni ng el ec.tricf‘ devi ces 218% whose
expected aver a5 BOWEFSBL GHEETTEh. (1S Bk 'S PREHIRST AHSURRCOT 3N
and whose ener gyctriedevas\oprapektiresiriag einsuaRniahat tdve, Wehgikshhopedi me by
whi ch the energ copsunptijon is .spi fted avera.ges the %I ven_average tine

| ength. The co ‘%/erIBIm‘hf) 028 Hay° thefSsend ¢ 'StES MR Ebimiini cat i ons

interface 808 {ipwiheriehgcht cfredeyisesth28n0fthd fkgl OdpRatime\Ebveraf f during
associated tine intervals. The electric devices 208 in a given group may be

pol I ed after sEOAEAEYRFICHE PEHIBEES 1t B1AEYHEEr hiE ABOWE G ATCTEREEESI on i n

ener gy consunpiyi@n. ahdiint M@ caAsEIddRE Whikg ideth@kd hRJdWetie@MmihBd BNEIIY
consunption is determ ned: to be either above or bel ow the required anount,

the group al | ORAETHHS ey coEreaapirsti@dusiztre prilp inderessor epaedethunt i | the
correct ener gyelE&ﬁé’&évli&Q ZOSSwﬁ‘igms%Y(ﬁ'gd 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



In the above exanple, the tine intervals during ta.hicli individual woups
are conirolled are did not overlap. However, in sone enbodi nents, the
control node 202 may overlap the time inter yals during which different
groups are controlled:, liar exanple, to allowthe tine intervals to
coi nci de WA 24!¥&270&er defined avail ability prel ecencesCHEP2AGHE3SS
enbodi nents, the duration of the different tinme intervals may be vari ed,
for exanple, as the availability of electyic devices 208 in a given group
changes during ihe given tine period. As descri bed above, after a
group has been used to reduce net energy consunption it will typically
recover that engfgyahOin e %rmﬂ bOheldy! @h&RIkioh T §Up/§@g htchln@ed nt et vai
s In sonme enbodinents of e invention, the 11|toF no manages this
recovery, basedbon,gifer a\@mnﬁln@ lengijueisk $04 dewiibed 2brermsy. Sbﬂtlﬂiée At wor k
operator, by us rept
subsequent ti nel:(lgl}(ral[iogrt{(/)g? 2%al %eg({cﬁﬂijg%\agj ?ﬁ?@g%ﬁ%gycnggvgé%ggégsﬁggke@t he
ener gy consunpt exgrotpd ofdrige durei ngustihgtidn elspes giodn anols i(ignMWEantidy push
back: net cansunptio electric ener h area as
necessary. rre%lg??eoeﬁgr&y above’Y st r]eusca?%lselﬁg ﬂ#ﬁﬁle%n ssue'ﬁ% Lg%eont rol
node 202 to r eda:megyen@rsgmpmnsumﬁddonetngeﬁt}gl g,ieem a«magntnmm lwvgl VEére ti me
period. For exa i e desired to r t intinme
ot erval 0 and- aahgetelPhRget o Sk bE T SR By AR b
consunption untid thafdi@ftrid deecdstosr salhe Jrodpstiariget ofenerigy ammaufrptmcon gr aph
representing those requir rrentc? is shown i.n Fiance O In onse,.to such

instructions, tHETEGht FE 5l rss gdel v o quwllﬁggfﬂﬁe% opriate

groups to neet {h@et-afgat (£B/IOY CORGUNPELRAor i\hetXetmbanptionetinakk f or
determ ning the properties of these groups is now describe WI th ref erence

to Figures [|a 838 tatphe actual redugtiondn §ngsay s@BRMEYSI BEGUPEet B beiithdhount ol

energy, A'has bgﬁﬂe%ﬁﬁggw thk Fehﬁ?ed'amo%ﬁﬁ/ e ogomallokitfoﬁs ﬁ%ﬁﬂph(ﬁustéd“éﬁﬂ ng Or a
part: Cl:kWgroup, which we refer toss "group 1", el ectric devices 208.

Each el ectric dégipceces0Bdeatstl ugﬁkfhpcqﬂﬁiceel@msfefivctl@l ﬁavlee‘teﬁe sane ener gy
VeCOVeFy properties gs,shown Ly %I ngﬂeth‘é'nﬂn%hﬁtgggfi%rm% PolRi RGN rarg}o%ps gr oup '

recovers anmpunts of ener agyln I nterva Ine Interv 2, and )
in time intervabre3onrékpect dldebyovemhlesﬁowaﬂmnn som¢ emhetigyntartee eavh! a

fraction hi of A h S rec edlntlrrei r W
In this exanpl el ‘ii %ﬂe 1(ngtéme 1?1te“318n UrrloF ahlcedﬁ%g&t at 3n
under a requir ea@miolléd)atbr 'eim’iplet he atlveriat Itmenereggalscmnmrrmel wnh il d¢she gi ven

area does not e cee n | evel res ed by, line .0.0. n figure
1O until after ?H’te re\)é‘?\%g‘tf’l’d’r%{%‘i‘ﬁl eaﬁ“h?o @‘?[{]W‘E)ﬂﬁl th&rd(':i[fﬁlgn of tg‘? and 4,
each having si Wﬁif@f@@ﬂﬁe@ﬂ@hhlamakIb'é)éaﬁdaldtd’reﬁﬁmﬂé)aslﬂfeQiS)eﬂIelblleﬁoﬂfﬂa:m‘,@ntroI | ed
in subse.euent 20 time slots in order to fo%et t he addi.tjonal energy
consuned by2gr odp s RARH & EEBVEPTMEANESEPHES PREBFVEME PFTI0% - and 3, as

described bel ow, AddjtigeabldabRBESEY COBSHIRBRR KkQOUCRAUTet SR P 2 in
time interval 1, which is wholly of partlally recovered during tine

intervals 2, 3 arduapiia ulvel twpiEalbt rebgver dle oY éofet @gppeﬁwedhiﬁ%ﬁl of

&Et her gl eUps, %Qe(ﬁ.\gntotﬂné Mhed08s f ol kawd Bapdeserd BE iHRNaveftion, theAccfn@l%ﬁr s to a
decrease in energy consunption below the |evel represented by ling 0.0 in

Figure 10 in tineds 2&2enallag650hlam@089r)’ basterrs ferexampientrledsecisedneryy above
the norr na iSe Velhe n@tvsdrggpérﬁgre 'b¥ ﬂLln&( differehe él%ﬁw th r&fucyg‘deﬂg/ c%ngfrr%ﬁBn ip tine

i nterval
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



As illustrated in Figure ii b, the anmount of energy, E(t), required to
of fset energy consunption recovery in tine interval | is the anmount of
energy that group / recovers during that tine interval, given by- EC ) =
hli. A5 The control node 202 therefine selects a further__g_r oup, group
2, and redl@&4¥2{H&%energy consunption of group 2 by afSEAF2EES3Furing time
interval |I. The anount of energy required to offset energy recovery in tine
interval 2 is the anmount of energy thataagroup | recovers during tine
interval 2 plus |I he 10ambunt of energy that group 2 recovers during tine
interval 1, given by: 8(2) = B20 .021 = b2 .A + blb3. A=A 04 -1- 1)2)
The control nodg: 262 if hefetRbrpBl 6§ canKnblifieint9hRY4RImARRHRAI 8, Aand
reduces the energy consunption of %:oup 3 by amount k(r) during tinme
interval 15 2. AESRURNGIFUMPHR Sl Gpresequl ribde roligrnsdt iemaMgyinr ecovery
intime interval, $ i¢ il 30040, QbhSRGRGYANAE GhOYPR.de 2 AR 3 recover
during tine interval 3, given by E(3) = 130 + B31+ 822 = 4(14 2hlh2 b3)
20The control fedehR02 asher afforisiasedreetsgo andeuihe heeeigmelgp cogrowpod, and
reduces the engrgy.6 ' 0 b g;}r@ - 40, ng.Lime
interval 3, Ener %%@H&%@l?%#%@e{%@%% ﬁ]es%/rg eqét]ge%ttntt %?ﬁé%tlg&al S can be
cal cul ated i n tiéverilzdnmethmaferers toilfigurequered | 1bUsi ng t hi s approach the control
node 202 can deternj t.he ampunt.. of .ener consunption .that nust, be
reduced in each ti %plgaﬁtbgrsseéﬁr?(?nﬁhg}"c?eﬁa’taélg%llfélﬁt s[aeclzl rc’?’e/(lc’oh\a}se?%/enos?wgner gy to a
later tinme intertusd intervel adei or enmpldercionbffalpanader 202p,canctuse rditrese
cal cul ations to determ ne e energy.,consunption pattern when all groups
are finally al Potte 48 1r ,e%flgge&nctcﬁéliggs %Oﬁse%gglectr;c dBVlce %8 of group lals
10 chosen to have the same energy recovery properties as shown by the dashed
line. In this example, group 1 recovers amounts of energy B, in time interval 1,
B; in time interval 2, and B; in time interval 3, respectively. These amounts of

energy are each a fraction b; of A that is recovered in time interval i such that

==t
=7
and
A< E A b;
4
i In this example, as mentioned above, the control node 202, is operating

under a requirement that that the overall energy consumption in the given area
does not exceed a given level (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.



26 "ihus, by selecting groups of electric devices 208 based on their
energy recover properties, and by controlling energy consunption of the

sel ected groups so that the total energy recovery of the groups in a given
time interval is offset by a reduction in energy consunption, it _is

possi bl e t 0VERI{12746Yesi red amount of energy consunpl i ohCBYPAHEIF? ed

Il ength of time. The anmount of energy consunption that is reduced by a given
group daring a given time interval may hesvaried by varying the nunber

and/ or the properties of electric devices 208 in the group Simlarly, the
shape of the energy recovery can be controlled by selecting electric

devi ces 208 accordi ngs iRl in GNareY 1bEaRVARNnPLPREI LY, E5(1), kéqulbe texanpl es
descri bed above in relation to Figures 9 to | |Ib, all electric devices 208
in the groups weffectgaeransenstmpben sgayarabl ene fervelontsrtbt amoyt R e¥H®  whol e
of each associ a I ! o 1ol S0 possible to form
groups i ndi nhEi Eﬁgﬁ‘lé’\éﬁi‘%&g‘gwﬁ%tg%\smﬁgé’ieﬁdéf’ﬁbg??%bi lity profiles which do
not allow the electric device 208 to be turned off during the whole of a
given ihne interval, as is nom1descri§§H::'tg reference to F tprea | 2a and
| 2b. in this exanple, the control node’202"requires a group to be coins
for one hours as shown in Figure 12a As device zivailabil by is defined by

user preferences and_t hus Yy ri mat th equi rertients of .the, network
operator (i,e sone ug&$§oﬂggrﬁp%gh%t%%%g?dwﬁﬁéélﬁﬁﬁ??gﬁgei%@gpébf¥%ned f or
E) heI \é\hol e 20 tijmaiuaéseneya{e}gy doh@nmmhroolgrdupd&é/%%umaﬂla@g'nggﬂ:ﬁeein@ruwps Ej o]

ui a net reduction in energy consunption during a. given. ti period. In
this exanple, tHerldearauitiy geTgt HapEeddp Oéfg qag2s r%@\’ﬁr%g‘st”%g‘teé{ﬁizi‘%bi e for
control, namely ygr QHRnk .of FhQUP 1Bat @BEh IretRed. dEAE NG Qld@sali 5 pRSSHFEd t O
conprise electric devices 208 havi ng average energy recovery properties
such that hHl f @movKe! ereefialsHoEY W‘i‘é‘f‘?r%‘HlémgF‘Hﬁp&“?@’a]c]orgﬁeb%}“ed off (or its
net consunption reduced) is clainmed back in 45 mnutes. For clarity, the
behavi our of the groups is represented as an approxi nated. square-wave
response; in practice, tHé2endhgy Pecoveryt bypi datlAbf oll20ws an exponenti a
parrern. Each group has a different availability, defined by user

pref erences, and shown in Figure t2b. G oup 1 30conprises electric devices
208 hayi ng an avai | albhd icowtrgbrofi¢ 1282 ahdrefaienglecteanfitrtieberdupr pedp of fand or lave
t he enrgy consu ion recluced) liar 1 11111 fain:1i.,. group. 2 . 27 conprises
electric deviceggéﬁ§tﬁﬁvpﬁa(§9 “ﬂﬁﬁ?P%yV“B%#?ﬁF&?mgﬁéh rﬁgﬁ”?ﬂgénﬁgy be
turned of f (or havecbleigly, enenhegyy capsuint oftet ¢reciyaedefyan tidle iniervat &s; and
group 3 conprises electric devices 208 haying .availabhilit rofiles such

A R e

that they may ol {¢BBOPUrHSEHSY £14 SFOURAV et WEIr CENST §Y'Ed {n" r educed)
for $0 given by:
E(g) = Bgo + B31 + 332 = A(bf + 2b1b2 + b3)
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.



5m nut es. A group of electric devices 208 whose consunption Is
controlled during a first tinme interval can be M ned by the processor 604
of the control node 202 as tbliows. The control node 202 sends requests,
via the comuni cations interface 608, to the electric devices 208 of group
to turn ofYOYY'¥8%r educe 10 energy consunption) for P&TEPSY2PHE¥irst tine
interval, to the electric devices 208 of group 2 to turn off (or to reduce
energy consunption) during only the first 30 mnutes (of its available 45
m nutes) of the first time interval; and to the electric devices 208 of
group 3 to turnoff' (or to reduce energy consunption) for the period from
30 minutes to one hpuis Bf sdd@nd bicshs bif B tiNILIRDOS THRd 6RkAYr ereR® 1S
groups consi st of large nunbers of electric devices 208, neaning that the
nunber of el ectdPEr dEOPERS. 208 by hepntrallias t e dowpsmyton plathe tsisd ener gy
consunption reduged), thil Re QlaY ERrY QURLAS tRe VRS 89 L QnVRIintehgl & ze of the
reduction in net consunption associated with the group, so that, for

exanpl e, the apBuhtycf rededivetin enerign ceremgiiot ohsuptiPlenoi Sifs abissieadt i al |y
const ant acsos , first ki i r a i+ the

conbi ned g?saphﬁlgégﬁio\g&gégi%@lpﬁ“%ilbgr? ({iéﬁg?dcgﬂ ri%ﬁﬁ%n% ??)%Wgrrnloﬁp lis
shown by the selagy komepptidrethopmt rddbesdi ign af giom groopplupng s giiowtinlsy W
dotted |ine an ri i r 0 i S dashed

[ ne. o8 O bR it APl B P eIl SR RS F
time interval takes 208 acecqyerp. nBinelatihahe sivge tofuohet ¢yl mterwatas lehown in

t he exanple of Figure 9. The energy, recl tion. of iven electric device
s stored in t REPHHEPYFOTeSERYT HPSRSr ek O gIa ST SRSV dat abase
606 at t heltconpropkrtinode th20Zamplee daonibddalbonotec202n uskeiguiche tenels, gy
reclamati on chayracteri.sti of each of W electric devices_ 208 under its
control to deveFgpc SErETedrel PorraRapTHG SHEOVErE VAMER e 8 ener gy
consunption i ndide @t etblkiFiehdh Ab@taiddoubd RRerR@t Wokkver, BGs also possiblegure 3
shows an exanpl e where the el ectric device 208, which nmay bhe, for exanple,
a wat er beat er ©© B8 SUPpHGUIpE TSI CorVisret Gy oy B8 VR RPN &Y the tine
interval (1 hogyandih@odash@etilid neiRhokkOW @rnkd ofWe, thevenesGyyivec! amat i on
characteristic- of this electric device 208 As can %e seen, the tine 5

taken to recl afifiéneigyrscover desbf wiilhslraeeiasyeaiid afpdt tant |y the
amount of energy regl gisneanR¥, hbeoRlfabad fozdl%é{ﬂ.if‘eﬁ a@t&hﬂ 1 £3&RBiledt he

subsequent tinme intervals is considerably |less than the anount of energy
saved during tfareng hpRr. M diown in Fighe 2hePetdriee aurcabibarsis defied bpustr saved

energy reclama] t Lateryal.s,. O[Ol groups
at in the subéé:'%eentr??s {u%arrtg{lslerr?%{egg%{ng& ; it © eﬁ[‘ﬁr%g%e({}éc?r%t{ggg(eﬁeg%ér 208 used
do not recl ai mienergyugi oky yrefutnor &t heer tharedevases exttenidé dorpée modleof ti e
Thi S IS Shﬂ)wn B%{leli?l o ! Itﬁi lcg)n Folln%deFIZQHr g'\an1§ gré’w{e(:hroqlegréeﬁgntdsa l(ljeets! red
etrei gy consunption. us eby groupi ng €l ect ric e ce8° 20 appropriately,
and by sel ecti ngueloadh rhagdewiscesti@0Biring\il gigeragppe ppiddatle tbihakacpleri sti cs,

such as electric recover roperties, .it,is possible to manipul ate 15the
Shape of power "EBHELAEIHEr A Geghy s lfnRRRE ReEol R TARER S st o 1. 9a,
in sont enbodi meabsy 208el GHupdr &aeh ectiel God8Vi a8sm208 paypropetatre under t he

control of a cor‘{put er-hased ener él]_mana enent system ( E&{B% 1400, Wi ch may
be a buil ding ﬁ‘éh%@éﬁéﬂm‘é‘%ﬁt‘gﬁg% NE) 'ePorY & {8 SUPHBIERR! 2461 t ypi cal | y
moni tors, xont 6@kS; saaBfwh@ ih81ERS 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



20 energy rirlllarid and/or consunption O provision) of one or nore

el ectric devices 208 according to energy nmanagenent rules (EMS rul es),

whi ch nmay be defined locally. Typically, the EMS 1400 is |ocated at a
particular premses (site, or building), and provides |ocal energy
managenent WQ A13d#5anal -i gen: erns, the EMS 1400 may cdit¥Y8203H08¥r but ed

el ectric devices 208 that share a common ownership (for exanple,
distributed electric devices 208 all owned by a particul ar busi ness).

Types of electric devices 208 under the control of the EMS 1400 may i ncl ude
one or nore of heating, refrigeration, ventilation, |ighting, power supply,

tire, and securjfy,dey #l&e{‘ﬁc JEARD Fﬁ\%ﬁ:ﬁﬁa&amitg OFRdsSEcBLANGS 1Bay2d

30sof tware conponents for contro power "usage of electri'c devices
208 wit hin, fortexdnpldor baveathgie doerddli cvgsunptivnradised)hier elempyitegsaige wit hin
t he Typically, . th \ S af J gueied;: o opt.l M se e energy
efficiency of ag')b()ﬁi)l’dfon")éprﬁ}ﬁ ?lgglr\{gid%élggsrﬁop?t ﬁ%gfréo%l%g% elﬁﬁltee%]glll %gth%"ﬂe users
of the buil di ngthebynayfoaty exanel eff (®@htdvkeithgr efefgypanwermdoniretycilSomEs s

hours) . 5 The control node 202 is arranged to interface with the EVS
1400 vi a an’i nt BYf4Ee nmnager 1402 acting as a gateway. The interface
manager 1402 enabl esAtdagipEVBletdR0ictioed TUBEKH@E Cosuinpti@t heontnetedvduks: t hat use

different protocals. The interface ager 1402 i.fi G Ude protacol
transl ators, inp&GFAHEE ‘Wﬁ?"&ﬁ‘f‘aﬁ&ed@iﬂ%@g’é’%g‘? Brtoéesé‘lf%érof g’fes",omlr‘gdllofie% ol ators,
and signal trangd alipns thad cphavimee thhe Receasadsys, ivid elef asasudi@tioanabl i ng
the interface 10manager 140210 transfer data to/fromtheﬁEl\/B 1400, for

exanpl e. Thsiace 08%. fladhe parEgdrvIIBoYSnlye By LapasP @lofr iardPihg

requests t o ContfDly &InSGhSidh) BRUICEHe208 fhoMmaN figheedyPasief 2@ner gy
managenent systens, iIncluding systens different to that described above.

Exenpl ary conponggipsp afo am pihferte sdecnegegyeensiappony &g en ey Yure 14b.
The interface . r i i at. . Lnt arr anged
”tﬁh%? (oﬁn‘ﬁsofvaﬁﬁﬂégﬁi ﬁaﬁ%é%?b@ﬂ%%?%@%%ﬁ, gld 8¢ 1494k g

to interface w e control node Interface 1406 arranged to
interface with tiheéceENBS 40Q@5oua protes stir(on 408 duanderysoosuateiodelar dke 1410.

The ; utloutput interfa 1404 i.s j ! t i nel udi ng 70
control request E"}rl r%%]m %gn mélteersléo 3%% ggl{}g&ﬁﬁée%E%ﬁ%%olﬁ%ﬁ%geafgg‘faﬂﬁgé EMS
interface 1400 gsups rcamied(tlorgsenchidat af eecanddavecsi2fe, dat@ng tlomtiche EVS

1400. The processor 1%08 i S arran g to process .d SSi ng. t hg 9ugh t he
interface managBf™{#40% elﬁ%m&e‘&c‘f'rcfgg sltﬁatg?lgakug}eddgﬁgf){) %ﬂVeq ST eherey
consumption reduced) in a given group can be varied to vary the 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.



The processor 1408 processes requests received fromthe control node 202 to
control electric devices 203 under the control of the EMS 1400. The
processor 1408 uses logic (which may be in the formof a programstored in
the storage 1410% for determning which of the received requests are
conpat i bl YLK ITAE EMS rul es. Requests that are det eff'&d 1H/855pe
conpatible with the EMS rules are passed via the EMS interface 1406 to the
EMS 1400 to be inplenented, and requests that conflict with the EMS rul es
are returned to the control node 202 without being passed to the EMS 1400.
Upon receiving a returned request, the control node 202 nmay then update
the device dat abasep;f6 lB%hb\%jhr{?@Ia%lp‘iehé?fhergltlﬁzcélédt& gevd-ces, ¢08nunder the
control of the EMS 1400 are unavail able for control, and may reassign
groups and i ssbe ferewemelquestist brstoriyb adgmg, period of energpHEccENS relatiestonmy rel ate
to a device av f d diti the .
availability dgq! |t%£%h4t%¥%ld§ llﬁds?lg)r g?tg gesdéﬁ‘?@f P]i gr%%gexheirrpf)ﬂ?iglgr%grﬁéenent t he
EMS 1400 may arechniatiol clraafctqugtma’tthbmquniCtdeme a0buds nesbg ssuacthe asiea
super mar ket.. The_bus, S efln e ontr wer to the
refrigerati on %%FI{H) re{;]g% en%%YT'pclgvers fnh usi nesglsrau ”sportam?ydhle{ag]togat hat the |
O refrigerationf emrgy ieslaicenthyaht eldctaf fdefior 7®ﬁ)mntmhaof harsu&sehmm[ time a 24- hour

period. Upon receiving a r romthe contr 2.to.control oil
Phe refriperat Torverneo s G hosed Pbe RSt onaB3 ot ARl RE The
request with thereMS nulb esrcfios ffi‘Ub‘Gea’sfod 08k advkO el teclb@attet e mimunre whet her

a conflict exists. For e to control t he
refrigeration ORFENEES: Vcﬁ&ﬁ@g Bt r\}%ﬁ‘? F\o&(‘iﬂ%g &?E%Ht ttrﬁee“‘fi‘fé‘gsfdtl ndi ft3

i Ette specidfi echelyectrheddVs 108 @&ed @ rohe:chefUtsrgy QRYkIDSUE AtIE@BLEQIn of f t he
refrigeration unit for 30 mnutes, but the interface manager 1402 may
determ ne, by oSS! PPMd of YRe ENS 120t hathershkd f‘é‘f F Bléi"'ét PodNithi t has

al ready been coptdilid ediaf &nef&yrcoﬂs“unmtfonr UmeSHY Brob eg Efe@t\‘l'c(?l@ﬁcgs""dgat“zs and
SOrig the refrigeration unit off For 30 ni rtu | Wbol d 20 breach

t hei r: 1MS rul e8PPTomiaAchatsk byhedectiogepptias ydaases208 havipat EfaEiétemanager

- 402 may ret Ur&atrzf&?enst@éluﬁéh ab QleEtPl@ r&%@&S%‘ro;ﬁHfi@ @Q%yosé%lEtPrPH%mBé‘l%t%' ng the
request to the EMS rul’es may be time dependent rules
that the uSer tlmfsb?rm@fpwqrazk@sumpe@em@rﬁz@nmr the user defined availability
I8 of gihe el ect Tl cadaKdieh A 248 SLOLRGADJRAGKL o2 3l AhasR 606, o
the EMS rul es nay be apviled by the user on a nporary basis to override
requests recei vedceh rm vhe gente olndarode 20102 qfna responseakd @etamycal event,
such as a unexpect a legtric devi For
exanple, the Eﬁﬁ&}gggﬁn &e‘ﬁgE@?) rlaollonlgi:]l in ag% él(r%ttﬁg li’énramlsﬁbnéa’gtrrs'ﬁ?%g%t store
that is one of (BME8h&mexahplst mheEMsShGQ@tyeloen;t mlommie\clomaﬁs 208o@imeses

30or di narinéeoy avai | agl e for ont r ol }/ e cont.r ode 202. aﬁcor ding to
user defined aVhi{’a ?‘P‘?“[dya Ti G YO hET UL HE s %Mbé?ore rFésponse to
a | ocal devices 208 according to energy management rules (EMS rules), which may be

defined locally. Typically, the EMS 1400 is located at a particular premises
(site, or building), and provides local energy management In some
arrangements, the EMS 1400 may control distributed electric devices 208 that

25 share a common ownership (for example, distributed electric devices 208 all
owned by a particular business).

Types of electric devices 208 under the control of the EMS 1400 may
include one or more of heating, refrigeration, ventilation, lighting, power supply,
tire, and security devices. Each 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



WO 270MPC TIE P20 12/055355 event in a particular store, such as the
failure of one or nore of the electric devices 208 in that store, the store
manager may want to override the normal availability of electric devices
208 in the store to neet the needs of the business. in sone enbodi nents,
the interfa¥e2hgiayer 1402 may include an override PEHEPV AR AP S

provi ded by an override switch or button, when when sel ected prevents the

i nterface manager 1402 from passing any pequests fromthe control node 202
to the EMS 1400. The override [Unction may be provided in hardware or
software, and may be renotely accessible to the user. This enables the user
to oveni de the ol of . n | j4C At gency. 10
In order to det g?f&&ﬁ tﬁyeput(’:atg?r’pg%i E{Vﬁ tlgﬁgfs ?%l%ggdsgsé%tgﬁgiqgfg%b%ﬁtrol
node 202, the prefoessppf 4h@Blirmyhianedisopane ot heoEMBendnothy peers efibe EVS
interface 1406 to. I 1 : JoSdil EMS rules for
devi ces specifi tggll(lﬂﬁé ﬁ\’g} O?g‘({]au E%QE%H%£ %;S(t)‘ﬁéer%é@ﬁglr)%ﬁ{eg%%g%oz. The
processor 1408 may t heacoomwpasd 20Res areggesto indetfhcet iigh ERVEM Y| €¥) tioadet er mi ne
if they are 15 .in_conflict. The additional |ogigc stor in i,pt erface
manager | 402 pr SV PaBEdst &8 E By 1!‘?%6‘6‘%% rol® lzngecr)%ge %ﬂgﬁgﬁalté‘ 6l%:onfl i ct
with the EVS rulegsidsr o BriSNngiooass atkrtaoe tieh BMEr héd@drianthadiuss diferang t he
operation of electri is deyi ces 208 under ﬁ]{beé contr Qlldef thelEtIVB 11t400' Thi s
prevents i nconvéHi®Wce bEICNGITEAS SRRt he 2ulBY ot REPBW 1R Wr t hout
requiring the ownpsdagle toechEMS db4i0d, 2Qte tonwpea! Gatlhaidlattiserandedigmed

availability 518 1n the user database 400 each ti .-ne a EMS rul e %s updat ed.
Mil tipl e request@nf@prscBiat PEIMYenHicel ettty c i Se Lot Ele et rol of
a EMS 1400 qyer an.&xtendedrRati Qe bifrot (s WeY aloohRuesinpi@y be sent via the
interface manager 1402 to the EMS 1400 in a single transm ssion. The
interthce 25 nanagerha40orfaeaymansesr EdRpare berabaln of hrudlipe qeristis ! th t he
EVB titles for the GQLLesRendingsRek AercANhRRP EndHembRIURS]Sydand he EMB
1400 if no conflict arises. If one or nore conflicts arise, the interface
manager 1402 maynaleting systak doferanheo thegigessibed twve-he control node 202, or may
pass the conpatible e S 1 r i-cting
requests to the cont Eé%ﬁ%ﬁecé%E%%EﬁRt @?%%ggqnnaglgéege{ho %%%gg‘&ll then
cache, or buf f effigutehibc oifh@minds fdco cadnkyer f Id02 icoplperernatpwioumut stdhiedel ed
times. 'Frans:nit; all the requests for an extende riod i e has

t he advant age og4é4}1g%iil?%‘?6;t°tl?{8rf 1%‘4%’6 (iot')ltrglorrlﬁd)réoﬁﬁi ;%hgigé[g%%%egéﬂ'@?ces 208
in line with :herkeel té esdrticé oMt ME oned, alproveder 2OR, amd at sheaguienice of a
failure at the COVET:lid Cal:1[ ON Enk between the control node 202 and the
EMS i 400. Furthéffhbre; electric devices 208 under the control of the EMS
1400, for which no pant iigrt/atpEMBcrates@r € ahddaed ttwate aie (dtlneag! y
avai l able for control by the control node 202), are protected fromfailure

of the commtthi c&PTIEN TefFRis) Fom. eedrise datar tor e @8iruriCatiZon Thf ik bet ween

the control node,202.an6y {NerENG 114001 ddd & PEFQLReAaRIk 8d FOPeNadd on i s
complete, the electric device 208 under t O control will not be left in an

unwant ed ante. tlhe preressor 46@8 irediegesd tuppcirasla@aehew Hreshphetser&se of
requests. Furth%ar;qg%egyﬁzag*g&gji%gi egtjeph&ai[&q{g@sts at the sane tine, the
a

i nterl ace manager s an opportunity to determine the conpatibility of
the requester with tAge EVMBewsal 408 procadsearie@ieed redvised [filopGihRigeonirel e ch t he

request is %: he%'z %j cgl%dl eiegg[ce(]ceg'{cgs 26§1ﬁn§e9r?ﬁet QAnU%PgFthe 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



t 5202 receives reLEI:RP: Xi reqgiiesiti much earlier than if the .renuests
are sent at the t control node 202 needs to control the electric
devi ce 2082 and so the control node 202 has nore tinme in which ro reassign
and control ?JOT S of electric devices 208. This reduces the conputational
bur den on WH&1&6HPT0l node 202, and enabl es the contr SCTHEHE2HPP5 0 react
to changes in availability of the ;electric devices 208 nore quickly.

In sonme enbodi EnCrils, the interlace megrager 1402 or the EMS | 400 may be
able to detect a Failure of the conmunication |ink nep,yeen the control
node 202. and the EMS [400, and may, in response to the Calk; locally to

return the el C?btdrﬁédcre&lf‘ek‘t' ﬂt%%ol?t%l%d&mttﬁ%l Jllgn@um&téth@d&@wda%ba&%% 20 2.5 a.
state defined only by t . A conmni cati on lure may be

detected, for ©xafshie, th%yelffceféfo@fn’i'@‘ﬁ RG3 thae tan Ce%rfécetfeble EM& t410 fiequest has
not been receiyed.i. I $,PrEYENt Sqehect; de Sadye

i nappropriate state. ﬁ? J@fﬁgzgdcéﬁgn%ﬁ%?c %b@ﬁ Tﬁn&g% Fﬁr%ﬁﬁgﬁd

m ni mi ses, di styptdirgy and t uconvenenee. caused to the users of the electric
devi ces 208 under t 0 hni.ques and
et hods degcrl bed h@%elﬁ\ﬁg‘?rﬁat% 9 retlaqgt Ea[ ft%%ValBlblllty deﬁn-gg%?[nal? 11 g

exanple, t heseaddauimntoqulesavaﬂae,bdhe deﬁpd:cbnemeeulser ralatahzrsdwahmeax( Iemmlmw nor e

devi ces), 0I[11 hble e devi ces sof t. nor e, nmodul es),
o conb nat 1 ot ReTe EER IR Tt R e R R L 8 Rt ¢ i
one or nore app i eatinOms. peﬁe tusmnssrtt\egdatne@ﬂ Fudet tbScc(nASI inCopwediogi t al
signal processors (DST'.s i tal s € b roceSS|n devi ces %D PEIl s) ,
progranmabl e | 0§i'¢ H%V?E émEP‘”E§$“m ré d E?%ﬁ?éﬂﬁh 2 %Q?@ & s (FPGAs),
processor si0 COfHﬁﬁ@Ht@h Sinit M @h@oL@NAT arlndrSore MA@ INORILOGES SOhSur (REBEr

el ectronic uni deS| ned | o perfornt he funct|$?|s descri bed hereln or a
conbi nat i on t hHPEbIeBH 18 fir FRALFE [GH SBT i, Np VP efrelit apiiorican be
carried out throughiRdudlese tfiedice n@RA8ter 0062 GOLR S6halk8hdrequidi QG@dur es,

| anctions” and o on) that nerformthe LLMé( (M S described herein. The
sof tware codes!fdibe st 6F &y ehicaratan dnistor@erime Ve éxeelicea vy
processors. The,dat@pet @ &quitk 'Enafnﬂy t(p&)ntrBl I B8R refﬁU%tQOnV\ﬁlﬁt%p2 hhgs processor
or externally to the processor n latter casé it can

comuni catlifvel yhigbuplued exged He Ipﬁ’@@é@s"(lﬁle sbecilgedyviar ihed%Mﬁetalﬁs Omdiej s known
in the art /ad (YA n tgﬂgj ch her ei n
mac be rearrang;élg‘gs Q%%J% coﬂﬁpgﬁgﬁﬂgg %@gggd%??%ﬁa conﬁon%h?gp?% order to
facilitate theinachreviangeof 4@heay deteouse. dspeotdtngtie FMuader ithethew t h
regard thereto n nfigurations set
f ort h | nt he tehg%gq;toh?}{lt %ES alregévxnz %) en CE)%QO f:elgé)'gf}g %Enu?e% 119 qulgr%llil()e | n t he
art. TheZQbOM& eWMﬂﬂcmRMMEmamerﬂhgmenumdemsﬂddeQSUmuuSWDaﬂivt

For "oxampl i Do1G BRI Bl SbBUR O HAT- BeOeB o> 1 GPAKE WER and o

provi de i nf or matG2amyt@urd e reesdtalhe roden 200: M2avitHet pseng intrefueace : 310 of
the central node120§§li§ sonme arrangenents, the user may instead interact
with the centr®™ng 266 USiing a user interface |ocated el sewhere, or use

an I nternet browserTH:EM®MMEHhEAbEiME tidbehhigr aeAtRAkhe ROdEA@D0VEI@ t he
interne; in sone arrangenents, the conmunication described as being

pet-thrilled byesigdsroEpicd Thetiadse AaleaniverPoriel detondeyiesid%, for

exanpl e usisng goc@mPiitekyviad 895dathsoondi ab FBeuhdes B8 Rdaptieds deacgess the
users cal endar, and/or other personal information to
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



determ ne avail able tinmes of devices associated with the user, thr exanple.
Further, it was nentioned above that a control node 202 may store address
data indicating a network: address, such as |IP address, of one or nore 5
electric devices 2.08 with which it comuni cates. in sone enbodi nents, the
el ectric de¥PeeR/1298 nay have a uni que identifier incorpPoVERRP/SiEh as a
subscri ber identity nodule SIMcard, flyr exanple, in which case the
address data conprises an identity nunbernjof the given SIMcard, such as an
NI SI SDN nunber. In sone cases comuni cati ons between electric devices 208
and the 10control nodes 202 may take place by transm ssion of data. al ong

the power |ines ev&l@gﬂ‘?h%ﬁiceﬁ%forg & GOV TEMEL | Fafok &) Imd2h- GF the electric ) The

central node 200 an > control node 202 are described above as being
i npl emented i n di¥ersed8 istthasstane.abe sthswayEEer mAe WeoNPEoNEntds thhHoMhct | ons

f th des, .f i , ' 3
of those nodes aiﬁ%lb@y@beﬂe%gyﬁvfé@?ﬁoﬁﬂ%eds%’r%?@Pg‘?gl?ﬁqt?eg@sg?f tﬁ@%smgg.

imiernented in a ri manner, using a p di stributed
physi cal struct lir @sme embodimenisn theainieriofe theagabd¥e? exanptled arpeergyeti oity

to and/or fromthe .electric device 208 was varied between t v s (y)).o
ener gy on/eﬁﬁrg§h%W?}}mﬁB&%W8W¥“ﬁ%f%Hﬁgﬁgﬁﬁgﬁﬁh%hUEO%ﬁ@9%H%$%fd%&g?
consunpt i oni pr oyrs&Ean thyayteriade ma@gdrnpbhy fibe @esiig olylreglekry fiour the nenttohe

devices on or off t rat t he control node 102 contral devices to
operate at IessnPﬁﬁﬁgéﬁgEﬂﬁéélﬂﬁl V@F“Fﬁﬁ“&%%G@yE%éﬁﬁﬁ@i”§3§%W¥%ed with
reference to fi @uE@Evae,afd may bé REHEIY Biteibld RRhOGEr CONSHMADIE 0R uedr to

el ectrical energy is described in terns of con% alling electrical energy

consunption of Gretifsihrourdet e coyey neds?O308 S 1320 BE¥ Y me i nt er val .

However, asiqrentioneg; aReve, detdim$RRe eFRPLi RN T redRsts S&lt@GtRdc Gi@upPs
conprise electric deiwaries 08 which provide éelectrical energ¥ to the
(§]

electricity di stPibhid.ohe meraprk 1028 man ipkrssdadie FvRe | €Bntirdhe MY he
el ectric UK by GROSAAPL08 ! &térhlﬁleg\?v‘ﬁ@tﬂer 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  to update 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 contlict
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.



area identified at step 800 of Figure 8 may include increasing an anount of
. 30energy provision by these providers of electrical energy. Thus, in the
exanple or Figure 9., a given group nay conprise nultiple energy providers
who receive WO 2" 2700PCI MP2121055355 requests to provi de enerduring
associ at eV PHE 'Y Merval s; rather than to cease or redGdEPEYASHEADt I on
thereof, so that the reduct|on in consunption that results rromthe
requests conprises an increase in energy provision. Sone energy providers
may exhi bit energy recovery patterns the sane or dtil r to those

descri bed above in relation to energy consunmers Fot exanple, if the

provider of electritahs@RaLaY (GORRIdsRas: Ale@n8&d ;Sérfbdefﬁ‘%ﬁé%farﬁh%%ﬁe devi ce,
such as aREVstorlncgwenerg inits battery, it may he requested by the

control node 202 thoapraags decrablerghe EMSn 40pgo lﬁ@ﬂttOéFt? clgeiric Hgvieesgi%%en ti me
interval, duri l?ﬁm%%‘%ﬁ@n%&&esﬁs'f% fh@%&{t%@héde Hohen t'ﬁg\t/véﬁ?bffa[ Sﬁﬁ\ég’f ikhe

pr ovided energy as its battery recharges. Energy providers -;
;' ,, hi ch gener etremeligition rlidaibeerer ghe ®oeh asdeni2Ad amdr thenEMS néay0.not

exhibit any e”?&.‘ﬂ%mf&goéf&w de%lc@ge()StJ}l%Eletth, §c8491%| &%‘H&'EYVF‘S”FJE)% Fon n{)c%Charge or

otherwi se recover el ectrical energy provi odi ment s,
t he control nodnep@ﬂ@la@hﬂ&hﬁesar@dnmmaw b aof dlgacdupmﬂablﬁrmn cening bgne or nore

groups Mad con el ec energ or,. nore gr.o th provi de
el ectrical eneﬁ‘ﬁ Contﬁ)l g%r?eiog?ra enplgtﬁe%? faom(J)ﬁhlfe?”eo?t ﬂrlreo?oem%%’ afv‘lgn g alg% ‘ed gr oups

conpri ses a coebipat ifahe lemr&iu&é‘dtbh d;'nldewxeasfhaﬁ&ntdnabdmwﬁebeelhﬂst rical
cner gy and ol erig) ilgt se5nat ool de.cLieltheal snoray I U, t© be

10 control will not be left in an unwanted state, because the interface manager 1402
has cached a complete set of requests. Furthermore, by sending multiple
requests at the same time, the interface manager 1402 has an opportunity to
determine the compatibility of the requests with the EMS rules in advance of
time interval in which the request is scheduled for; therefore, the control node
15 202 receives returned requests much earlier 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 controiied by the controi 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.



20 enbodi ment nmay be used alone, or in conbination with other features
descri bed, and may al so be used in conbination with one or nore Mahn es of
any ot her or - enbodi nents, or any conbination of any other of the
enbodi ments. Furthernore, equivalents and nodifications not described above
may al so beVeApI2ay®eF wi t hout departing fromthe scope of CVRBVIHVEREI on,
winch is defined in the acconpanying clains 36 Clains 1. A nethod of
controlling electrical energy consunptionswithin an electricity

di stribution network, the electricity distribution network supplying

el ectrical energy to a geographical area, a plurality of electric devices

being distributed w ghi .Bakeks 38O I ARUs CRLrBEE BereWNBELHD iBAERREL bhe

electric devices is connectg%lse to the electricity di'stribution network to
consune el ectri caliowsmesagy forovinidd thére tashriowms maydeabylemaeiee dshangvac net

amount of electrjc er gy 1 Lan | L ' . a,
andl or to provi éééne:(}re@@?idgﬁfégnfg&gé%%té (r?]’g Iﬂe()lre%gﬁ(%(sz)? tg ‘;S}%J? g?dr[}%gdﬁtn?%ﬁ
net wor k, ther ebynddeesieasi ngmainagdnsarteunt. ofHaleotr inplenetagpnconsuhption in

a1 6,00007 200 <3l .0y ML COMRY By DL LEIAR,, 0o
in said geographhsals),afig@dl diglentprdcyssng @SRy, udigitdl i smaperdcedinguddvings whi ch
consunpti on of Zbgg]hr)i cal ener gy, sup lii ed_P?r SSEE I gcljt rrni c%}y gel stribution
network is to b tr BiogEY! ISR § é KO OBRTIEP F BFGF 18
information, a pFrtad) tpto@Esodd, 0dRsoIRdrs S alido@b@edlletsC reienipeesssbecatied W t hin
sai d d=ogr aphi Callect?(grﬁa’ nietg‘cdr(]esigx?idd t(g}l’ %}jom(l:otggrﬁilfcitiggs %ese:lri édalhielte n O(Ir gai d
el ectric devices$, cu gne p ,
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



dividing said future time period into a plurality of tine intervals, each
said time interval being a tine interval of said future tinme period during
whi ch net electrical energy consunption of an associated group is to be
controll ed; associ ating one or nore of the plurality of tine

i nterval s WPEHYEHER of sel ected groups, the one or norf&TEPAE2HEEr val s
associated with a given selected group being different to the one or nore
time intervals associated with the otheys sel ected groups; and sendi ng
one or nore requests, -for receipt at the electric devices of the selected
groups, to control electrical energy consunption and/or provision by the

el ectric devi cgsaddph@rgbycdseduciRE AIdAeLr, GRNSUSRE QBs0afl ﬁfo%&tidn%' ener gy
in 30said geographical area, during a respective associated time interval.

37 2. A method AEEHH Hgilatds Enes ahdeyicesussppinieh Withghe wer. festmelae of t he
sel ected poens, thep Qe qf WIPM&KiERICHSe (BRU Eoﬁu}c?'i‘ n@d{ 8@ G 4,08 ,Qf

el ectrical ener consunption associ ated w th sal east one group, 53. A
met hod accor di aglirese detaidreating iapneirs hddieeor sah ds dBstldosse obbne remsel ect ed

groups, the ong.qf, G&Vl@esr g%@%’i %hfeﬁ%‘é érl.fm+xﬁca§§k IRGL&a%6H0k: e'&?s ” Ca'

energy provision associl ate east one group
accordi ng to anyctpe ecedén Ot Inaymhaviena \Mniquh,idémlhtehencwasmataco(sﬁchams el ect ric

device arr angegubscrlbep i erliltrthI\e rr% u?et gfl\r(f cgrra,e%qye’xar%gl% S TR He address
data comprises an identity number of the given SIM card, such as an MSISDN
number. In some cases communications between electric devices 208 and the
10 control nodes 202 may take place by transmission of data along the power lines,
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 muitiple energy providers who receive



requests result in an anmount of electric energy 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 el ectric energy, the one or nore requests results in an anmount of

el ectric en®PgY1218 dvi ded by the electric device to t hBCEEBEEYIEFy

di stribution network being increased during the associated tine interval.
S. A method according to claim4, in whichs in the case of an electric
device arranged to consune electric energy, the one or nore requests 20
result in the electric device being disconnected fromsaid electricity

di stribution net X@{ %g%éﬂo@ﬂe EE@%yaﬁlﬁﬂ%va‘?%f% F{d e I8y &liher 31 thRedBE case

of an electric d ranged ectric energy, the one or nore
requests resultsnrﬂhwmenemmManbﬂdéan@mhé¢ﬁ@U@ﬁmn@GWQGmP@MUh@f@ﬁ@étr|C|ty

di stribution neth\!\OKl’)I{ !flegé'lrulesr‘g ?15%33 1qg<ﬁl\g?£sgﬂ % e%djr&tlsstyal 25 6. A net hod

according to any preceding d ne or nore sel ected
el ectric devices conﬁbmsesagﬁmekﬂemnmwfﬁhmngymggnmoﬁﬁmpmmamdmihewame or

nor e request resuibfE andln rease Hﬂ emgggrlc]ener ra&&p by t he
electric ene gy *ge F%&é’?e e é’ ove el R o d” ﬁ% gl ng t
precedi ng cl ai mif ihe pdilide ot Bictrical energy comprises an electric energy storage dev1ce,
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.



associated one or nore tine intervals are arranged such that the group
whose net energy consunption is reduced is varied sequentially throughout
said future tine period. 5 8. . A nethod according to any preceding
claim in which the profile information for a given said electric device
relates to an availability for control o? the given electric device, and
the allocation of the given electric dev'%e is performed on the basis of
whet her the given electric device is available for 10control during a given
said time interval. 9. A nethod according to any preceding claim in
whi ch the profGlaans nfol!illation conprises energy recovery information
relating to an energy recovery property of at |east sone of said electric
devi ces, and said selection of 15a plurality of groups is perfornmed on the
basis of the energy recovery infomtion. 10. A method according to
any preceding claim in which the profile information conprises _ownership
information relating to Atméthedef exellsre eegtrcal energy consumption within an

5 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

10 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
said electric devices in said geographical area;

15 identifying a future 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
comprising a plurality of said electric devices;

20 dividing said future time period into a plurality of time intervals, each
said time interval being a time interval of said future time period during which
net electrical energy consumption of an associated group is to be controlled;

associating one or more of the plurality of time intervals with each of the
selected groups, the one or more time intervals associated with a given selected

25 group being different to the one or more time intervals associated with the other
selected groups; and

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.



20el ectric devices, and said selection of a plurality of groups is
performed on the basis of the ownership information. 11.A nethod according
to any preceding claim in which the profile i nformation conprises
operating characteristic information relating to at |east 25sone of said

el ectric devices, and said sel ection of ?.plurality of groups is perforned
on the basis of the operating character%stic information. 12. A net hod
according to any preceding claim in which the profile i nformation
includes an indication of whether a given electric device is arranged 30to
consunme el ectric eher gyAanethprbacrerdingito glpipend, &1 whichj for diélagieonesofathfanged t o

provide. el ect (e AEREN. 1 3%ne or more e RUIRCAEGRIALY f@Mefr eCedi ng

claim in wnc nformati o rises ener anoun icators
i ndi cati ng arem@fuddhs@hptesiesgycigehsithiphidanlaastdnegr@poVvi si on associ ated with
the electric devices, and the

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 e¢lectric 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



5nmet hod conpri ses; identifying a net amount of electrical energy
consunption to be reduced during said future tine period; and

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

i ndi cators. 10 14. A nmethod according to any preceding claim in
which the profile informati on conpri ses % cation indicators indicating a
| ocation of a given electrical device, a % nmet hod conpri ses,

identifying a given area in which electrical energy consunption is to be
15control l ed, the given area being an area of said geographical area
suppl i ed by the el éktri cAtethodt a¢dording rtonanyvmrcedingd claim, in swhisht theg,

based id |ocation indicat | ural i [ sai '
ol octric dovi dsoatrEru bR i Baaliinshbedcling ASBRR Mosf R
according to af¥rgy’ &sRGnPlok iRir8uce® TP afitd Gedintihidy Hhroggteoud ewidc futatat abase

at a control node, said device database conprising device identifiers
i dentifying eltoge péreoddevi ces | ocated in said given area.

5
8. A method according to any preceding claim, in which 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 given electric device is available for

10 control during a given said time interval.

9. 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 includes an indication of whether a given electric device is arranged
30  to consume electric energy or whether the given electric device is arranged to

provide electric energy.



16. A net hod according to claim15, conprising: usi ng the device
identifiers to nonitor, at the control node, electric energy consunption
and/ or provision patterns of the electric devices, to conpile statistical
info, illation relating to electric energy consunption/provision patterns
associated with the electric devices; 3£ftoring the statistical information
in the device database; and 40 ocating electric devices to groups
on the basis of the statistical information. 17. A met hod according
to either of claim1l5 and claim 16, in which the control node is arranged
to communicate with a central node, the central node conprising a user

dat abase, the user, data ent i a user,. as OC|ate h of the
el ectric devices. 'Q eghocpacr?glfdﬁi%%ga@é'&ra‘fe ngt AEp A ieglthf Rrﬁfch t he
devi ce dat abagfringtiddesrheikes endrly 8ot ihdichtORindideitd 4d &hGunt dfteﬁ@g?nt to
said device identifiers, the further identifiers each '"identifyin

cor r espondi ngFOBFWRRtING 20T PEOVisipR agsnsiaterhrvitade eleaipici deviepss angl t Grt her
identifies. 1nmhodcoﬁﬁ%meA nmet hod according to any preceding claim wherein
said >

identifying a net amount of electrical energy consumption to be reduced

during said future time period; and
allocating electric devices to groups on the basis of the energy amount
indicators.
10
14. 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
15 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.

20 15. A method according to any preceding claim, comprising
maintaining a device database at a control node, said device database
comprising device identifiers identifying electric devices located in said given

arca.

25 16. A method according to claim 15, comprising:
using the device identifiers to monitor, at the control node, electric
energy consumption and/or provision patterns of the electric devices, to compile
statistical information relating to electric energy consumption/provision patterns
associated with the electric devices;

30 storing the statistical information in the device database; and



15plurality of electric devices are distributed anongst a plurality of
prem ses in said geographical area. 20. A control node for
controlling electrical energy consunption within an electricity

di stribution network, the electricity distribution network 20 supplying
el ectrical energy to a geographical area;.a plurality of electric devices
being distributed within said geographicg? area, wherein each of the

el ectric devices is connectable to the electricity distribution network to
consune el ectrical energy provided therefrom thereby increasing a net
anount of el ectri calloeateggyleciics deyitdsot ignounsi an gheghasishpE dhe stadisticand/ or

to provide 25. (Jegtgical energy to the electricity distribution network,
thereby decred§ Fga%%het amount of electric energy consunption in said
geographi cal area, the control node conpri sing: a communi cati ons

nmeans, the comunications neans being for sending requests for receipt at
the el ectric devicdd, andl nfathodcanemdimgtatsithgr of elniny 18 apd eleimI@ningehichhe

central node gﬁglg{,@élprg,dg S SaBEed R BRAREARLIARARD Lt b, %chlu,,gng%ut

i nformati Salrd el'ectric devi cées;

means arr angechole ch@pabing aaRkert dulatgé, thdusdr databudelidentif/img apeet adoclatetd ng
whi ch el ectrical energy consunption in electricity distribution network is
to be cont r ol |vEth eagh@t the electric devices.

18. A method according to claim 17, in which the device database is
10 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.

19. A method according to any preceding claim, wherein said
15 plurality of electric devices are distributed amongst a plurality of premises in

said geographical area.

20. A control node for controlling electrical energy consumption
within an electricity distribution network, the electricity distribution network
20 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
25 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
30  node, the central node comprising a device database arranged to store profile

information relating to each of said electric devices;



processi ng nmeans arranged to: 5sel ect, based on said profile information, a
plurality of groups of said electric devices, each said group conprising a
plurality of said electric devices; divide said future tine
period into a. plurality of tinme intervals, each said tine interval being a
time interval of said future tinme period during 10which net el ectrical
energy consunption of an associated grolup is to be controll ed;

associate one or nore of the plurality of time intervals with each of the
sel ected groups, the one or nore tine intervals associated with a given

sel ected group beulngutdmﬁarér@mng@‘b te h@cem%armndmtlentqfrﬁefutmeetnmalpgna soci at ed
w th 15the other s cLe e or

Fequests. i g B HERER G Btumetiop i clsstric§ B HeiPICE devi ces
of the selechg@egbﬁmagﬁ bfd control electrical energy consunption and/ or
provi sion by the electrlc devi ces, thereby reduci ng a net consunption of

el ectrical energyIFﬂ“§&PEn5@@§W§Hﬂﬁ ¥ area, during a respective associated
time integval. g gy
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geogr aphi cal ¥&5: wherein each of the electric devices is connectable to
the electricity distriBybidnaRChIREKidOpEREHIE (HIEGIiTY GRlimENRlapY Ovi ded
therefrom thereby increasing a net anount of electrical energy coAsunption
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conprising: controlled;

associate one or more of the plurality of 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

15  the other selected groups; 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

20 associated time interval.

21. 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

25 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

30  energy consumption in said geographical area, the system comprising:



42 a plurality of control nodes according to claim 20, each of which
is associated with a different area of the geographical area; and a said
central node. 522. A system according to claim 21, wherein the electric
devi ces whose profile information is stored in the device database are
associated with different user accounts, 4and the central node conprises a
user interface for a said user to access a said account and to alter
information stored in the device database. 10

a plurality of control nodes according to claim 20, each of which is
associated with a different area of the geographical area; and

a said central node.

5 22. A system according to claim 21, 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.

10



