Reactive Power Managenent Field of the Invention The present invention

rel ates to managenent of reactive power flowin 5 an electricity

di stri butwononetsngsek. I n particular, but not exclusivel pCTiEP201@l0885¢6 t O
devi ces and nethods for controlling reactive power flow at power
consunption and/ or provision devices. Background of the Invention 10Supply
of electricity fromproviders such as power stations, to consuners, such as
donesti ¢ househol ds and busi nesses, typically takes place via an
electricity distribution network. Figure 1 shows an exenplary electricity
di stribution network 1 conpri silkepctive BdwertYipmdgementr ansni ssi on grid 100 and
an electricity distribution grid 102. The transm ssion grid is connected to
15 generating plants 104, which may be nucl ear plants or gas-fired plants,
for exanple, fHigMotkHedhvédtiohr ansmts |large quantities of electrical energy
at very high voltages (1n the UK, for exanple, this is typically of the
order of 204kV; howkigdirctent y1vpnigrerclaics wonaRaepment @l RactheVRaWar| Isyuch as

over head wer, | | .t he. di | butij i I 1SSl grid
100 15 1 pkea P RRE 6T BFTLTTAR oh BoBhle il IEAPATRRARLEL Te
whi ch i ncl udesicaicts anbmethats fokQonitbiliah reivepdweit filew et polved consuppligh to a

| oner voltage (in the UK, for exanple, this is typically of the order of
50kV; homeverfmﬁg¥§“9%¥Wb§“ﬁ?scountry) for distribution in the distribution
grid 102. The distribution grid in turn links, via substations 108
conprising further transfornmers for converting to still |ower 25 voltages,
to | ocal netwBdckgwuohohthednwntign net work 112 suppl yi ng donestic users 114,
and to industri al nsumer.s such.as_.a factary 110, Smal | er power providers
Slch a5 wihd far s SPRBBMEY: SRCSCHE. EOMh LRt ovitHe 20; RIVHRRLGR it d 10
and provide pQYR§uMdErRER as HoBfbiid folReHSIHs hid bRhEREd, XyitaRSEkéd fidcd hr ough
all parts of the electricity distribution network in the formof a

si nusoi dal al tva¢ aratieplgicBD disnlarion maGyorialégure 2 shows an Exkeraplatycel pameity
consuni ng devkﬁﬁsb%onnegte%:ﬁo t he netmorktat @or exanpl e fdae. site of a
donestic user PFAPURL TEWOR | SQRPIRIEHL At %lm,ra%ﬁlﬁﬁ eHEEY ¥He¥Bf rom
The | oad providiedidy daahibation Ge¥i10e. i Bhé YiRinsalidsionN@lidpiyr ebyndergi & i ve,

but includes a reactive elenent, due to capacitive and/or_inductive
15 generating plants 104, which may be nuclear plants or gas-fired plants, for

example, from which it transmits large quantities of electrical energy at very
high voltages (in the UK, for example, this is typically of the order of 204kV;
however this varies by country), using power lines such as overhead power
lines, to the distribution grid 102. The transmission grid 100 is linked to the
20 distribution grid 102 via a transformer node 106, which includes a transformer
106 which converts the electric supply to a lower voltage (in the UK, for
example, this is typically of the order of 50kV; however, this varies by country)
for distribution in the distribution grid 102. The distribution grid in turn links,
via substations 108 comprising further transformers for converting to still lower
25 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 providers
such as wind farms 116 may also be connected to the distribution grid 102, and
provide power thereto. Electric power is typically transmitted through all parts
of the electricity distribution network in the form of a sinusoidal alternating

30 current (AC) wave.



5 elenents in the devices. The reactive conponent of the | oad may be
particularly large in devices such as electric notors and transforners,

whi ch hawsoaohighmsenduct ance, and devi ces whi ch have a IrCglEPec@passsi@nce.
Such devi ces produce a reactive current conponent which flows at 90 to the
voltage; this results in a phase shift iE the current flowing in the
network with respect to the voltage. 10 “The term "reactive power"” is used
herein to refer to the product of a reactive current conponent and the
voltage flowng at a given |location of the network. This reactive power
results in no net dileelgic pavegrsfomsumeng Hevidev cemeciag ta thedweworkagte fain ef f ect
on the network_and, op power. s | j.ers describ bel ow. The,term "real
pover~ 15 usedpst PRl IRREE R 17 ST L o B R
consunpti on bypowcp EWeErdRNTHET0Ag pieMiEEby daea shel davidomweypifAgtidt putcty used
herein to refer to the ratio of real power to the vector sumof the rea
power and read€iividvpmeincludes a reggfivesglempat, dpf de t capfcitivie apdla industivybad of

an i ndi vi dual . ur -\ i f.f e.J net wor k
oy be onel 1 SRR i\ GeRD RS LAARoRIES RS GREN G eI,
significant. Thagcliadgeices hehcisralentie waltbagadphastoradictd, evienk dabes bigs, t he

greater the siize of the current that nust be supplied to a device in order
to supply a gilbSHIFEs anélﬂ%wﬁ% whichghave ﬁiu%wapéﬁ an%mhéﬁww ¥$ 4 n phase

wi th network W@Ac&i@g%ﬁnerﬁ%nﬂpﬁﬁéﬁfﬂigh go% \éﬁ@9(§""%QH<§2 vOltadeCBHis RQUR in 4ur t her,

energy |l osses in the network, due .0. heating 25 of electric power

| i nes, depend phasc dhéft irtha lcugent flomting Inathe netwoels patbtrespectab thwhretltage. t he

current flowis re or reactj.ve. Accordin .such phase differences

et ecti vel " nor eacthehn STOEHYF PpRET o P T BEEIb I T RALD sk oE Glrr at ed
and supplied QyadiveeuWBEntUoMoHest dfd @EARItadOfFRRs dthegidemasdsionlof iths _
custoners; this places an econom ¢ burden on the power supplier, increasing

the cost of 306heerkrilda repdiverpogeneasakts mrmo Bit ghérgy tipnsfehie therdemec, bt
resources cons d by 3 the power provider.in order tg.supply a.giyven
amount of power (0% RvsqHier S e REte hd bR S rapd RICE T dReiifed o

envi ronnment al ewsequenses ‘recal power Uk ub&l herdit toakkereb @iE Rits of Biebtrikel
transforners and power |ines are dinensioned according to total the size of

3

the curreht (HetNEONFERTOH DY LAY FIEPSENIng|dsyicag Thp terpe NostchErTOr” thei r
operation is f i ow (due
o thermal | odhgh Fardhlo BAHERIGRRL Yar drgE Py Y VBl B AU PG O e
current -vol t agadpteasec powérer ence of power flowi ng in such networks have

focussed on m nim §j t he reactjve power contrjibutign of, and/or creating
an appropriate anDS&Fg%fEE6%%8%@@##h§”&@“?gﬁ@t? Y P ugls devicg g thcal e
power suppl i ergrreRibIGEE PhhdddiFRAREN FRTH R th Ok fn%?gate' s}ﬁ%ll?@l‘!@&urﬁl&lative

transformer stations mntgln the electrlplty di stribution network. For
exanpl e, 20 powdiccisframi ronltiplyydaysess sambs shifcaptcilThotagartté onrremidwtther s,

| dependently oe VIGETLASHLIGELOBS LEAm LIe Jeerk QRELPLer g ROl bs
power supplied to a device in order to supply a given real current (i.e. the current
component flowing in phase with network voltage), and therefore a given
amount of real power. Further, energy losses in the network, due to e.g. heating
25 of electric power lines, depend on the total current flow, irrespective of whether
the current flow is real or reactive. Accordingly, such phase differences
effectively increase the size of the total current that must be generated and
supplied by a power provider in order to meet the demands of its customers; this
places an economic burden on the power supplier, increasing the cost of

30 electrical power generation. Similarly, the amount or resources consumed by



15 conpensation is effective only at short distances (due to e.g. thernal

| osses), and, furthernore, the current-voltage phase difference may vary
si gni fi camOI2g1fresse| ocation to | ocation within the el eclPCirmPey11a58s10 i buti on
network; this nmeans that reactive power conpensation at a small nunber of

| arge scal e power providers does not effgctively conpensate for |ocalised
current-vol tage phase 20differences. Sonme | arge scal e consuners of
reactive power nmay al so use sonme neans of mninmsing their own reactive
power contribution to the network by using supplenentary devices to
conpensat e f orthe hewerguetideranpodsrto sHD)y g enamoUns oicPovess te WicoBIVERET is
capacitors or an émhoaﬁ‘éﬁ safxncher on eul\%abrfngoril; ni ne%%?d 12908 pover 25

provi ders encodf8§8’i dusty é?vc%nsanerglpédhﬁlas F%é?%&I8E3 to contribute

| ess reactive powerFubie hast@bigelb@ents eaeh i setrp@ et Bhd ipdtiet QitSs iafe
addition to real power consunption. These methods all focus on m nim sing
t he contri but idmewfioneddicerding to detgl e sizepfdhe cirreah (whesheragel gHaadive)

differencesin j.t i i
(520061 09000041 TRESL IRL ot By ??%ﬁ?%gsa{sh%ttf%%% 8 itered Sh &gy
sour ces each irsaitivdcmgert iffosuidue Yo thormad éowsesadndng ongact i ve power on denand.

Each of the renewabl e energy sources is 4 in communication wth a central
control Iing "Net mré@%@%%ﬁbr&f%@éﬁt) resice s W%ﬁ%@%h&%&%@gcq ghctive

pover product gﬁﬂzepmorvﬁﬁg"iﬁbéu%h GREK s SRVE GBSussddSn NBIMRESORRS Alacils Centre
receives a request froma utility conpany (1.e. a power provider) for a

requi red anoumppowef cogabtiiaeof)andor ciaatibg ae sippregsate endiat wb ckmpsa@ig ons
Centre cahﬁulate% an o tigﬂn1rea%tive Fomer.contribu%jon reguined rom each
of the renewalf¥ 1@%’1‘)&& P1Es SCHR ROPVEr PUPRIEHY 2B FHHBE SUPENIAEN {8k essar y
CO”Den$at|0n,r&ﬂ@vé@ﬂdﬁrﬁQﬂMﬁBﬂﬁmﬁ@Mkﬂ@vﬁ@ﬂﬁm@Qk@nﬁﬂ@ﬁﬂ%ﬁ@ﬁkm9ﬁ§wmk.
accordingly. This provides a nethod of actively conpensating for

current - vol t ad®r pramplediaf pasy@ndetton may usaybablks pf espasttoispandie mdugietswor k.

However, the s¥%%§nao%7USZOQ%/02909 4A1 req&kre§ &%ntral Fqntroltqqg cannot

react to nore " P1%%H(gﬁﬁhgéém%%wl%%%?oﬁb mdFVWvol?%6%96u g phase

di fferences. reactive lgowics cantrivd}ies tof ahe tfoevcprsesiont Howewr] eductioe bwkeast
mtigate sone of the praoblenms of the prior_art. 15 Summary of the Invention
15 compensation is effective only at short distances (due to e.g. thermal losses),
and, furthermore, the current-voltage phase difference may vary significantly
from location to location within the electricity distribution network; this means
that reactive power compensation at a small number of large scale power
providers does not effectively compensate for localised current-voltage phase
20 differences.
Some large scale consumers of reactive power may also use some means
of minimising their own reactive power contribution to the network by using
supplementary devices to compensate for the reactive power they generate, such
as switched capacitors or an unloaded synchronous motor; indeed, some power
25  providers encourage industrial consumers (such as factories) to contribute less
reactive power by charging for reactive power contributions in addition to real
power consumption. These methods all focus on minimising the contribution of
individual devices to a current-voltage phase difference in the network.
United States Patent Application US2009/0200994A1 describes a
30 distributed system of renewable energy sources each including circuitry for

generating reactive power on demand. Each of the renewable energy sources is



In accordance with a first aspect of the invention, there is provided a
reactive power control device for use wwth a power device, the power device
bei ng f orwoansumvssg power from or providi ng power to, a@&oTdrPeatinsssiay 20
di stribution network when connected thereto, the reactive power control
devi ce conpri si ng: detecting neans,for detecting, at the power
device, a reactive power characteristic 3f electrical power flow ng in the
el ectric power distribution network, the reactive power characteristic
relating to a reactive power 25conponent of electricity flowing in the

el ectricity diistconmuiiontiowwidr & centnal controllirtgoﬁNﬁmorlﬁégma@msa oEtE’, t 0
control, on th ; a%js 9ﬁ th%ld%tg%quzr%g%%iwgdﬁﬁﬁprbch%%acgqri%&kc a
reactive povverwc8nt FIBY 0¥ P8t AECRY B O ci?? S Phut"sh th%t%\/or%y by the
power device, s50rcd$ tThealjetiedrk a0p@htichso€ chthe reteives taeebqueactromea RONEY
characteristic. 30By controlling provision of reactive power at a power
devi ce on t he BHYRBY GFC. 2 PRt PIPEIASHWEF actedpised ampyrti f weaesigr RV thade at
the power devig n.geet%%NéwBMBR%Q{i&%r@ 10 &L ﬁét%}u{!ggacii% pbREA!
variations in reactive power. e reactive power control device enables
conpensati on foontribhase rbqdak frami aidhoos thchraghblautreagneowcstanhddri on of a
reactive power contribution based on |ocal neasurenent, and dasnot require

central contr PRSP Brodpes FsaNeSTBRIEN rRmPSIsatione 1Watdily SOBIRAS (diET ol
device is arrapgg&pio eﬂ&%&%ﬁhﬂ%@s %cé’d'i‘&iﬂglgpf Thile pRRIRE tLtheHIRACHT Y& iRANeT
characteristic and conpare the determ ned valug w th a predefined val ue,
and the cont r compessasing Somcuramgradlitige mont ddfer¢dves thwactdyviee pewent in the

contributjon so,as,tq reduce, a differ he detected val ue and
The. pr edel €1 mibibta HEFEE Th S arha Lanned DeUEEan EahfiscrnGanioRioE an be
arranged to coplir@hn® RAVEH AW RaliRdPERANGEI]JcRRAtWSE REMBI-G@RKT I buti on
whi ch drives the reactive power of electricity in the electricity

di stribution rbesotifcrcaoesr ds a predet ermi ned optimum val ue. The reactive

power characteri st iRy o‘tr)j%étaotfe thg %rgsegth%%eentldolnf tfoeart O%F mitigate some of the

problems of the prior art.
15

Summary of the Invention

In accordance with a first aspect of the invention, there is provided a
reactive power control device for use with a power device, the power device
being for consuming power from, or providing power to, an electricity

20 distribution network when connected thereto, the reactive power control device
comprising:

detecting means for detecting, at the power device, a reactive power
characteristic of electrical power flowing in the electric power distribution
network, the reactive power characteristic relating to a reactive power

25 component of electricity flowing in the electricity distribution network; and
control means arranged, to control, on the basis of the detected reactive
power characteristic, a reactive power contribution to the electricity distribution
network by the power device, so as to adjust a value of the detected reactive
power characteristic.
30 By controlling provision of reactive power at a power device on the basis

of a reactive power characteristic measurement made at the power device, real-



15 between voltage and current of electricity flowwng in the electricity
di stribution network; the predefined value nay conprise a predefined phase
di f f er encwoval wia7852 Preferably, the reactive power eoFEPaE@WESIN0 devi ce
is arranged to determ ne, based on the detected reactive power
characteristic, whether the 20 reactive_power conponent is nore inductive
than the predefined value or whether it s nore capacitive than the
predefined value, and the control nmeans is arranged to: control the
power device to contribute capacitive reactive power to the electricity

di stribution rengerrpénsatrasEorkseprovided destleeativasatian inheactivhgodet ethed

25reactive powes conpenent, s JIRre JAMCLL¥S 10AR, YhesRrereli ned ual ue: and
control the power HETNEE LU S ICHUERST SAURETRFECR dUcPFFe 6omerzﬁ8 Y he

electricity dithiouplputioadmbes waridtion ofr £EROMEEpdWeracodaitrtioh matddosn tdwal t he
detected reactive power conponent is nore capacitive than the predefined
val ue. Thus, tREsySEER ged Ao RRtCayRHp@REat jodHoHevi ce may control the power

30devi " . et i S : .
the ol sotri ci Ty di SLF B b chRrHE kX E bR BBk MEEP R YT 1 1
det ecti ng neans degraincangdae bdthdaicettedarcadiprgewich chiractegait dndecopwes

characteristic, and the cqntro means iﬁ %Lran ed to change the reactive
gt

power cont ri bub§ BrcEynedalag @i a Rrpdsfing PHANG; 18R CHETAAGRIRNS [Sr2a8%bnse t o

the detecting {geaRsoIdRL ?&E@i@@g@wy GRBitBR s8fasBo YRHUKE aQfifrlRfcd BRGLELYVE
S5power characteristic across t hreshol d value. Preferably, the control

means i s arr anpedetedsed value andcthapgelewrwaledealof. t he reactive power
contri but @ to the Ieph%icit{ distribuhjgﬁ netmor? gﬁ{the ower qevice
froma fiF&t predet Y5 TY T OBUBDAEY BT S8k 8 IRREEH Aol
response to a psaletBete foRodiRlcackedive @Gt ¥éhtribution which drives the reactive
power of clectricity in the electricity distribution network towards a
predetermined optimum value.
The reactive power characteristic may relate to a phase difference
15  between voltage and current of electricity flowing in the electricity distribution
network; the predefined value may comprise a predefined phase difference
value.
Preferably, the reactive power compensation device is arranged to
determine, based on the detected reactive power characteristic, whether the
20  reactive power component is more inductive than the predefined value or
whether it is more capacitive than the predefined value, and the control means is
arranged to:
control the power device to contribute capacitive reactive power to the
electricity distribution network in response to a determination that the detected
25  reactive power component is more inductive than the predefined value; and
control the power device to contribute inductive reactive power to the
electricity distribution network in response to a determination that the detected
reactive power component is more capacitive than the predefined value.
Thus, the reactive power compensation device may control the power
30  device to compensate for either inductive or capacitive power flows in the

electricity distribution network.



10 power conponent changing froma value less than a first threshold val ue
to a value greater than the first threshold val ue; and change t he
reacti ve wowerl/aesseri buted to the electricity distributiPpom/Eretmosdsiby t he
power device fromthe second predeterm ned value to the first predeterm ned
value in response to a value of the reactive power conmponent 15 changi ng
froma value greater than a second threshold value to a value |ess than the
second threshol d val ue, the second threshold val ue having a nagnitude |ess
than the first threshold val ue. This provides a hysteresis in the
provi si on of react ilvesopmwembpdiments, ghe cietdcting ynefingt isi dreaniget toedaient ka
preventing oscillations oceurring in the 20 nctioning of the device, and
G St upti ng. carPaNE PG reRr e 6P shir e s R RPN SRS frpete

Preferably, th@agQthéadacieapsyirscoatribafiget the &éwngt? difigibuteacidtwerkpawer in
response to a predetermned tine period_elapsiﬁg after the detecting nmeans
detects the cH&MGBESY te thpdcieating moensglpiRsting paraasifien of v valuerafi the sga66verr event s

250sci | | at4 on%owepgﬂﬁgét%gsﬁi %E{oggyﬁﬁ%%&m ijhe electricity flowin the
system N “sone enbodi Hen S, e electricity flowng in the
electricity distri Rutfcodlyeionkoconptsiis esarmpedad:t ernati ng current

electricity flow haying a predeterm ned. period, and the contrql nmeans is
arranged to controlc\ﬁ%n%evﬁt%‘ilen@f anSagty C st F%Wluti?‘ﬁttér‘ihﬁp?lecﬁ?@@i si on of

pover to the pEWEHuERVIGRRUY 1Y RRRr 30GEe MRhEa BRE O berRinddNBiluc to
predeterm ned period. In song enbodi nents, the control nmeans conprises a

current nodul atéand predetsrmised tvabs putesponst dbha veldal aft thendefeatlansctiend t he

power characteristic conprises.a duty cycle characteristic,pf .the power of
Phe pover | Conditipt cOmoRE Eameint fromp, S5 s Mo EMETHBHEVBbiee Bevi oo
conprises a pQﬂﬁk}%&@&hﬁMﬂ%ﬁ@@M&ﬁ@ﬂﬂﬁdvﬂﬁ&%mglng electric power to the
electricity distribution network, the 5 power provision device is arranged

to provide a directchenger éist reagie Phwce saniribbtedendhd slegiricirgdistribotioont rol a
direct curr entne%v(\?orﬁlt}yetﬁlgaptoiwrég d&rtd ?r%%n RQMYE ilg)rgdeqeer%rsléd value to the first
predetermined value in response to a value of the reactive power component
15 changing from a value greater than a second threshold value to a value less than
the second threshold value, the second threshold value having a magnitude less
than the first threshold value.

This provides a hysteresis in the provision of reactive power to the
electricity distribution network, preventing oscillations occurring in the

20 functioning of the device, and disrupting current flow in the electricity
distribution network.

Preferably, the control means is arranged to change the reactive power in
response to a predetermined time period elapsing after the detecting means
detects the change in the reactive power characteristic. This also prevents

25 oscillations from being introduced into the electricity flow in the system.

In some embodiments, the electricity flowing in the -electricity
distribution network comprises an alternating current electricity flow having a
predetermined period, and the control means is arranged to control a switching
means to selectively interrupt provision of power to the power device during one

30 or more portions of the predetermined period. In some embodiments, the control

means comprises a current modulation means, such as pulse width modulation



The reactive power control device may conprise nmeans for detecting one or
nore electricity quality characteristic of electricity flowwng in the 10
el ectri ciwg 2diigidrssbut i on network, and the control neansPCI/EReeiangssdot o
control a characteristic of power provided and/ or consumed by the power
device so as to alter said detected electricity quality characteristic,
wherein the detected one or nore electricity quality characteristic
conprising at |east one of; harnmonics in the electricity flow, random or
repetitive variations in voltage network 15 inbal ance; oscillations in
power flow, t magsb.emdghe powtreclpm@ansfw ownp¥eg s, dusyrbyadé ﬁhﬂﬂr@@emwtdféhq)r esent
i nvention may be usg&»to correct l.ies in an electricity distribution
networ k ot her FRah° reS@Plsranﬁﬁgp ga ‘¢t eristics. The power

provision device fah sbﬁﬁvérﬂbd’&@m%t@Cﬂllélp‘oW&@\&%{ncé Qofﬂpﬁs@l £ebivee ptowision
di stribution network, the power provision device may conprise at 20 | east
one of: a photdsVise ey aroqéh@g slerwis RRWAT de, the clestrisi St@blé&nr pEVQRKhithg e, a

personal e ectylg, gkocvé&&? d@xﬂ‘c" éjr%&e& ket {o%{h%"%fr&t QNAEQY afPHCEHNFYFN as a
CHP power ‘generati evi ce. e dBV) € may conprise a power

provi si on devnﬁ@manjaﬂgQ&dUO(phﬂwhddnampﬂm&htkDaﬁ&ﬁMﬁ@ﬁﬂﬁﬁhﬁb@%@mkm
distribution network of typically up to approximtely 10kW as the state of
the art all owd™®®5| n sone enbodi nents, the electricity distribution network

conprises a transmggi Qe I%V@é?dcd%trgl ﬁE%bé"rﬁa!y%bn%ris@mEaﬁﬁ fof %@é@ﬁé%s' on

grid being connected to the distribution grid'via one or nore transtorners
and provi di ng cakect mare pdewtricitsheuelity, cleanabtériseic dofs etectrisity oflogmigd irprtiovi di ng
power to pIu allt opestic nd/ i ndus r|aI users erei n the power
vt ce. 1t or itttk Syrisaiuibs “eR0 and pe BT ahdis pofsrieet 1 eiptor's

di stribution %hﬁcteﬂimtsof &W@%é‘iﬂﬂécﬁaﬂ/oﬁd&%s@ﬁ&ﬁ@ﬂhe’ PR tdePide R&Ys Re used
inatransmssion grid, for exanple in a 8 | ocal C|téanetm0rk Thi s

enabl es a cor radet pajé d@t@med |ekmtrlcdm cm@htbechrm@rlmc Ivei@,fmmrt detpated paaver f 1 ows
in such net V\Drrﬁosre clectricit ua?? ARG st1 com 1tnheatrl a toné/e ower 1%§)nt rol
devi ce conprises a co n% 3 6he |n% Pfgc@h§ £ q %gl 8 an TR vat i on
signal from a te@ndléddticiy TRM;r éandamd ol hepetititer @hnammrssm &oaag@ng@dzoﬂ@
performthe caontrol of reactive power contribution in response to receipt

of the acti vatimbalageeysrillgtionshin peweiIAPYattfa8HENE Hhethe oaver vs eHubsl es a
central entity erﬁb%dﬂféﬂté’@fﬁ;b?}gésegl rﬁ%ﬁﬁéﬂ 'R,Gon&seQQS cBIFre&%Smaﬁ@scﬁl' ME pover

control devices S nmay I'n appltications of the present
i nventi on wheroecgiatypkstabuticmactwardk qnhnmﬂharﬂewatwe$0m9chh®amdc$ 0 provide

reacti ve power co nsation on an o d basjgs, exanpl e as part of a
schene in which rgg@‘te VEVEOEPVIPIE s HFY:}C? Of PrayEte: i geCHHiNéP Fol?i & }gﬁ‘r

electricity distribution network, the power provision device may comprise at

20 least one of: a photovoltaic generation device, a personal electric vehicle, a
personal electric bicycle and a domestic renewable energy source such as a CHP
power generation device. The power device may comprise a power provision
device arranged to provide a power to the electricity distribution network of
typically up to approximately 10kW, as the state of the art allows.

25 In some embodiments, the electricity distribution network comprises a
transmission grid and a distribution grid, the transmission grid being connected
to the distribution grid via one or more transformers and providing electric
power thereto, and the distribution grid providing power to a plurality of
domestic and/or industrial users, wherein the power device is for consuming

30  power from, or providing power to, said distribution grid. Thus, embodiments

of the present invention may be used in a transmission grid, for example in a



In accordance with a second aspect of the present invention, there is
provided a systemfor use in controlling reactive power flowin an

el ectriciwg 208/drsseri buti on network, the system conpri sipog/ER2@il®5ss1but ed
plurality of reactive power control devices as described above, each
controlling a respective power device cognected to the electricity

di stribution network. Enbodi nents of the“present invention may be

i npl enented with distributed groups of power supply devices arranged to
col l ectively provide conpensatory reactive power 20conpensation to the
el ectricity diletal pheity netwaek wblik endthes ssgasteshyhregntabywndoppmiasie ta laseht r ol
centre for ser}rdai1 ng t he 1raﬁti Vl‘%ti nnstiwgrr](al to each of the distributed
plurality of r%acct?pgwﬁov%‘?s Colt? 87 "GEVT ces. In preferred

embodi ments, di f f ergnonenasbafimeite, Melicadtivieypdiferr@aabi vevipovemphaatd ol
devices are arranged to initiate performance of the control at 25 different
interval s af t sPMIREEGAliORY intREacec fory ERCPyHIEs pyy rRfivation; sigpslelfam: 8 anfrobf t he

I it ¢ . ¢ . . . , .
Change | b ol eRth 5 Ty RGB! KERRIS, Bl AR TR o o A o k.
I n some enbodipwert Scontriteitiveadt irsspomewer reaiyitr of thkewictiegionorighalses tieans f or

nmonitoring one or npre performance characteristics of a respective 30power

devi ce, and fSPIEHERCHHQDT dRCHR G g T SAYEES RoCPFEhSMIY WatdVeldrRESS ve of

the one or norge,RRLICSMBHAGE HARTEELSE peivECodritol REviEQN i Ohat BRsERul fhe one
or nore 9 performance characteristic conprising at |east one of: a val ue

of a det ect ed apphacttiousophibwgresctnpoameion WHemngmgps of rehcivelpevter daoii¢op are

distributjon network, an amouynt of reactive power provided obthe
el ctrioi 1§ ai'Srd P RRe HERBFT By rac T BETBRET " sBa BUPE it BF s of
per fornmance OfexhMBlcCGRMartQf aQEhdMOMI WhiBR r@ttiv! SARITY Sol® MR electric power
provider.
In accordance with a second aspect of the present invention, there is
provided a system for use in controlling reactive power flow in an electricity
15 distribution network, the system comprising a distributed plurality of reactive
power control devices as described above, each controlling a respective power
device connected to the electricity distribution network. Embodiments of the
present invention may be implemented with distributed groups of power supply
devices arranged to collectively provide compensatory reactive power
20 compensation to the electricity distribution network.
The system may also comprise a control centre for sending the activation
signal to each of the distributed plurality of reactive power control devices.
In preferred embodiments, different ones of the plurality of reactive
power control devices are arranged to initiate performance of the control at
25 different intervals after receiving the activation signal. This prevents all of the
plurality of devices from activating simultaneously, causing a sudden change in
electricity power flow in the electricity distribution network.
In some embodiments, the reactive power control devices comprises
means for monitoring one or more performance characteristics of a respective
30  power device, and for each device being arranged to transmit data indicative of

the one or more performance characteristic to the control centre, the one or more



Additionally, or alternatively, the reactive power control devices may
conprise neans for neasuring an electricity quality characteristic of
el ectriciwp2bliomissg i n the electricity distribution networkpP2ansdssach of
the reactive power control devices is arranged to transmt data indicative
of the one or nore 10 electricity quality characteristic, the one or nore
electricity quality characteristic conprrsing at | east one of: a reactive
power characteristic harnmonics in the electricity flow, random or
repetitive variations in voltage; network inbal ance; oscillations in power
flow, and tramsienmgninchadrectpuvies cémpusinghit deashabe e a vdueohrrdstectshtre to
obtain data relating to neasure ts. 15 d t.varj.qu i stributed points
Chr oughot -t hdeGrEtedr Py AP LRI TRUTingn TB SisPiic S i Ruh™ bk G Labi o
for a power prandudens fdactipéwéd pigvided (the detdiity OREibufioh nexasmIts: a
In accordance with a third aspect of the present invention, there is
provi ded a net/BEECHE P device ard Hnes phperfargrnss/ef the wantreljodwrqvasiamn of
electricity ZQeefgti%\%\éBleIi on network connected to one or nore power devices,
the one or nore power devices being arranged to consunme power from and/or
provi de power to, tAdligbedlyt bcaltynativaly,itbeitreanivogiower kontrdledoviichathy
conpri si ng: detecti Eog,mat t he power. devi ce, react i ve. power

I

charact er i st i COBIPTIS BIFRT LRMPSHERE 1] FGFIHG!Y AUEIHY Cap@EiCFitic ricity
di stribution ’}%Mn%‘fn el RBRY LG RRonRRAREHCRRT ARl B huctisb Bbiven to @

reactive power conponent of electricity owng In the electricity

di stribution rmetntwol &svieasdis arrangedgnttrapishindgtaondichevbasitke ohetdrendest ect ed
reactive power characterjstic, a contribution o eactive power t.o.the
ot ri of [0 aierRagtghdmbeteesgs e e glasiriay i ERiGeutie, o
val ue of the dghpeitRg dteREdiohe POWCFeadBehpswWE! Bfarsddrfstic MhBmonics in ftkd t her
features and advantages of the invention wll becone apparent fromthe

fol | owi ng des@ldcprdiaflay; prédreor sxpctrboditmaiiong ibvoltdgs; hetwenk inabalangicven by
e of _exanpl & ok ¥snsH pSet Sl BHR Mnkilnds $l #5AGR: H3w! e acconmpanying
raw ngs. 5
This enables the control centre to obtain data relating to measurements
15 made at various distributed points throughout the electricity distribution
network; such data may be valuable for a power provider in monitoring network
conditions, for example.
In accordance with a third aspect of the present invention, there is
provided a method for use in controlling reactive power flow in an electricity
20 distribution network connected to one or more power devices, the one or more
power devices being arranged to consume power from, and/or provide power to,
the electricity distribution network, the method comprising:
detecting, at the power device, a reactive power characteristic of
electrical power flowing in the electric power distribution network, the reactive
25 power characteristic relating to a reactive power component of electricity
flowing in the electricity distribution network; and
controlling, on the basis of the detected reactive power characteristic, a
contribution of reactive power to the electricity distribution network by the

power device, so as to adjust a value of the detected reactive power

30 characteristic.



Brief Description of the Drawings Figure 1 shows a prior art electricity
di stribution network; Figure 2 shows a reactive power control device,
a power cwWO0NpI4rss2 and/ or provi si on device, an el ectri ecrEPddIgosssbut i on
networ k and connections 10t herebetween, in accordance with an enbodi nent of
the present invention; Figure 3a shows p@Mer consunption cycles of a power
consunpti on devi ce; Figure 3b s a first type of controlled
power consunption of power by a power consunption device in accordance with
an enbodi mrent of the 15present invention; Fi gure 3c shows a second
type of controll ed fyother feebmeuanst adnnaiepoivhe ibyerdiopovidl besomsappeicoh devi ce
i n accordance it enbod nent. of .th resent .1 nvent.i,on; . . _Figure
30 shove at hilTi By aRIGTREGIE BB B R E SRR TS At LR pusnden 2885 pover
consunpti on deyi &gy iofh cREAPleEME ewhich s amhde rbiaidkdtehcOfo thieacps@paiVing

i nvention; Figure 4 shows a reactive power control device, a power
provi si on devidavingh el ectricity distribution network and connecti ons
therebetmg;n, in accordance with an enbodi nent of the present invention;
25Fi gure 5a is a graph showi ng voltage versus tinme at the output of a DC
power provisi @rid@®wiscéption of the PBragwings 5b is a graph show ng the variation of

voltage with tine at termnals of an H brjdge controlled by a reactive
power control devi Eéglaséghwmprlﬁr%rfﬁlieis%lflt}&g&&ﬂhwoaeew%ence with an

enbodi ment of the prggaent sHoweNtda@five power control device, a power consumption

and/or provision device, an electricity distribution network and connections

10 therebetween, in accordance with an embodiment of the present invention;

Figure 3a shows power consumption cycles of a power consumption
device;

Figure 3b shows a first type of controlled power consumption of power
by a power consumption device in accordance with an embodiment of the

15 present invention;

Figure 3¢ shows a second type of controlled power consumption of
power by a power consumption device in accordance with an embodiment of the
present invention;

Figure 3d shows a third type of controlled power consumption of power

20 by a power consumption device in accordance with an embodiment of the
present invention;

Figure 4 shows a reactive power control device, a power provision
device, an electricity distribution network and connections therebetween, in
accordance with an embodiment of the present invention;

25 Figure 5a is a graph showing voltage versus time at the output of a DC
power provision device;

Figure 5b is a graph showing the variation of voltage with time at
terminals of an H-bridge controlled by a reactive power control device operating

in a first mode in accordance with an embodiment of the present invention;



11 Figure Sc is a graph showng the variation of voltage with tine at
termnals of an H-bridge controlled by a reactive power control device
oper at i ngworeoa/segsend node i n accordance with an enbodi remEPRF110BS1@r esent
invention; Figure 5d is a graph showing the variation of voltage with tine
at Stermnals of an H bridge controlled hy a reactive power control device
operating in a third node in accordance with an enbodi nent of the present

i nvention; Figure 5e is a graph showing the variation of current with
time of current provided to an electricity distribution network by a power
provi si on devi ce cdigurel jeth bygraph shewingethgovesiation ritfr wiltagewide topeeat i ng in
the first mode.in, J08pcondance o thian, erhediient, Ot 4Rs Rl e sht ket | on:
Figure 5f is a grapﬁ show ng 8" Varatio PPy Ene ERVIEY SR8 % ur r ent
provi ded t o annelseshdingdde)in dt@lrddndd ivitranteibodiked b f theRREMRAt Ak EMHoa] On devi ce
controlled by a reacti vre;%gower control device operating in the second node
in accordance with fagirentsodi Aegiapibshewmepthe semtatippainyqlisge WitlFitig et 59 is a
graph show ng FAal o0 t W . i to an
el ectrici \t/\gy dité\{i]‘ﬁ}%gﬁ%{n ne O%rcéh%éﬁ%b ov\lt/eelr(jwt?ore V|@F8§ﬁ%\%ilggég%%&?oﬁdl ed by
a reactive poven tiiehinodt indevodanapeitiatn agbodinicheofsee predemdention;accor dance
w th an enbodi nent of the. present invention,; . Figure 6 %'s a flow

di agram showi ng st dps"peF vt A8 B@P‘é&mgé%f‘cﬁf%mb%ﬁfﬁ%wéfg‘ﬁ{f?%? Qe when
control |ing a Rowed GRS WIRIAR, ANEiRAioR" RYNSHKOBy deNbk& hlavRGHOEdARCcE Wi th
an enbodi nrent of the present i1nvention; and Figure 7 1s a graph

showi ng neasurcedtrolétdaby k reectotel pew@owmatrol desins opemtnatiedhe dastmode power at
a power cphsunpti qn and/.or %{}@ﬁég on evice in accordance with an

enbodi ment? of ¥HE ?}}ng%lm ar ment of e présent invention;

Figure 5f is a graph showing the variation of current with time of

current provided to an electricity distribution network by a power provision
device controlled by a reactive power control device operating in the second
mode in accordance with an embodiment of the present invention;

15 Figure 5g is a graph showing the variation of current with time of current
provided to an electricity distribution network by a power provision device
controlled by a reactive power control device operating in the second mode in
accordance with an embodiment of the present invention;

Figure 6 is a flow diagram showing steps performed by a reactive power

20  control device when controlling a power consumption and/or provision device in
accordance with an embodiment of the present invention; and

Figure 7 is a graph showing measured network reactive power versus
generated reactive power at a power consumption and/or provision device in
accordance with an embodiment of the present invention.

25

Detailed Description of the Invention

Figure 2 shows a reactive power control device 200 for use in controlling

a phase difference between the current and the voltage of electricity flowing in

an electricity distribution network 1 at the location of a power device 202. The

30 power device 202 may be a consumption device, for example, a low power

consumption device, having a power rating of less than 500W, such as an energy



Det ai | ed Description of the Invention Figure 2 shows a reactive
power control device 200 for use in controlling a phase difference between
t he curr ew0D 2andi4vdse vol tage of electricity flowi ng i n arCelrPetiosssuy
distribution network 1 at the |location of a power device 202. The 30power
device 202 may be a consunption device, for exanple, a | ow power
consunption device, having a power rati of less than 500W such as an
energy 12 saving |lanp, a nobile tel ephone charger, conputing device supply,
a nmedi um si zed power device, having a power rating of between 500W and
10kW such as savipergopat mebdeti¢liphone vheiger, (CPEW)ting devce sunpdy, pomedivudevi ce,

havi . i f . th 10kW. i i al hi
acated at o PEEnopy e foviGhbiyhed PoRgr HRut Pl ORI R)HEE

si ngl e- phase arpeionti clEdtAs €chitld (P1DE), loakifpe faser ddtocaRave; PPOREr radid Ngs
apply per phase. When t he power device 202 conprises a power

consunpt i on de¥ineae HpelOkVe, syelppy indystiial mpchingsdacatsd\at e daery. flf ghpviche
electricity distri ' el C ' € tm of rnating
current, §%chtégﬁgggﬁhﬁ@%?§g¥8%§§%$gﬁﬁg¥§ﬁ%£§ﬁ%%3%F$h&%’ﬁl&*%%ﬁ%gagf devi ce
202 may al t er nh¢ abosk pooarr addpd apphapényphagarpri se a power provi si on devi ce

t hat provi des powe o the electricitﬁzdistrjbution network 1. The power

r .
provi si on devi ces &Mberbéhhﬁppwg%r 4oPeRneP? FOMATAES BrPA | CESYRBHOgERfat es
power usi ng, IlvPiaBhiedPBOIRVAG! Gyl b1 fn Ithe TR CATPbLASH 2

device that sinply stores energy and releases It when required. Sone
devi ces may fgmcmnkd,bnﬁhﬂagnahpdmaroﬁamshmpﬁﬁmmc@nmﬁpawhmda&hpmm@bl

provi si on, devi ce; f.or exanple, personal electric vehicles (PEV) typically
have the ggpaéﬁ??“&%g§W8W% a large amount of electricity. This neans that,

in addition to bei ngheCHRE&NBESCODOPANEY altbMENYVERbrbLIdSSRAIIRScomprREr£e of
power for the 20 network at tines of 'high demand, with electricity stored

in the batt eryosfr tieviPRy BeMiery thas dprosislks tnyvich eton rewelektrigity sdisthibuiiores .
I n enbodi nment s 9fokhf H%%sqphﬂiqgegtiq&wk%h%n¥OMQ5rg%ygce %Qoehgaﬁ%Pically
connected to the distribution d?|81T62 par? 05'f%epeTec§PFE|§% I'stribution
network 1 descikiiedhab@neratdst poweefigimenésr &aniplgustdtobolthiorcetisasmltenip a

| ocal 25network such as a city network. ) )

15 comprise a device that simply stores energy and releases it when required.
Some devices may function both as a power consumption device and a power
provision device; for example, personal electric vehicles (PEV) typically have
the capacity to store a large amount of electricity. This means that, in addition
to being consumers of power, they can be used as a source of power for the

20  network at times of high demand, with electricity stored in the battery of the
PEV being fed back to the network at such times.

In embodiments of the present invention, the power device 200 is
typically connected to the distribution grid 102 part of the electricity distribution
network 1 described above with reference to figure 1, for example to a local

25 network such as a city network.

The reactive power control device 200 may be implemented as an
integral part of the power device 202 or a peripheral device thereof; for example,
it may be implemented as part of an AC/DC converter for a mobile telephone
charger or PEV. In other arrangements the reactive power control device may

30 be implemented as a stand-alone device, which can be connected to the

electricity distribution network 202, and to which power devices 202 can be



The reactive power control device 200 nmay be inplenented as an integral

part of the power device 202 or a peripheral device thereof; for exanple,

it may bewonpliewessted as part of an AC/ DC converter for paTmeiiiessseé ephone
charger or PEV. In other arrangenents the reactive power control device my
30be inpl enented as a stand-al one device,, which can be connected to the
electricity distribution network 202, and to which power devices 202 can be
13 interchangeably connected so that the power device receives power from
and/ or provides power to, the electricity distribution network 202 via the
reactive powerinigtshengsablyeopnnect@0®. thatthe prenpdeice reecivssippevep ey, asdiot r ol

devi ce 200 shaown .i,n Figur 5 ,conprises.a.reactiv r ter 203, a
cont rol —uni ¢ 3uaitdh, GoRHL . Ak o ERTRRL ARFUG I BN PR Rl B Fcfier
meter 203 det gpin@r afdrordasité 830.a reactive power characteristic (RPC)
relating to a reactive power conponent of power flowing in the electricity
di stribution networ khe exgmplagy fegetive pawvdf caniel devies 20@phewn ZpFiguge

reactive wer . ] i Q%% . r i.ch i

comonl y Pgun Ogﬁ&%ﬁﬁéggf%%%%g%ﬁg%%g( Eghgﬁﬁ%ﬂﬁﬁggﬁga%%?fﬁﬁ?%ﬁagﬁ.lanneter
conmbi nati on, aiedica ZRocKhe whictihe PeastmectatoR@3adetcandinduneanicsaf rekged ricity
inthe electricity istrLbution:?gimprk 1 at the location of the power

devi ce 202, am@Mel FIHGCtEHsCadtidr) ©lating tPrFastve BPWEhgOBRMERt QEPPYE! capabl e

of measuring FHACGHH Wi BRWELItG RALAGHRI SOl diNfc S&RbS Iofithy pblvei ng in
the 15 electricity distribution network. The reactive power netgr 203 sends

measur enent sidgmek 2000 The reative glowenithet@20203 mahyc edrnpescod pREREs détectdet ect s.

The neasuyenent. .signal s i ncl ude data, i pdi catjve of .the ni t ude and/ or
Son (o ol e N hatughy it et Rt opabLY Sl ® PR LT v
power conponeninma&@MasybRhtibhCafdh! QWEGwBXRNRELSrAKBItARS hid Rty b
reference to a detected phase difference; however, in sone enbodi nents a

di fferent RPColefridly ddhe clesticandlisigbetianonaeorkr hishthedopaipa affthe peweeact i ve
power control devi 200, ..for examl e,.. a nagm tude of the reactiye power
Pomponont . or GiGuRe P fibfhe PR Sigk FRE, b HR fIncdPREBHIEPEOI T
described her ghgustf@d at RRcE poRAE ichi@ctROVRY offBhelclatB&itymaas e sn tied
"detects" a RPC, this should be understood to include cases where the
reactive powercloeii@ly Zogribition detvarkt a The t1sactbEntioeBer umpter 2808 f5e8é whi ch

the latter m%n&*‘s‘ﬁrie}h%nf nghdﬁp fo thfe%rogﬁe)(lalﬁm 04 ﬁlﬁf‘ca{i%‘?f itzliés F?todg‘?écfté?effr‘ 203

may provide the contro 't wt ata I1ndicative o I mngs of pea
vol t age and peadaseenmreentigodls alalyancladé deta podieativicl afwha gnaghgudOeldéatgigrei t y
distribution Qle.é.W(\?vrhléth%f tLé OCrlrlll’rVe\ﬂ‘E a?gst gre l(e:a? st ‘Eh%l Vgltc]ailé[e) 200f4a n%%ct?veer i]p\o/vevefrjl phase
di f f erence.
component.
20 Many of the following examples are described with reference to a
detected phase difference; however, in some embodiments a different RPC may
be detected and used to determine a mode of the reactive power control device
200, for example, a magnitude of the reactive power component, or a power
factor of the clectricity flow. Further, where it is described herein that the
25  reactive power meter 203 “measures” or “detects” a RPC, this should be
understood to include cases where the reactive power meter 203 provides data to
the control unit 204 from which the latter may derive the RPC; for example, the
reactive power meter 203 may provide the control unit with data indicative of
timings of peak voltage and peak current of alternative power flowing the

30 electricity distribution network 1, from which the control unit 204 may derive a

phase difference.



14 The control unit 204 conprises a processor 206, a data store 210
and a communi cations interface 208. The processor 206, which nay be

i npl enentwa 2a61/147852 exanpl e, a programmuabl e devi ce or uPCMEPIIINPES16 0gi C
circuitry, receives the neasurenment signals sent by the reactive power
nmeter 203, and, based on 5 these signal Si4 determ nes a current-voltage
phase shift of electricity flowng in t & network and sends contr ol signal s
to the current control device 212. The data store 210 nay be used to record
data such as data indicative of neasurenments nade by the reactive power

met er 203, control Wicgoalrs! swhf04hyomhasesraopresssoer atdgta $tereciiiOrandta cont r ol
devi ce 212, and, 5080l udsh0: Hok ShaG80 k0 o 986 TR Rl 3t e g auni cat e
with a controlCEntYE s provi e Pt W thOgat%a g’c‘grae(ﬁnlyn 'R dara st or e
and/ or recei vesafol xahplon plgdfaimstadtvivesd Bhgdigprl 18gicrcatuitdyereornty ol
centre; the control centre and its_ interactions with the reactive power
control devi cébe fepsurpaeriesignalhasat by thoFreactes apVeBrti20Thand basednn cont r ol
devi ce 212 recgl n S r . - based on
these si oral o TebaTaRs CeSim L PRR el LB Ae BIESPRROickI R 12502
such that the thowettvodleund acizldZconant sighals es tlee st icorgalveicef21@w Tioe t he
electricity distribution network 1, the reacéﬂi{ve power flow confribution
fromthe powerdefedi®e 310 e § Y¥rdeld dacord d4te pdichaay bo ]GV o

i nductive povwgheds QMR MRl tHE BT St i &B2080LSRQE siRAS Serfl bl ik ence
20t owards a set optinmum val ué, as di scussed bel ow. Exenpl afy

oper ati ons of préessur206rio thontnralt cdetvolcdevRE2 18 end eevode sk @ dnteithée

reference, to Fjgures. 3a to 3d, whi.ch show a variation of vplta i,th tinme
2t the poller qUBifRE by Sscepig copmipige Siffer FerfEt <Gt B e S

exanpl es i s assreall fnOthbelafh NOMEINIIFANSTRA hARNaHEY hf®oPBshctiSatioRf §idad to as
25 such; however, it wll be understood that the exanples provided apply

equal |y, nut atfiam phe eandtiol centes; proveantiph esitesi apd itheipfogassions with tharacEymded

areas of figures 3a to,3d .represen ri,ods of tisme when the current
control devtodoues e AEy EERHET e BT okt i TBelRee 205 to araw

current fromthe elBet cingtrtycalitdll r ddtidd QM2 NRE¥OEK cditrélngignnis haded tikg eas
represent 30periods of tinme when the current control device 212 controls
t he powerlTonuirgsesosr08ahilcleasedon these sighrlsocantiplseiirent Baw ttaandoe&op city

distribution 1f ESSWPB&%? 209 Hclf Pk rtgé BR¥%r Q@vi?@rﬁbé’rc’&g{?ibBYesoaof%@ﬁ%é’g a

switching device, typically a sem conductor sw tching device,
sel ectively cqomectfloant dicscloctrieity disrébypionarctwaorks Linht iroactide \oeer 22y t o and

fromthe electricjity distribution net . In this , the reactive
power control c&g‘@;{bg on g thg power develcéNS&( bg“lng sglected as cither a capac1telve or

an inductive power flow so as to drive the current-voltage phase difference
20  towards a set optimum value, as discussed below.

Exemplary operations of the current control device 212 are now
described with reference to Figures 3a to 3d, which show a variation of voltage
with time at the power device 202. For clarity, the power device 202 in these
examples is assumed to be a power consumption device and is referred to as

25 such; however, it will be understood that the examples provided apply equally,
mutatis mutandis, to power provision devices.

The shaded areas of figures 3a to 3d represent periods of time when the
current control device 212 controls the power consumption device 202 to draw
current from the electricity distribution network 1; the unshaded areas represent

30  periods of time when the current control device 212 controls the power

consumption device 202 to draw no current from the electricity distribution



5 vary the duty cycle of the power consunption device 202 such that the
power consunption 202 devi ce consunes power asymetrically over a given
cycl e, theoeby/adgsasti ng the anount of reactive power i PCpmreéldesssio t he
electricity distribution network 1, as is now described in nore detail. By
nodul ating the current provided to the pagwer consunption device, the
reactive power 10 contribution of the p r consunption device 202 can be
vari ed w thout using any additional means of generating reactive power,
such as switched capacitors. Further, the current nodul ati on nmet hod enabl es
a faster respawteorkd.chBngeentrel may homkrfoondi by oneratingn switchwgsddyice, wi t h

t hese additioqaL ans. hﬂ<§mf&fét qR%e oﬂEOﬁer%tio e&f fhe rg&gtiv power
control devi ce”P6b715" SHOWP I H E|gﬂYe 535, ¥ 8’p8mé$ con uﬁfplon d&Vi ce 202
draws current digconmdchene!mmter | conbumpticit devoé 1200 RetM@riord By efledtAgitywhol e of
the voltage cycle. In this node, the current control device 212 does not
exert any i nf|ddrRbEigmatwarkobwd thiowaunthe irnstivepprer amrof devicg R0 &4 t ch

referred tp a |.Sq.] " ony it F 1t -%pﬂi e

cycle. In fhiBgﬁgg%(%#98%2?g?ﬂg%g&gﬁék@%¥§@%¥l@%ﬁ rozpﬁghthﬁaP%gh%gg has no
effect on the cousungmionv22 dgecpb@semds pbereagenmetricdily oedrwoplkven Tytle, node of
operation is referred. to herein as(ﬁé?neutral node" . In a second node

of operation SHIRW PAURIRAME FBYUNtHercRERCE PR POWEVidSnior e desifiey 200
controls the RAWRbFANKMBI Lhsdeib&e1RARAnGhAW EHIL 9BY nRRhkihgind i me

period Ti after each tinme the voltage at the device 202 trosses 25 zero.
This results icurrantc proeded gonthenentvenhionbunptidre sieareorthié ngadtoret pewsane

frequency. as the vol.ta but which leads,it i..e. the reactiye power

control 40T ceOBrETiBhoF HeP it pove B s b D oS B de a
capaci tive reagliavgitiBAN8Hedn of BenRAtBG eh&ive polies tsubtPsl $vAiRchBe tigickors.
conventional ly, the phase difference is assigned a positive value where the

current | eads Hukey dhe ewyecnt 3prglationineihadhenabes riviater eaporisa te khangapde of

operation, the [eaglhyfiBOUEL, RONLLRL Wavhee AdiaantLals the pover
consunpti on device 262 % geneéé%é posi t1've ContriBution to the

current-vol tage phase s nesdRneomdrat@inestt thic Gleddtive | poeR Gohftolt feicl BRI ricity
distribution network 1. Mbddes of operation in which the power consunption
devi ce 205 pr sbpuadn Kigyssia)i the novist £osumpEan devieh 0% tiams surrgef] fieigdhphase

di fference ar L | eChi\: i " cltive ". 5
In athird no é&gjtl&%p%l%tglf% !1%%1{ g%tgfv?ﬁ?ﬂﬁ?n fgﬁé;glhglg)a& t’? %ggg%ré n%e'c%)l{r:?lggl

devi ce 212 conmhedel, shetduereposmrtrot dedemPtd doesdev exet 202inflochean theipoenat onl y

for a tinme period T2 before ch tinme the vol tage crosses zerp; the length
of tinme peri o&owmmwnﬁngﬁez%?aﬁet@sswmdﬁ err@ﬁéﬁﬁbw SAR AN OGP PARLNEY | od

Ti. This resulhsmpRyiRICH thePbit£RMBLREM bl Y6 SR AR ARE dArbhe sanme

frequency as the 10 voltage, but "which lags it i.e. t he current control
devi ce 2120 conferisk 12 hes powvdectoortbe npréndryoliesd mes@ didferancpnmthedetwaork.

i nductive contyi.bution.to power flow in the network. FolJow ng the

above- descr i bed LBRIERT TR (ST Eed g e dt “opel MO he 1 eact i ve power
control device 200 16Nt BmbRE oP BY& LGOI KiBuRf 3t Nc ROMWEKe ERSHNPL i ON
device 202 to produce a negative 1 contribution to the current-voltage

phase di f f er erfeatreff deicsci00i contrplstthowpwer eansumatien devied 02 {p dipwtqurtsot i on
orovi des 2 nogutt 06 LT PG 1anrE o e AR Fo AT LRI RUITRE: ence
are col |l ez3 i vek.r ehigrregdistio ahgiehnc@sp@ient Wwhtbihcldriée ab@aéing to the same
frequency as the voltage, but which leads it i.c. the reactive power control
device 212 controls the power consumption device 202 to provide a capacitive
reactive power to the electricity distribution network; conventionally, the phase
difference is assigned a positive value where the current leads the voltage.
30 Following this convention, in this mode of operation, the reactive power control

device 200 controls the power consumption device 202 to generate a positive



Al t hough Figures 3a) to 3c) show three nodes of operation of the current 20
control device 212, in sone enbodi nents of the present invention, the
reacti ve wowerl/aeser ol device 200 has a different nunbePCofEPrad®sss10-0r
exanple, it may have different nodes in which the values of Ti and/or T2
are varied so as to produce a greater orffnaller reactive contribution from
t he power consunption device 202. It may additionally or alternatively have
one or nore nodes of 25 operation in which the voltage cycle is divided
into many tinme slots, with current being drawn from sel ected ones of the
slots in orderconyibatpusa thelvarnentavaliage pbanstdiffengnécort adécti¢ity Powag isdhsunpt i on
devi ce 202. An,exanpl e of such d f eration.is.sh i.,n. Figure 3d),
'n whi ch each oy diieatio gfithch HpaSBPoRRiar F IR HE BOVEr bei ng
drawn from sel®giieshthegevide 200erabidea® psdiaiscomtiblwsigi watyrdf-wlwegs are
shown, for ease of understanding, typically each half-cycle C will be

di vi ded i nto rlase difewpedarcsplleRzelydplgacd o kereings af'vanikitys neadshl es a

snoot her di stributi [ - I o n the
xanpl o5 shown i n Houid3aHEE of GRHIEh LASPHEE GE KB AEREENTeRral , o
devi ce duri ng devee1dichetrolt kinepsiaconsunifienelaricy 2patd dotv @acht balyffecycl e C,
wi th power being supplied. only every third time slot during the later 5
part of each Hdfine @%P%T%be?%g Geeh H@eitﬂe éi%%ﬁ%fé?%sie%éerfoéﬁ’&q?@% SoWERe
contribution to.bRerehReld the ke § St dibiht QWA MK period T1. THIs RTBs

enbodi nents of the present invention, the current control device 212

conpri ses a PuhseuWedt holvpoudrdtwioph {89 aagniding &mtheopercafresucacgas dhiang to a

PWM net ho as is now described. In a PW neth .e cycl f the 10
Coner suol y RelRe bl BRER S 5! B amR AR fraidrte PR BRPh Ve vi ded

i nt 0 sl ots, f%nﬁi&ﬂmﬂrﬁdeﬁriéeez_’mtt@']ﬁoﬂﬁe §h Ghductié tonttiBetGK ﬂpﬁH\Lé:rq{bv@fn _ti me
during each slot that power is supplied to the power consunption device 212

bei ng vari ed dbesediarl. t &otlowing thosalnysidasenbeh comecndipgl, én thigmedeaobl e, t he

power consunptian..devj,ce 202.could be run . at, 45% capacity,during the
Prrst and o ohoguliy MES BRea® ihan® bl e’ 0o SRRR Mt W e cone
and fourth quaoh@msptiod pf epewadr coAGSIIBN amnby&opﬁgwﬁcec@nﬁdgiaﬁ%i on.
This may be inplenented by dividing each of the tine slots_into sub-slots
and suppl ¥ ng palibutieRn t HE HERRI VA BES nhici biicrgeds feclentrigityatipying ig the
proportion of . : f i vien d . i oned
above, aIthoué%gﬁﬁggg%%%gﬁg%gﬁgﬁggk ésc?&%%%(&gﬁfe gﬁﬁ%ﬁw?ggﬁ?% rgéfz and 3
refer to the ponammemi deic2(@D2gsoddponetgationsompbition etie cegrentsvokoge

enbodi ments of the present inyention fhe power. devige 202 is a,power

provi si on deyipééswff_%%?ﬁ %micali%ctlaekw?fefrsd heeTeinge 8P B G 8999 but i on
network 1, wth provigieR Fafur@oWg o 58LREW thiRamhddhEo CARFHIBRLIAR dupRheof
bei ng controlled by 25 "the reactive power control device 200. In the

latter cadk, aontbldviatdldgincsmesnbedioenided thy prehent powstiotehe cactd? is
1o 1 SSCRLIanGE L, LIPS T RS RELCt P, T 5 10
AC form or i $a00aMedrt@tnb@esa vitich e ABEPSET DehdBr ANaEeSEREd 85 adlgscri bed
above. produce a greater or smaller reactive contribution from the power consumption
device 202. It may additionally or alternatively have one or more modes of
25 operation in which the voltage cycle is divided into many time slots, with
current being drawn from selected ones of the slots in order to adjust the
reactive contribution of the power consumption device 202. An example of
such a mode of operation is shown in Figure 3d), in which each half cycle C is
divided into 16 time slots, with power being drawn from selected ones of the

30  time slots; although only 16 slots are shown, for ease of understanding, typically

each half-cycle C will be divided into many hundreds or thousands of slots,



30However, in cases where the power device 202 provides a DC current, for
exanple if the power device is a solar panel or electricity storage device,
18 such awoaoREAVY78s2 personal el ectric bicycle battery, PCTrRgb@sssONVENi ent
to nodul ate the current as part of a DC to AC conversion process. Further,
in cases where AC power provided by the pover device 202 is variable or of
| ow quality, for exanple in a donestic bi’of uel generator, it may be
convenient to 5 convert the AC power to a stable DC power before
re-converting it to an AC power according to a nethod as is now descri bed.
The AC/ DC conwerich emabiesya bmopthpt éiveibution 0f ipagencersnporian pver the nodiegd t t ent

energy store such battery. . Figure. 4 shows details of a reactive
boner contr ol SE01 o Boc I sapvBdn JLLBYED R IR R BubErei on
devi ce (often doafwiftRd d@iRduding ety stMar (i st ithd Griggmer sfardh belfow. 1 n

this exanple, the reactive power control device 200 is used with a DC power
provi si on devicweleXpouith payer heing spprdied adneray thiedtiere dabdubigpthe desr an

H brid 2, i 4 t] i ch
descr i bed bel dar SREHERAEARSCARENL HEPELRLASE oiclye pRE o BURby T O 2@
connected to Xbe aoctHeidy ddgibudd? netwhirich conpri ses four swi tches 400a to

400d, which are typically inplenmented as transi stor. or other seniconductor
swi tches. The H- brilBgemambpdimeshyqfihy %@S%@lwgﬂ%almwnbmﬁg%‘ﬁ% ol unit

204 10 cont rolaja doRfriby S PARBVIHPNIddbioh PV Ll B GRRE RIOKfiS] On

devi ce 202a. The H-Dbridge is connected via termnals 40Za and 402b To an

i nduct or 404 dod POMbedwdens iscopdesenbsd. Whi PV mcthed ceach egiclb eif ol

By alteri the configuratiaon aof th wi t.ches 400 of the HRbridge. 412, it
72 posei blB t douet arPilhdrign i Fegty BRaTER R s bh ety ST 610 ¢ he
H-bridge 412. gldis,dof extinhgbhafeivoind Bf WBisC idi B8 PRsHokiorOpPesk Mariapich@hes 400a
and 400d are g&fn and swi tches 400b and 400c are closed, H-bridge term nal
402a is 25 el etatrthatarawer negenplioe t¢ itheepower oapumptianndevionr dlgbcingvatiehl 402a
towards the ne éﬂri e tg ?I“Feng gtal 05’19%1? 'nO‘E tchel P o\f\%{(argrlovt&lSi O\rx}epgo\ﬁi ot t%oOZb) '
whi |l st Hbridg ?gr§ina A 2BOT SR et Y e y pos??iv%p?l.e. CUTIPent 1 ows

t hrough t er m nikkic4Q8D colildibreuitabs50 @€ cdpkitadaing Mkt wmdrbsd Gumeers 6f m nal
401a of the power provision device 410b). Conversely, in a configuration in
whi ch swi tThesagb@sclanandigbd>Bodwangopensesped sl tiewds quptws dadradde are

closed, Hbrid 14! 4 i : I cay: (B [
e st 4,001 R RETHIR 08 PR o KPR b e
cach of the time slots into sub-slots and supplying power to the power

consumption device only during a proportion of the sub-slots of a given slot, for
example.

20 As mentioned above, although the above examples described in relation
to figures 2 and 3 refer to the power device 202 as a power consumption device,
in some embodiments of the present invention the power device 202 is a power
provision device which provides power to the electricity distribution network 1,
with provision of power rather than the consumption thereof being controlled by

25 the reactive power control device 200. In the latter case, an alternating current
provided by the power device 202 is modified in accordance with the above-
described principles. This method is particularly suitable when the current
provided by power device 202 is in AC form, or is converted to an AC form
before being processed as described above.

30 However, in cases where the power device 202 provides a DC current,

for example if the power device is a solar panel or electricity storage device,



19 The processor 206 of the control unit 204 controls the swtching
configurations of the Hbridge so as to produce an AC signal fromtermnals
402a and wWO02b11/1imes2si gnal fromthe H bridge 412 is fed troTarmnosssior 404,
whi ch snmoothes the AC signal, and fromthere to a transfornmer 406, which
5adj usts the signal to have voltage suitgble for transm ssion in the
electricity distribution network 1, to ch the signal fromthe
transfornmer 406 is fed. Figure 5a is a graph of potential difference
(V) between output term nals 40la and 401b of the power provision device
202b, agai nst sufhres @TPEVTorepgreemahtcicgiriadbicele dratteryi st shpwre egnviedigniv &r yi ng;
in practice, the be sone 10 ard at i wi.th tinme, accotdi to, for
exampl o, veat faranas AErdR R wartg SRER B b aoNBnEE 258U Y ol
power gener at Qascs where A6l o @Sprobide® bHehapSv@r @phte 20D awvixgabie PObEILI al

di fference between H bridge termnals 402a and 402b_agai nst tine, when the

H bridge 412 i®aby My compiom agomesty prodicd enerai@esit A50pP Ferychisnt to
enbodi nents of e i i i e W,
correspond ng vy HeCREHovkd to WAL BV poRbHIER Reedle WRNEAC ) ¢
408a and 408b pofvet hecotdiag af ©meeiod48 6 now desctibed. c The ev@/DEuqplvesbntoayt he

electricity distri g‘gi on network 1. In each. of the exanples described with
reference to fAdEPEBEEdysingf tepparasy, pf IErmifGn coRsay darsush &5 ¢ Rdtad br i dge

412 such that the gw|chego4Q0R&R of'gqga&%gjr%%r loBntfol 2RvicR @00 AR GRYY Y

repeating on-off sequence to produce an alternating current at the “output
term nal s 408acanstd4@8pannfoft he(NG/ARYf omversionTHevied {eftamatdfaged vio rasnan
produced |s arranged,to .be in.phase with,.and have a hal.f-cycle C Jength
Porr eepontl ng T T ey B R bPABE DM b iy e hC FHEN B orig

di stribution nRierioolis Rediva & b p%kk%\"’j)réshﬁof{ el Rt 1200a,04ndv ket @gRnAgai nst
time at the Hbridge term nals 402a and 402b when the control unit 204 is
control ling tiventplodedige A2 canwoseh vy Hobradgaedi2.akn modectorf 49geped ion. | n

thi s node of eration,..the control,.unit 204.controls the switches 400 of
the H bridge i%ﬂsﬁgngﬁogpguﬁcﬁ%%s Oof(r)IVth%‘f“ argéi %Célr?ggfgelov\mch is symetric about

the centre point ofTieasd stgll feme b HCpowdOpriaoRidnhilvide 226 i ¢mtetsdipp! i ed to
the electricity distribution network 1 is a symretrical sinusoidal
al ternatihy cur Britridggsd hovpich rrommygisese fopl. svgighee 40Re teand00plp which are

typically implemented as transistor or other semiconductor switches. The H-
bridge 412 is controlled by the reactive power control unit 204 to control a
reactive power contribution of the DC power provision device 202a. The H-
bridge is connected via terminals 402a and 402b to an inductor 404 and

20  subsequent components, which are described below.
By altering the configuration of the switches 400 of the H-bridge 412, it
is possible to alter the polarity of the terminals 402a and 402b of the H-bridge
412. In a configuration in which diagonally opposing switches 400a and 400d
are open and switches 400b and 400c are closed, H-bridge terminal 402a is
25 electrically negative (i.e. current flows through terminal 402a towards the
negative terminal 401a of the power provision device 202b), whilst H-bridge
terminal 402b is electrically positive (i.e. current flows through terminal 402b of
the H-bridge 412 away from the positive terminal 401a of the power provision
device 410b). Conversely, in a configuration in which switches 400a and 400d
30  are open and switches 400b and 400c are closed, H-bridge terminal 402a is

electrically positive and H-bridge terminal 402b is electrically negative.



off pattern, and the current provided to the electricity distribution
network is symretric about the centre point of each half cycle C, no
reacti ve wowerl/@esseri bution is nade to the electricity PCoMPag1i0685uhe
electricity distribution network. 5Figure 5¢c shows the variation of voltage
against tine at the Hbridge term nals 402a and 402b when the control unit
204 is controlling the H bridge accordi to a capacitive node of

operation. In this node of operation, the control unit 204 controls the
switches 400 of the Hbridge 412 in a repeating on-off sequence which is
asymmetric about t hihecrocessopdiont obitheaehtrplalufutcy@d eonigels hthgoswitdhang t he
current supplied-.to the ctrici,ty distributian network IS, an.asymetric
't ernat g cupPERETE GBI TRk shel & P odicRarSG S, ol PRI ng
whi ch current 4ohewadt4oneudihetshendiHion dgeHbkrige st 1Diighed tolad indactonaol r st
hal f of each half-cycle C, such that the current supplied to the.
electricity divétiehsmoogesiibe fr kignahaad frem ylgre dge tymsérawr 1406, t¥hieh owi ng
therein; ip thi . Ltfive . t£l i | S, : .npde to
the. ol ectri o Tl NIETH FREREPELIAS Gy BN L lh (IRERIRNil

Fi gure 5d showssttibetionatctadrkdn toofhich lthicagdend danntt ttahsfermadr 406es fddbr i dge

term nal s 402a and 402b when th ontrol unit 204 is controlling.the

H-bri dge according Rigig 3@ gl 9E PaisBal of TPRTHM) FREVICH I teriiRal o f
operati on, t heAQ an@OM160b Bion2DrG RIS it 80 SRS AROOF e

H bridge 412 in a repeating on-off sequence which I's asymetric about the
centre point gtedehdHidrtacyisiskowsasmnonhatyihpeinqunacterst teupplayds: tomd he

el ectrici :l di strj.buti gn. netvvorili. 1.i S, an as%rmetri c al (hg[er nat'%tﬁg current, as
shown in 19 gur@iagon Wil time A6earigR ot PRI YR MIPRY e e PPYEUs

through the Hpsiisior dddie Q@Zahw'@@lﬁr?é&{rér%néﬂa%r.% second hal f of each
hal f-cycle C, such that the current supplied to the electricity

di stribution networlidigiiggsbimédwst gragks grovang et patentia) diffasonasdetwieandin; in
this node, an.,inductive c ributihon is therefaore to t el.ectricity
lowi ng in ¢ ndrBRESmBuE 0t B AT rinh RS RIG MR RokRe R RURH [0
described wi t lrohefodlc@in@ediferthgbioflc$ aadshdihgWs e trdliinenB050tHy prosdet a
further nethod of nodul ating current flow froma power provision device 202
to vary the rdBYfigr BHNESS 20 7§ PIRY dsOBesnoRdingarEirtipn sl swrar (Dithyevi ce

202 can be Varthﬁ@'aN%@H@u%%ﬁ%a@XO%%%gég@ ggf‘eaﬁéns%gg&”&‘d%‘tﬂ ng,J eactive

power, such as sw tched ctapacitors. t ment's scribed, a
reactive powercucient supiti¢dro the dootricaty édtiyutpsrodecyery BnliA€asi gfigie whi ch
is asymmetric about the eatre poi nt of Z_ach hal f-cycle C, 0ﬁut. i ch
crosses the 5 CX3@p S;fgﬁm ot With ECleEeRecrp iRty 42 JdaHhf cAntihdindtarl¥ ti i ng

of , the voltaggnibindb H-bﬂ&%é"gli RubRenf!BESHichy 46051 4B dpRanevprk 1.
Additionally or alternatively, a reactive power contribution nay be

produced ¥y shictibilieglly hapcutimg eroftscuidnech to heodicgralaltemessgsutrbiet at ¢hao poi nt
So as to be out, of phase widd L1l dATE ShoRahol! L Mokldh2ugLert i city
produced is arranged to be in phase with, and have a half-cycle C’ length
corresponding to that of the electricity flowing in the electricity distribution
network 1.
25 Figure 5b shows the variation of voltage against time at the H-bridge
terminals 402a and 402b when the control unit 204 is controlling the H-bridge
412 according to a neutral mode of operation. In this mode of operation, the
control unit 204 controls the switches 400 of the H-bridge 412 in a repeating on-
off sequence, which is symmetric about the centre point of each half-cycle C’,

30 such that the current supplied to the electricity distribution network 1 is a

symmetrical sinusoidal alternating current, as shown in figure 5e. Since the on-



10l n the above exanples, the reactive power control device operates in a
finite nunber of discrete nodes, in which the 212 provides reactive power
of a predebiznadi4nssgni t ude in each of the nodes. | n sonmepcagP3)iibssie are
regul ati ons prescribing a maxi nrum al | owabl e power factor that nay be

provi ded by a power consunption device . For exanpl e, European Conmunity
regul ations 15 prescribe that devices ing a power rating of up to 25W
must have a power factor of 0.5 or nore, and that devices having a power
rating of 75Wor greater nust have a power factor of 0.9 or nore (see

| EC/ EN 61000- 3D pattesgconddihagduyreni pravidedole thd\edastragiyodistriboiion hetwouk nent
control device_212 to be arranged to provide, the xkmum al | owabl e out put
in all cases fﬁgPKWﬁ%aﬁ%gsﬁlésggﬁr(%%io SM:C%% Fgﬁgdgvf%%rﬁfgvﬁ§mgﬁ{ive.
However, in seartriditiodiisemde, ot the dedient floviid oh tkle¢iceicA 2dinm@Butden
arranged to vary the nmagnitude of the reactive power provided continuously
i n accor dance %%kt he neasured val ue of the current-vol tage phase

di fferenc The nu d f Hgﬂgs r.af i -y I
accordingg%o 25 cﬁg gg?%r%%%??%?‘?uc agp%%%ﬁ%o ?gggﬁgﬁaﬁﬁgﬁyﬁﬁggiomer
devi ce 202 andémringledQabtndad2tpvasc thchiongohumia 2 04minrealtiobwadthe dhbdtidge power
contribution. Further, the current coptrol device 212 js pot limted to the

exanpl es descriCHREAINErGra SRATHIVE, Medyel PRt ¢h TRIBUPRAS HePRAIFIN V3G i abl e
resistance, CouhfofmitRA%MRIPLAEILI0G o e H-BRAL 410 Ol rehdhfink 84!

avai | abl e current at any given point in the current cycle, 1 n conjunction
with or as an odf tegnemmeiwtach B asyremstict aboint)e denticc@sntddsachi hedficabowvech 22

By controlling, the power consunptjon of the.power .consunption device 202
recordi ngi o ihis Hsaton SERTET fon it 458 i Bat b IE BOnar etht b ob Hovi ce
?00 de$Cr|bedz@ﬁﬁﬁ@ﬁﬂﬁdﬁﬁ&ﬁﬁ%&hﬁ%mﬂ@@@&h%@hpﬂ@@ﬁ:ﬁ@nﬁkiﬁﬁbbﬁﬁn&ﬂdﬁﬂg an
i nductive reactive power contribution to the power flowin the electricity

5 di stributi orflunagwdnéh qureent floavstheowich dlae Whbredeei 412 in dighen denng dic fat
i nducti ve and/,.of. capagi ti,ve r,eact ance the ¢ onents of the.power
hovi oo 502" oyt SABRR bUYELOERC, W0GE 1A% R0 RIRE B B Ty

make, for examMtebutih hetdieed ilasds abOtvolthel oo rldcaridityeflpwitgr thktcdyy, indties t o
i nducti ve conponents therein, such as magnet coils etc., the contribution
to the poler AR @usPr@tiYheontabutipnels thergtorgmadpdo theelertiigity SMSHNE Bht r ol

devi ce 200 ”HXhQQBaEBEyﬁ%ﬂﬁBESnn&%B jtive. Figure 6 is a flow
di agr am show ng exenpﬁary steps perfornmed by the reactive power control

devi ce 204 in cont riagurerig sHoevspheearidiéai of valdipei apaast ancaatcthe M-bhidgome
erbodi ment s Oftertnﬂgalg r48§ae ngd I4 2Vbe\I;]v Ier? the c':A\otntrgf leu?lt 584? ?s E:oqgrolling the H-bridge
according to an inductive mode of operation. In this mode of operation, the
20 control unit 204 controls the switches 400 of the H-bridge 412 in a repeating on-
off sequence which is asymmetric about the centre point of each half-cycle, such
that the current supplied to the electricity distribution network 1 is an
asymmetric alternating current, as shown in figure 5g. The proportion of time
during which current flows through the H-bridge 412 is higher during the
25 second half of each half-cycle C’, such that the current supplied to the electricity
distribution network lags the voltage of electricity flowing therein; in this mode,
an inductive contribution is therefore made to the electricity flowing in the
electricity distribution network 1.
The embodiments described with reference to figure 4 and figures 5a to

30  5gprovide a further method of modulating current flow from a power provision

device 202 to vary the reactive power contribution of the power provision



15 reactive power neter 203 nmeasures a current-voltage phase difference of
electricity flowng in the electricity distribution network at the | ocation
of the powerodemrsse 202. At step S602, the proces®or/EP@1iossstihe
control unit 202 determ nes, based on the nmeasurenent made at step S600
whet her the phase difference is within Q%ZO predet erm ned range, which may
be a predeterm ned range of the phase differences, wthin which the phase
di fference does not require adjustnent. If the processor 206 determ nes
that the phase difference is within the predeterm ned range, no adjustnent
to the reactivievisord02i gamt borvanéd mhdopoweing dayi alditReal mwanegligerdating t he
process proceeds.to step S604 in.which the 25 ocessor 206 sel ects a
eutral mode grLie PPESELTYR onkrEadprarorell 1 S ima dEfuBeL % Srmand
signal to the reastive powepBbiteibutiay iscndled By pRENRIE M Ahsigaa! eitieds neut r al
node. If, on the other hand, the processor determ nes at step S602

that the phaséSHRPRERe#Host the Geatre wpingiofh cadhehadi-evsde br.nhuh ehichypgases thee
. i h
process proceefls, é&%@%ﬁ@ﬁﬁ@?ﬁ%@g&ﬁ, Add€at %eoﬁ%%;tgﬁlgé%i tﬂgtvaﬁgemawe'et er

i nducti ve conpen ronis req or exanple termnin r the
phase diff er erfevingastht etbc2Ritatdisti@piodal6rork l1ouAddidendfy drhadtepradddy.er m ned
range on the inductive side. |f i

f it determn that an i nductiv
contribution i'§3GH¥ERPWEHCON{ERIIGN Hoays rﬁ%l&f@g%y SF%U%% e at PRichiEh t he

processor sel Qghal BroGaRaAAL LkyehdidSo 259 bl % bREEU IR AAllEelsidaYi ce 212
controls the power device 202 to provide an inductive 5 contribution to

power flow i n fldwengiretht cleciricity disstiitiontnieororkdt wor k 1, and sends a command
signal to, the currﬁnt cont r ol deyic§F212 to oefrate i.n a.capacitive node.
n h

1f it is Hoterm ned"dRe 8p%y5 SEBB Bl FAUNERVET CONFIHENIF ST He? phase

di fference is Mgk dugfbdl bEiscicte MEd&ORCHWHRRANS DEL pRVERPAGICHVY BowaNdfrd but i on
is 10 required, and the process proceeds to step S610 in which the

processor 206 psedediped magnityigue chcheofitbeimoden Intsametchses ctheicenne ragolations devi ce

212 controls the wer devi.ce 2 t rovid n i.nductive contrj bution to
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signal to the poulcr esisutPrbi abviekeY0X & dr@x @RpleAE @robfanc@orhim@biey togalafibale. 151 n
this way the reactjve power control device 200 controls the flow of
current, bhd tiesceEby thsbeyices kavitigp pwer Bing1od upders Vi st 82902 PPWCF esponse

to a locally gg FP&F@!S %&“iﬂo‘%@%n\’i%%%@ic@?ﬁ‘ﬁ?x\}g% EE?&F@%:E%%? 7§We&|t ér‘é&e} y

flowing in the electricity distribution ne contro current
fl ow produces maust daat 4 pev@daeor ¢oh? or hotrd Goe WEC/EN Gdj00s3-3). t Aecopdiagle,
difference of i‘E pneay leeg \frairl‘gllggg/us for the current control device 212 to be arranged to
provide the maximum allowable output in all cases that the measured current
20 control device 212 is active. However, in some embodiments, the current
control device 212 may be arranged to vary the magnitude of the reactive power
provided continuously in accordance with the measured value of the current-
voltage phase difference.
The number and type of modes of operation may be chosen according to
25 characteristics, such as the power rating, of the power device 202 and/or
regulations prescribing a maximum allowed reactive power contribution.
Further, the current control device 212 is not limited to the examples described;
for example, a device, which could include a variable resistance, could be used
which provides some proportion of the total available current at any given point

30 in the current cycle, in conjunction with or as an alternative to the switching

devices described above.



20 flowing in the electricity distribution network. In cases where the
power consunption and/or provision of the power device 202 is |large, the
correcti WeOneuncisrsse power contribution from an indi vi duCTaPeeiaesssay
provide a significant adjustnment to the phase difference of electricity
flowwng in the electricity distribution petwork. Further, even where the
power consunption and/or 25 provision i ndi vi dual power devices 202 is
small, for exanple if the device is a | ow power device as descri bed above,

t he conblned contribution froma distributed group of such devices can have
a significant effedly gmtiollimgethe powkt ggl@urppta@wﬂﬁhﬁfpewehwsump@medmw:| ty

flowwng in th IectrIC|ty dlst i bytion. .networ as IS descr i.n. nore
detai | el ow a1y Ei 'of ke AiopParET of Hehs R i eSSt
time; accordi ngoy dedefib&drmoedIbediapecitise akadtve PsRSERbNtHBUESH iadB/or t &1
process 24 descri bed above with reference to Figure 6 is repeated

conti nuousl y, BFUCHYC | RRGENVG AP Cr\FRIHIIbW NG &S thty POWET Fleas dn dibf f de@reisy
detected by the LEach Y@wBRNeT: aﬁ“BEg> Jlﬁ Hvhidh s ifl %‘eﬂ({e‘ﬁ ‘8?511 %uv nd

thereby ditfferent reactive power C utlons bei ecte he

above exanpleandbrW@&wdﬁ&&ﬁ&hﬁdmﬁhﬂhhbhemmeﬂﬁﬁsUEﬂﬁQMBWﬂanmedﬁathﬁ devi ce
200 det erm nes mhe her the phase difference is in a edet erm ned range
and sel ects a hoB¥ ‘@nspsf)%ﬁ%tf‘aﬁ% 0&%8}?&&%%&2@2%&%@ %rﬁé%%lﬁ

however, in some; QRN B&RLiButidnn &S ¢hd %o@@r Rlosdedrr f ReAichANI8m gbﬁ'entt@es e

enbodlnents the reactive power conpensation device 200 omts
S602, and prodbﬂda dumecuhyymbasm&m:S&@@omMMunmherﬂmqmd@rﬂpwwhhdsehe

embodi men , ther "neutral node" era n of .the. reactive power
Compensar o ddoren ofnthe G EpRge cpni: f0atnahlanrbbadel Cacapl
swi t ches bet weg a(;];@\;]Q,amtlve and inductive nDdes dependi ng on whet her the

reactive power flowis determned to be nore inductive or nore capacitive
than a predefined Vagwe. 6 55 flpyw degremchowsng @ansal@rersﬂitﬁrpémeféfomect)bm\th@e a

reactive powerree?c Ono%vnetr ChO%}IIBP%ﬁYlCSIﬂ)Q II} SOIE&I'OE} %ﬁe %@g%?edsewce %(ﬁl gln of the
ne .

det ect ed reactTVe pARer c6 rovt acrtirve conponent

i f the detect edcdr@akiwich RONEEMBOITRARABIYS th@pﬂe@ﬁiﬂ@ﬂi\leﬁﬁon and skpsBoveksa) , so
that the predefined val ue nenti oned above is zero; in other cases, the

opt i mum cli r edeaclize t RRYETpRgE % Mrgeaes asyren-voliage Phave: diffgenesl k. Thi s
I's because t hee é\c'd{dfléé}/nﬁo% tlﬁQﬁ%QE&%&tg dﬁ;tﬁﬁlﬁtfb%e %@ervgtrtﬁe ‘Pilécaht)n torf‘ﬁ‘{eel S
ty utiton

t hrough the electri stri et wor to reactive
cont ri buti ons gom@mitwiendi2or ners and ot her conponents in the electr|C|ty

di stribution netmork 1. pti mum situation fromt erspective
efficiency of power’ %héaﬁsgwdﬁ°¢§“¥ﬁé$§%%¥§°ﬁ%ﬁl 2%@ Sp.diasg e phase
25 differenceptge eraglﬁ‘rérﬁel?ctméd%eat sféi}aé@O@ szlf%fth& g ‘iﬂ%\@@ Eilff%?éﬂ& §s #HRin d t may

i nstead be for the phase difference to, exanpl e, slightly capacitive
(e.g. in 2he rmuedpecrhined Bangegmvded) naty tbhea m@terdemdcea@mf ghe tihasg i f the

phase differen il ation, it wll zero
at sone point(fﬁéfﬂ%”nWﬂgyr%%?ﬂqﬁ h@?ﬁ@&?ﬁn F@Pﬁ&ﬂ§“€aﬂgm?gﬁ%t|€ power
conpensati on dryi £ck6r MRy lietcAAnics aﬂﬂﬁdthtaopﬂ@%erdiﬁfé}@no% val wenaf thhe phase
difference, conpare this with a gredeflned opti mum val ue, and provide a

reactive pov\erprwmrmprmgt 5apge, 4l ugment to the reactive contribution of the power

device 202 is required, so the process proceeds to step S604 in which the

25  processor 206 selects a neutral mode of the reactive power control device 200,

and sends a command signal to the current control device 212 to operate in the
selected neutral mode.

If, on the other hand, the processor determines at step S602 that the

phase difference is not within the predetermined range, the process proceeds to

30 step S606 where the processor 206 determines whether inductive compensation

is required, for example by determining whether the phase difference measured



25 reducing the difference between the detected phase difference and the

pr edefi ned val ue. Since the predeterm ned range nenti oned above is
typi cal | ywoentwadsen (or at | east includes) the opti numpPcalnre)iliossssone
cases, especially where the 5 optinumvalue is set at or near to zero

and/ or where the predeterm ned range nenjjoned above is relatively |arge,
the end points of the range may be of opposite sign i.e. one end nay
correspond to a capacitive value, with the other end corresponding to an

i nductive value. In these cases, the step of determ ning whether inductive
conpensat i on désepidof ialuisalc(ofttbp pBERB MMEY rargepen dw indudivapide. détier mi ni ng
whet her the cufenliovohlageANane dilfiskence ARasdr  abogtsRaR800.d o

i nductive or et Rer® it g Peaetive rllthu(?flh FeEasEs, Wher e thespt 1hum

val ue is set atepaSav8NiZ@hizhvad pﬁ),ces'ﬂﬁﬂs&@:ﬁﬁ@ic?alclﬁv\ehﬂdi&, bhehapERARiFRAM ned
range is relatively narrow, the predeterm ned range will_ conprise only
capaci tive val@agolodewes 17 nepmirolsy theyppwiasdevigs @ﬂgst@ Rra¥ids | ans indyckiee” may
15 conprisge ¢ i | fif g i 600 with
the end po nt SoBrcpRgh kT B Ransy AL Lo Rienes, TRATLR M BEh b Y ot e
phase differ eromnhdndssigmul tthehé rdtreiti coatrel devios 20 hao appecd in vwecapadevof t he
range. In sone cases there nmay be small fluctuations in the phase
shift of el ectnP‘?(@i-ty inthe electricity distribution network 1; if these
fluctuations occur yaf; i2Qe@fmin€Rht {eSE0Y BENRAULHR! dEHeASkbR et fiBsend
points of the acceptable range descri bed above, they can cause the reactive
power control difercoe X00ot ccqused, {taisecdyetudeé nthatodespadtitives cnmtyibett@c ey bat e

the oscil]ations, and produce instability in .current flowi ng in the
cl'ectrici {9 argrpiguerdiTnatneme oty B St EaE b wPFmttac® « nose
oscillations, sglcb¥Sinein@sdtiecBydd&oUBRGhE tudent Etdl deVicé 012 Rentidls esdol d
val ues at which the reactive power control device 200 sw tches between

nmodes, as is mowcexipyiar 78d tai pravidefasr mdeetivicocomirgntionso power fldy dythe 7 is a
graph show ng the.neasured. .network, phase difference versus the generated
Peactive pouer Sr T B rofafRl5 I8P Spids n-EISH Sl a1 dERFL s

devi ce 202 genen@bledevitet€@apdrhtéén pRWRIICOFe mbdsvhen operating 30i n node 2,
zero reactive power when operating in node 1, and a reactive power of -P

when oper Bting in rBdais3vayathersagstye mos craprirelutsricsr20monirakiche Jovpeher 26
genert o0 |1 WS CHAPILE IE SRS BrbPH MREPoZ R0 TREG By SO
a locally detected current-voltage phase difference of electricity flowing in the
electricity distribution network 1. This control of current flow produces a
reactive power contribution which adjusts the phase difference of the electricity
20  flowing in the electricity distribution network. In cases where the power
consumption and/or provision of the power device 202 is large, the corrective
reactive power contribution from an individual device may provide a significant
adjustment to the phase difference of electricity flowing in the electricity
distribution network. Further, even where the power consumption and/or
25  provision of individual power devices 202 is small, for example if the device is a
low power device as described above, the combined contribution from a
distributed group of such devices can have a significant effect on current-voltage
phase difference of electricity flowing in the electricity distribution network, as
is described in more detail below.
30 Typically, the conditions of the network will vary with time;

accordingly, in some embodiments of the present invention, the process



Figure 7 shows four threshold values, R1 to R4 at which the reactive power
control device 200 switches between nodes, with RL and R2 representing 5
negat i ve wonducisirsse) phase differences (1 R 1>1 R21) amdTRP2@n05$340
representing positive (capacitive) phase differences (1R41>1R31). As the
magni t ude of an inductive network phaseuﬂi fference increases, the reactive
power control device switches froma neutral node to capacitive nbde once
t he val ue of the phase difference crosses RL. However, in the opposite
direction, as the magnitude of 10 an inductive network phase difference
decr eases, t halepathetiabovpoweh relsraneo|to dagiteed 290cpaesl pottingaislshof rbm a
capaci tive mqg, f0,2 FULTAL. DG, . Blyhnstead bh, s hehes ol 57,
Simlarly, for an ithdY'eas né capa e nat Wot 6 gey Nf f &1enc &2 the
reactive powerm&entésltimevh cEféRAt swbdsheadf herobs aEttdml reabde powan

i nducti ve node, but for a decreasing capacitive network phase difference,
15 it switchegngibutians bomgsselestedn i f t he phase difference does fluctuate
around one; of the tjrgsh v RL, t , e tJ 1 ati in the
node of ogser ation OIP ﬁﬁe%éejvaect% %%@Elgb&ér\g%%ﬁqe?%ﬁ%ge%aﬁetﬂgo%,ﬁ&yeecgh{évgpt he
latter is stalbmpemsadoneldtical20tndteraims nchdirahd p3e diffalehe isnwahinapaci tive
node around Rl apd stable in an ipductive node around R4. 20The exanpl e
described aboweqetFrgics: 129EC @B Pl ed Mdgrelr PRIoR NafPepoces Pefiiesent i ng

i nductive val yggAnRiE3 RAEVEA iRSorhERhBSEMhRAERNEGH blBtekAlndg Sandaovever ,
it will be understood that where the optinmum val ue nenti oned above 1Is

non-zero, all Iofthdkt entboRmemiy theraetpacpawarecoorpetutipn gyical2i00 wenitsnderct i ve.

In this case, reactive power contr device 20Q may, switch..to a

capact £ v modo03sinagoiste MRy € SEPDFv b Fettuch ShREROd RE Bt ect ed
phase di ffer eng&e G @®SaRURH mBYENof bptlBoklRTard eshcRhEPEWEE LoAp&NRaEoH MR NS
capacitive; simlarly, the reactive power control device 200 nay swtch to

an inductive rAsdigct angrlyirerstisg nomgncompensadan rddyisei ) wwephashectgesrect ed

phase di ffer ence, &rossas, iy gkl adcadetached Phase, dhEherengs, remi ns
i nductive. 30AdBI1T Onall Y, or g}tgl‘(ri‘lé)tl vegy, Yo e hysct ar 891's" ¥ 2% Ur e

descri bed, t helctmaicd\e b awes ind0etivedr nalay cgRicliBy tiw afcadtyrd valmcdel ay t he
switch between 27 nodes when crossi ng@a t hreshol d value for sone

predet er med tinme Ipesomsdeapgs itThj desiplle tpreQude ¢ FRagHVY PeYefe fRIyponent
oscillations f bei LAY d.d :

nment i oned abov%,gmgnaeél %e\!v%trcrﬁ)g‘g‘? n?ﬂéJra %% fthlggm%? g{;gﬁ@t dg%tl&%?éea%?i(]%ﬁ,o%gr
plurality of reeapbhste (jpoweprovaleta @padevi cespadnt iffthe deeccdidstadtivapedeat
different locations in the electricity distribution t r@, each of the
reactive powertORBREFISNS HEYFEES bBice SR b oo fHG i TELHRER MoMe SRR tbyi oo
202, thereby {850 R%ef; Sy SHEMLMRL Ghe SAIMBPE MABH-FaEOPhAsLldifFERGLI MS, POVer

flowin the electricity distribution network 1. This may be particularly
advant agedus WleenndiBzerasehicwi s fsoecausertbe cumegivoagqppiwee ddérérsesn@®02,

enabling a nore signific adj ust t. to,reactive power flowin fhe

olactricity di'gr roluTsRaeRsh i e ekn sbELRN SoBPIRY - dufly RbrSi dual

devi ces. For exabufiond tfrdd E&tsiericed dnbabtirf osonthR¥@f ilthe PA¥®Ficity

consunption is due to lighti ng devi ces at conmercial and domestic prem ses.
S

I f all such | idtibyipndagivesks Lisedhg erizpemy sityseer from the perspective of

efficiency of power transmission is therefore not necessarily for the phase
25 difference to be zero at the location of the power device 202; it may instead be
for the phase difference to, for example, slightly capacitive (e.g. in the range 2
to 5 degrees) at the power device 202, so that, if the phase difference is slightly
inductive at a power station, it will be zero at some point in the middle of the
network. Accordingly, the reactive power compensation device 200 may be
30 arranged to determine a value of the phase difference, compare this with a

predefined optimum value, and provide a reactive power contribution aimed at



15 <control device 200 according to the present invention, and assum ng
that the nethods described herein allow 5% of total power usage of a power
consunpt iwo 2dawvi4css2t o be contri buted as reactive power @aTtfEpgunessshe ch is
easi ly achi evabl e using the nmethods described herein), 0.25% of total

net wor k power capacity could be used tosferVi de nore efficient reactive
power characteristics 20 |In enbodi nents™usi ng distributed groups of
reactive power control devices 202 (though not limted to these

enbodi ments), one or nore of the values of the threshold values RL to R4 at
whi ch t he readtdueengoher difiereneo| bajeodrc ebe 2daecied thashediliersnceroads thand/ or
the I ength of trh(%ﬁglg#rggl in switching T3, may be varied between different
devi ces. The VATUeS yu%e assigned 25 randomy (for exanple within
defined |imts arowifccdbipreidtc@idcduahyamdesoned Wbohg isT8PichRe tadteedadn t he
reactive power control device 200, and stored in the data store 210. In
sone cases, tHer pi egsiggluden) ghe primumy et i ) sopsviascss shrtactilly dehare ého00 may
vary one of mya Oy YALLEeSs & (0 R4 ANl J 3 d/pp'mﬁl Ok Gy cf‘eté?-@ﬂ?ed%ﬁg%d' hg to
a randomi sati on process inplenented at pre?ie i ned ti Imts, or on
activation of ridigiodeViabevdy adtathety lbagd, ahe shdnalintk radntha reogt maly eafre (see
bel ow), for exanpl.e. [Random sing these values in this Wlay prevent

di stributed 2®PEPYEELHFC- PG VLN BATABNMNG 4 FIREIHVE MR “Fowﬁgé%%e Unwant ed
oscill ations idiqldheesbRTto an inducte VAL ANALLAAOU LIRS dieREkh NP OWeT
control devices 200 y bé arranged to conmunicate wth control centre

vi a t he comuniledliarandudivei eongrehsation ddserilpoingbook Gept S@oayabeomprisde i n

the electrjcit i stribution network, or any other device arrange o]
communt calb. arPey HTHENS S Ahe seBE GrRbag: BFv abhe’ AL aht - o
devices as desgdpl BEOH e TfRiubtivCOMMRIHEAtT N rdastiveenn idth@nhséNavi@achd ve
power control device 200 could be perforned using wireless or fixed line

comuni cat i ongptifm exdwdpl i@, &0 at conmamigat vdne.viaad t weriatler whegndior a GSM

network. N SO ARG GO S AR PS) WRE B S LSRGV E RUEL gont T O
devi ce 200 and s?dhe Controrecent e n%ly TQke pPagS HI;} Y aNSHi e siONPorC dat a

al ong the powesnly ¢4pasiti4d 4alues or only indifie eabedi Mmetese odsed, RepBEBBaniy
invention, the reactive power control device 200 nmay be arranged to receive

an acti vatd on comprise compsrnemibe Thasediffcrasre awaired ant dotrrr 000 weh thiact i ve
power _pr ol denl Qolfiohe Glddefhihihedrdel BULARiBSINRI te bashBRAANSE tO
t1vat al 1.e. S the

receipt of the a ion sign he activation signal tur
reacti ve powerdiffentecdicsdavthemda@ibconde avithdicaphativasideof theirageel nacti ve 1. e.

turned off prior tqQ receiving the actjvation_signal. \Wen the reactjve
power control devi dB' YoM FReY 1S e B " Guoieiions s )phémtyﬁfeo 0

and/ or provi de|RANSH, iRTRY bILEHCRY dishfouflol Tefudrk Y itthsder flRilaiBRs p&yar k in
accordance with its"nornmal operation i.e. as though it were not connected

to the redttive powtic thoeshpbl vadess deida® theThed pomts of theemtceptablgyrangs o

o Tnto an iReldcReP: B8 e BTt Sl el AOeB A" om {he

control centresci@dehb&veéh modes; this may exacerbate the oscillations, and produce
instability in the current flowing in the electricity distribution network 1. In
order to reduce or ecliminate these oscillations, a hysteresis may be used in
25 relation to the threshold values at which the reactive power control device 200
switches between modes, as is now explained with reference to Figure 5.

Figure 7 is a graph showing the measured network phase difference
versus the generated reactive power of the power device 202. In the example
shown, the power device 202 generates a reactive power of +P when operating

30  in mode 2, zero reactive power when operating in mode 1, and a reactive power

of —P when operating in mode 3. Although the magnitude of the reactive power



di stributed group of the reactive power control devices 200 turns on and
begi ns operating according to, for exanple, the process described above in
rel ati on wo 2pilg4rss26. The generation of random val ues i rCTAlPatiiiOSs1@© t he
paranmeters RL to R4 and/or T3 descri bed above may be perfornmed in response
to receipt of this 30activation signal. may al so be advant ageous to
arrange the systemso that the reactive épé)wer control devices 200
activating in response to the activation signal 29 do not all activate at
the sane tinme, in order to prevent sudden changes in reactive power flow ng
in the electr |g§n@ryted|19tthlsb®<tanm&¢ rrethgotakie fnhlvcsth rmagdeb a@drrmd@y&amrmmga ng each
device to actlv afte a rand dtl i,nt er has el apsed
ftfi S b P AR PR g

after receivi ng anety Sé?aggl E\’lresn ra?latfo y ge et‘sat ed tine 5
interval may be ger}‘eg@beﬂsmw ﬁﬁlrdﬁl\élsh‘cﬂé VahREBR| V@R, Arwhith MRY rdaetive
prescribed in the activation signal itself In sone enbodi nents, the

par anet er s R1 ROy cREoHiRlAdsyicT300rayitehes persen imslgs.pyith Re apbRe Faresseiig e, as

t of t
Char act er bt | gEeafveriRBle HheSPAREARIE (PhEANeN LR, GPR, G ridfiing
tail ored aCCOI’pibISIItIlget(OaIiahEIVS))@hHSfeI diffeesnded i([Bujs|Raf). t A thk embgdiwide yof an

di stribution network 1 \;Qt_some enbodi n%nts sone of the { active
power control ! tive gctyenk phiss %{G’El%?rf&ﬁ%%els CRFACHBE POV HeCWGRE FOTCOf a

control centrg,RRd £OHE. ALIRI nﬁcﬁf%ctb'c‘éﬁad?f?x‘/teﬁloﬁé’ %Eé){hedx%\fﬁec@isth%gﬁa%t Ing

under the control of a control centre. his case, It
advant ageous fdofferehe poedeRer ddavexdver, almgm aztms)sm bmcttlabowsethtondzwltnéé afively

nar Pow 1ol ¢ nh BABTERy bRy B Gl RO e 269 e RI iy EoFBhct | ve

power control ety &Qz o€ Itch Frolfh AQpSMIIIMo® té QatdutrEnda¥RE RN the
electricity distribution networks, but wth only renotely controll ed

devi ces, 20 vinstedd itrayitelcsrasrfe. $mné%|rly £dj amsmé@amg Q@t}aagmemytww& frhase
characteristi G érgrrlm ﬁ}eyfgflcglvg rﬂ% u%g%ntrocf (f%V g%’:l gb% ﬁ\g/%gl}es Cfgorn an gfre Ii[lﬂ%e

descri bed, using activ acti'v

reactive powerto @amiduetivéleiodessut 200a enablsafy dabecitiad he@tvotlopRse difdedce, del i ver
reacti ve power on dermand to the el ectri city distribution network 1. Thus,

25 groupk of itigwitdcppt Rine Thegeveny & tb@@éasedbﬁ@rﬁme drsviflistiapogoundipst  an
operator of thg théJ{H]Eésﬁ&dCs%ﬂIe'é%]'I@&?ﬁHe i5 A8k M&HRONER H@d& e ogé}%%n
exanpl e. may

provi der, for reactive power control device
al so communi catfehanichétivichvweobdntadl deerct 260t mcprso thal ttcais atabkgaradnaugrat he

per for mence of fie teact ! ve, pover cont Lol feviee, and 9t el AfonR: on

inductive mode around R4

20 The example described above in relation to figure 7 refers to R; and R;
as representing inductive values and R; and R4 as representing capacitive values;
however, it will be understood that where the optimum value mentioned above
is non-zero, all of R; to R4 may be capacitive or they may all be inductive. In
this case, the reactive power control device 200 may switch to a capacitive mode

25  to provide a capacitive contribution when the detected phase difference crosses
R, even if the detected phase difference remains capacitive; similarly, the
reactive power control device 200 may switch to an inductive mode to provide
an inductive contribution when the detected phase difference crosses R4 even if
the detected phase difference remains inductive.

30 Additionally, or alternatively, to the hysteresis feature described, the

reactive power control device may be arranged to delay the switch between



30arranged to record data in the data store 210, such as activation tines
of the reactive power control device 200, anmpunts of reactive power

provi ded wo 20hie14780 el ectricity distribution network 1, pcesraig/osd510
measurenents of RPC by the reactive power neter 203 etc., and to provide
this information to the control centre g}f.the comuni cations interface
208. |If the power device 202 is a nobil &'device, such as a PEV, it nmay al so
be arranged to record its location, 5 wusing e.g. a GPS tracking devi ce,
and conmmuni cate the sanme to the control centre. Further, the reactive
power controlId@k$G@gnZﬁwﬁmawihﬁabﬂdaabﬁébbﬁnmbp@d@WQﬁa@iémﬁsmﬁedaﬁ-the

electricity fl int ricity dist.rib t|o net wo to
comuni cat e dalff1 ﬁaipé% e|n\§e E%lfeﬁg%ncye?sg AP em%cl% er |u§?q e cij]be to the
control centrayy&his measur ement may be perforned usi ng the reactlve power
meter 203, or one or nore other nmeters. The one or nore electricity quality
characteristic neadiwidgmoie sepsntiongd mhwq, A spge capedupenipphthsfpressat

fol | 0wl 10:5 15 0 L8R MErRAVSH o RHREAGHEE Latiof teviVRLRYE MR didhp AR aPUCh 25

di ps, sags swel 1's "ahn u ne vo ta els |g er or
| ower than t heliffashiniaticalstiaghe febsctrivityhdsttibpéon aetwofk,tdaoke of tthd scagaye be
caused by e.g. network &gwlts MAtC in of capacitive Ioadi%and excessi ve

| oadi ng; 20 HAPOREHicerol\devicss .28§§0M50 iRg 2 teppeciiv payer devichfQs Sheedor t he

supply frequengyninkhi Sy PEcradgas Q%d%gcon@r%w‘%éacﬁ'v@ﬁbmﬁ'fibv& @Rdg. such as
variabl e speed drives and UPS syst ens; I'i cker dom or repetitive

vari ations i n ddeeiorgyl dlagbutlathneiwnﬂyl b@hsausebe pyrtieulgrly milvdnsage@Fwbeer at i on
(are U nipes) MEL0 SOMRTRNL 2500, ahreddnpsr NeLwork unbptaee 1o,
phase | oads andjusihkal apGesttivBnRecPmaseil fadgdedtiidi Walhuiien S@tWRRBRAL
can be achieved by using individual devices. For example, it is estimated that
around 5% of all power consumption is due to lighting devices at commercial
and domestic premises. If all such lighting devices used a reactive power
15 control device 200 according to the present invention, and assuming that the
methods described herein allow 5% of total power usage of a power
consumption device to be contributed as reactive power (a figure which is easily
achievable using the methods described herein), 0.25% of total network power
capacity could be used to provide more efficient reactive power characteristics
20 In embodiments using distributed groups of reactive power control
devices 202 (though not limited to these embodiments), one or more of the
values of the threshold values R; to R4 at which the reactive power control
devices 200 switch between modes, and/or the length of the delay in switching
T3, may be varied between different devices. The values may be assigned
25  randomly (for example within defined limits around defined optimum values)
during manufacture of the reactive power control device 200, and stored in the
data store 210. In some cases, the processor 206 of the reactive power control
device 200 may vary one or more of values R; to R4 and T3; this could be done
according to a randomisation process implemented at predefined time limits, or
30 on activation of the device by an activation signal from a control centre (see

below), for example. Randomising these values in this way prevents distributed



Oscillations (resonances): the flow of electrical energy, e.g. between the
30magnetic field of an inductor and the electric field of a capacitor,
changes dwoeetiiamsperi odically; 31 Transients (fast dipsrmpbanosssyo rapid
change in the sine wave that occurs in both voltage and current wavef orns;
this may be caused by sw tching devices,,start- and stop of hi gh power

equi pnent. 5 The reactive power caftrol devices 202 may al so i ncl ude
means to control the power consunption and/or provision of the power device
202 to provide an adjustment to these detected quality characteristics,

usi ng an adaptgeupsef devicerelromtahos indecert eprodipvmnwantadalseil labenstio the gures 2
to 7, for 1l0exanpl e. The control centre may use this information for
exanple to det’€¥'ii'ne areas of the el ectricity distribution network 1
requiring reactive poWRhtieAPEHSa] tHeNrcadthe ST @ntroB AEViEcI BY0 hhigNbe

determ ne a required anmount of reactive power required to be generated by a
di stributed grabgpesk ¢ heompapicitgewlth BodRNrol offifs| Vide i €MPDEICAHABS speci fy

a group ofzth cespi.n r t dy: 2t [ vation
signal to Seacﬁn% JE 'esrs%lge%wlecf%%tgé\ll%sag 39%% ?Z%d?ggﬁrﬁﬁgydlgtgb%%%eni ent
for the reactincevgbwer aonbrlalr deviccamsaZfdd to ceatiurieatd ruidior dewitdoy a

addr essed; for ,exgrrpl e, each reactive power c?n rol device %%(i) may. have an
| P address andidrbWse PRt vachbndtonesnediol desicse #aglctEiord thadnoo with

a subscriber i@gahihitatRdt e Maﬁ@&lge llr\e/lhgé | filbr GBRFo It RS IRIDOEDRILRL 2

conprises an identity nunber of the Sl rd, such as an MsI SDN nunber.
The t echni queyednunerket irogs dasless bad fhedeiline meymbenicapbesie firedxmyplear i ous

means. For . exanpl e, .these techni ques nmay be il enmented ip hardware (one or
more devi Kbs) CORMTIRIEHER Set: HaPe dRUPEds oM ottare (BhedBF fisie 25
nodul es), or corMhRtatBRS bERRER e ref@ive HoRF E¥RES deViRéE 0B Bh@tHedntrbhe
devices of Figures 2 and 4 may be inplenented within one or nore

appl i cat i on- speeird may takeadgegtbadragbmession of dagklosng thapgierdinesftithal processors
(DSPs), digital signal processing, devices (DSPDs), ..progranmmable |ogic

v cbs (Do 11 N pRograRiany’ S B8 ST Tkl o RARRLS po 8
controllers, rgoafro- ¢8itd 200 &iay, be3Biftic@Rb ACESBO LG ,acBVNdh KiedtFodnitee units

designed to performthe functions ) ) o

15 control centre and control the reactive power provided to the electricity
distribution network 1 in response to receipt of the activation signal i.e. the
activation signal turns the reactive power control device 200 on, with the latter
being inactive i.e. turned off prior to receiving the activation signal. When the
reactive power control device is inactive, the power device 202 may consume

20 and/or provide power provided by the electricity distribution network in
accordance with its normal operation i.c. as though it were not connected to the
reactive power control device 200. The control centre may also provide
deactivation signals to turn the reactive power control device off i.e. into an
inactive state.

25 On receipt of an activation signal from the control centre, each of a
distributed group of the reactive power control devices 200 turns on and begins
operating according to, for example, the process described above in relation to
Figure 6. The generation of random values in relation to the parameters R; to Ry
and/or T3 described above may be performed in response to receipt of this

30 activation signal. It may also be advantageous to arrange the system so that the

reactive power control devices 200 activating in response to the activation signal



described herein, or a conbination thereof. For firmvare or software, the
32 inplenentation can be carried out through nodules of at |east one chip
set (e.g.woppocedsees, functions, and so on) that perfoPoTiEPROIOSRST ONS
descri bed herein. The software codes may be stored in a data store unit and
executed by processors. The data store it 210 may be inplenmented within
the processor or 5 externally to the protessor. In the latter case it can
be conmuni catively coupled to the processor via various neans, as i s known
inthe art. Additionally, the conponents of the systens described herein
may be rear r anigetotagit fottvago ap Hereame tinisy imddderi tonkvand ripddranelanges or der to
facilitate the achi 6¥l00nQlibhe MALAYS A ARBER Gon SiGon. JASCHLDEI ML
regard thereto, aﬁ8p9W8y VRS AR e Slegtialy P e Breci SeMédRF CQUT at i ons
set forth in therghyen chilgddes toastivitd hftdrea ramwrﬂgijgah@dtebyinwiﬁteswl hhed in
the art. The above embodiments are to be understood as illustrative
exanmpl es of t rapseds SHET geceivng tthe rackyaiioni wepals this rapdomlyy epncraed dinee

envi saged. : For: el i i sed. , . tricity
Gi'str bt o JLERATRES e g ARd A R B B RO prRRELEA R [
wi || be clear thoadtivetieksibhadisgér son that the sane principles apply to

mul ti-phase systens, such aieggiee-egase syst ens. r, in the

urthe
above exanpl es, théncﬁWFéﬁFl ?%ﬁ © ARSI $Bt?ﬂ%ﬂéwgﬂ%§g 0¥ n%f one or
nmore sem Condgﬁés‘éﬁbéd"‘b?gtgb OISV LGRS, a§‘sbt‘éﬂ 0. &RAGH RRALS FBYnREother |

particularly Itable use wth donmestic consunption devices drawing a
current of up signabpghoxémmhtes|the 2Barhcte3Bicambshasedcsvalpbwere doritml tdeeicay t .

However , en e ith.a high wer. consunptl on or...provi.si on .devi.ce, which
S aduee alllovdtioh B Rl AoRRRE o dio SRl e il che reteiteRes " ¢
may be prefer ahpdigbitdnuseveikher sw tching devices, such as vacuum 25t ubes.

It is to be understood that any feature described in relation to any one
enbodi ment may be Usedmgl arwdinents someredithat¢aghivapenicioedndiol deweer

descri bed, an al.so be used,in conbinatipn with one or nore features of
e or" bR RSkl Sl GRTRIAB BPR chhiitl GG Ofnd T bERL
embodi ments. 3Okt PewvePEhtrot devivey 20U sctiap dind®dtht icotd TS dvdtrodeseki bed

above may al so be. ) ) )

15 In this case, it may be advantageous for the predetermined range described
above to be relatively large for the autonomous reactive power control devices
202, and relatively narrow for the remotely controlled devices 202; in this way,
all reactive power control devices 202 react to large swings in reactive power in
the electricity distribution networks, but with only remotely controlled devices,

20  which may be more finely adjusted by adjusting their characteristics remotely,
being used to adjust smaller changes.

As described, using a control centre to activate and/or deactivate the
reactive power control devices 200 enables the latter to be used to deliver
reactive power on demand to the electricity distribution network 1. Thus,

25 groups of users of the reactive power control devices 200 and/or an operator of
the control centre may sell reactive power to the power provider, for example.

The reactive power control devices 200 may also communicate with the
control centre to provide data regarding the performance of the reactive power
control device, and other information. For example, the processor 206 may be

30 arranged to record data in the data store 210, such as activation times of the

reactive power control device 200, amounts of reactive power provided to the



33 enployed wi thout departing fromthe scope of the invention, which

defined in the acconpanying clains. 34 Cains

control dw0i20|/f40852use Wi th a power device, the power decrmEP2ieiosssid or

consum ng power from or providing power to,

net wor k when connected thereto, the reac}ive power control device

conpri si ng:

reactive power characteristic of electrical
power distribution network,

detecting neans for d (%cting, at the power device,

S

a

a reactive powdsctigoistiationaictwedrkct r fasuity of | edsugemantsad fdRBCeayt theci ty

di stribution net¥ork;
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and control neans arranged to
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said reactive power characteristic relating to
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so as to adjust a value of said detected reactive power characterjstic.

2. A reactive
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using ¢.g. a GPS tracking device, and communicate the same to the control
centre.

Further, the reactive power control devices 200 may measure one or
more characteristic of the electricity flowing in the electricity distribution
network 1, and to communicate data indicative of these electricity characteristics
to the control centre. This measurement may be performed using the reactive
power meter 203, or one or more other meters. The one or more electricity
quality characteristic measured and reported may include one or more of the

following;:

e A reactive power characteristic;

e Voltage variations such as dips, sags, swells and brown-outs, in which
the line voltage is higher or lower than the nominal voltage for a short
period of time; this may be caused by ¢.g. network faults, switching of
capacitive loads and excessive loading;

e Harmonics; variations in the line voltage at multiples of the supply
frequency; this may be caused by e.g. power electronic loads such as
variable speed drives and UPS systems;

e Flicker; random or repetitive variations in the voltage; this may be
caused by e.g. mills, EAF operation (arc furnaces), welding equipment
and shredders;

e Network unbalance i.e. different line voltages; this may be caused by
single-phase loads, phase to phase loads and unbalanced three-phase
loads like welding equipment;

e Oscillations (resonances): the flow of electrical energy, e.g. between the
magnetic field of an inductor and the electric field of a capacitor,

changes direction periodically;

15



said reactive power control device is arranged to: determ ne a value of the
detected reactive power characteristic; and conpare the determ ned val ue

wi th a prwdebimadseal ue, 20and the control neans is arr aogam2a10/0685ma r ol
said reactive power contribution so as to reduce a difference between the
detected val ue and the predeterm ned val pe. 3. A reactive power
control device according to claim2, whetein 25the reactive power
characteristic relates to a phase difference between voltage and current of
electricity flowing in the electricity distribution network, and the
predefi ned val uee cdirprsiges (fast phstabhngred raphdiskangt fifi dreeneewaed thet occurs 4. A

reactive power cont.rol .device according to claim3, wherein 30sai.d reactive
power conpensation1H§9ﬁfgﬂ?§e3??3HH@3“%HdggP%3h§ﬁgﬁf%%§%¥F §%€%nﬂ%tected
power characteri stigyical)gladebn®abf of Bghower BpMfthegonMponent is nore 35

I nductive than the predefined value or whether it is nore capacitive than

t he predefined val ue, and wherein said control nmeans is arranged to:
control satd power device to contribute capacitive reactive power to the
electricity distri tei %gct?veet \Il)\gvrvlc(r icgntgo?S(Pe%?cseg ZtOB r%ag ea seor ri%c'?l?({ei r%gargsh ot the
det ect ed

control the power consumption and/or provision of the power device 202 to

provide an adjustment to these detected quality characteristics, using an

adaptation of the methods described above in relation to figures 2 to 7, for

10 example.

The control centre may use this information for example to determine
arcas of the electricity distribution network 1 requiring reactive power
compensation. The control centre may then determine a required amount of
reactive power required to be generated by a distributed group of the reactive

15 power control devices 200, and specify a group of the devices in the relevant
network area and send an activation signal to each of the specified devices. To
this end, it may be convenient for the reactive power control devices 200 to each
be individually addressed; for example, each reactive power control device 200
may have an IP address and/or each reactive power control device may be fitted

20  with a subscriber identity module SIM card, in which case the address data
comprises an identity number of the SIM card, such as an MSISDN number.

The techniques and methods described herein may be implemented by
various means. For example, these techniques may be implemented in hardware
(one or more devices), firmware (one or more devices), software (one or more

25 modules), or combinations thereof. For a hardware implementation, the devices
of Figures 2 and 4 may be implemented within one or more application-specific
integrated circuits (ASICs), digital signal processors (DSPs), digital signal
processing devices (DSPDs), programmable logic devices (PLDs), field
programmable gate arrays (FPGAs), processors, controllers, micro-controllers,

30  microprocessors, other clectronic units designed to perform the functions

described herein, or a combination thercof. For firmware or software, the



5reactive power conponent is nore inductive than the predefined val ue; and
control said power device to contribute inductive reactive power to the
el ectri ciwg 2diigi4rssbut i on network in response to a det er rCmatP2@n/0585a¢ t he
detected reactive power conponent is nore capacitive than the predefined
val ue. 105. A reactive power control devige according to any preceding
claim wherein: sai d detecting ne is arranged to detect a change
in said reactive power characteristic; and said control nmeans is arranged
to change said reactive power 15 contribution to the electricity

di stribution rieplesrdatation ceebpomsied vut hadughdeedsdesi afgt reestrencdbiresst (o), a
transition of 2.yalg RlefBhd HEACLLYEPOURT.E DA ARLENISELCIAGN08S 2
threshol d val FE°“GUAS 8¢t Ve p we ol PO O devicce et ré?%g‘%o craim5,
wherei n 20sai drigosd ft whrdTeadss mayHd avgedlit @: data storeChidng@dacyeahitde ®f t he
reactive power contributed to tKe,eIectricin di stribution network by the
power devi ce QPSS ihstdatsrséeratuatAlAdeenky igrleracied witbidthp peasesser A ned

| . . . ;
changi ng 15 omaryiiB it R ARLEEMER chERE LAl B RRARLa RURAAET
greater than gsaithe procstsoriesiobek mahne as ankinown in tlchamgeddiiensleacelid ve

power contributed to the _electricity distributjon n%;mork by the power

devi ce from s&OPRUEHE ChLRG Y Yemsrisdctidedderains@ey be 1eefragesdvd! 9 ned

val ue in respoRasdiferfedsy H&diRbnad RofhpbFARY i1V SrdRPYRTacARP INEMhiGHANEE NG From
a value greater than a second threshgld value to a value | ess than 30said

second t hr eshdhdvaralusespssi, dics eleseribetltwidsteghad thealetos ahdtieygranmdgnit¢dide | ess
than sai le hr Stg tﬁehprrgcslgleo clzoqlﬁ\éﬁllralfli%hs 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, in the embodiments discussed above, the electricity distribution

15 network 1 uses a single phase distribution. However, it will be clear to the
skilled person that the same principles apply to multi-phase systems, such as
three-phase systems.

Further, in the above examples, the current control device 212 is
implemented using one or more semiconductor switching devices. Such

20 embodiments may be particularly suitable for use with domestic consumption
devices drawing a current of up to approximately 25 to 35 amps as is allowed in
the art. However, when used with a high power consumption or provision
device, which produce a level of current which may damage the semiconductor
switches, it may be preferable to use other switching devices, such as vacuum

25  tubes.

It is to be understood that any feature described in relation to any one
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.

30  Furthermore, equivalents and modifications not described above may also be



36 7. A reactive power control device according to either of claimb5
and claim®6, wherein said control neans is arranged to change said reactive
power i n weponaessto a predeternmined time period el apsi irgTafPR@n/0SwiIa
detecting Snmeans detects said change in said reactive power characteristic.
8. A reactive power control device accogﬁfng to any preceding claim
wherein the electricity flowng in the ectricity distribution network
conprises an alternating current electricity flow having a predeterm ned
period, 10 and the control nmeans is arranged to control a sw tching neans
to sel ecti vel ynipexdrwigtoupdepartgn ofomfthpesmpe of heamdnbion.fwiigh isdefipodiy devi ce

duri ng one or frof e orﬁLgngbgﬁsthe predet er mi ned peri od. 9. A
reactive power cONP T B ae% e according to any precedi ng 15claim wherein
the control neans conprises a current nodul ati on neans. 10. A

reacti ve power control device according to claim9, wherein the contro
means conprises a pulse width nodul ati on neans, the power device conprises
a power consunption device for consum ng power fromthe 20 electricity

di stribution network, and the control neans is arranged to control a duty
cycle characteristic of the power consunption of the power consunption
devi ce. 11. A reactive power control device according to any

pr ecedi ng



25cl aim wherein the power device conprises a power provision device for
providing electric power to the electricity distribution network, the power
provi si orwoeviice74sei ng arranged to provi de a direct curPEemEP2@NA5EShe
control neans is arranged to control a direct current to alternating
current conversion neans. 37 12. A reactjyve power control device according
to claim11l, wherein the power device cd%brises an alternating current to
direct current conversion nmeans for providing said direct current. 513. A
reactive power control device according to any preceding claim conprising
means for det ddeinsg one or nore electricity quality characteristic of
electricity flowng in the electricity distribution network, wherein said
control neans is arranged to control a characteristic of power provided
and/ or consunmed by it he povectideysws @atrasddviceabot ase with d pdatce at ek, 1k
electricity quality characteristic, the detected one or nore electricity
qual i ty char adwosier skeviee chsiny ife) FPSHMING RSVCHAONLIOr PIVHHE @8WPh t@:h
electricity fl I - I Latlkons 1o vglt ; Kk

i mbal ance;yosce?%lgfrégt@gﬁfé{ﬁbﬁﬁgg\;\q%?‘% 0\}%\4 el?racraohg%cgér?t ?@@% ﬁlee ge%\%é\ﬁﬁ F%;%r 1514. A
reactive powercoatoitdeoiccdempeeingccordi ng to any preceding claim wherein the
power device conprises.a power praqvision device for providing electric

power to the el ect rdeEctie dRsaps ifoL OFt6F e Bhdh% POVRE dpYGera BF6UYSIPEN Hevi ce

conprising at dh&AstriNe oPfelecdifd PoRep! fidhifie FRNBELALIEARC RN & EdistBibRES S onal
el ectric vehicle, a personal electric bicycle and a donestic renewabl e

20ener gy sourqehmﬁﬁ,maﬁeacmﬁve pnweyc@nmﬁm@ﬁwdgﬂmdg accmn@hﬂgwt@owny
preceding, ¢l ai . Whel Sh Bt g S hERhYY 540 GLARGLPHILBRAIRIARG K, GegPr i ses @

control means arranged to control, on the basis of said detected reactive

power characteristic, a reactive power contribution to the electricity distribution

network by the power device, so as to adjust a value of said detected reactive

power characteristic.

15
2. A reactive power control device according to claim 1, wherein
said reactive power control device is arranged to:
determine a value of the detected reactive power characteristic; and
compare the determined value with a predefined value,
20 and the control means is arranged to control said reactive power

contribution so as to reduce a difference between the detected value and the

predetermined value.

3. A reactive power control device according to claim 2, wherein
25 the reactive power characteristic relates to a phase difference between voltage
and current of electricity flowing in the electricity distribution network, and the

predefined value comprises a predefined phase difference value.

4. A reactive power control device according to claim 3, wherein
30 said reactive power compensation device is arranged to determine, based on said

detected power characteristic, whether said reactive power component is more



and a distribution grid, the transm ssion grid being connected to the
distribution 25 grid via one or nore transfornmers and providing electric
power theweto11/ams$2t he di stribution grid providing powePCT®EPaoiplosssad i ty of
domestic and/or industrial users, wherein the power device is for consum ng
power from or providing power to, said distribution grid. 38 froma
control centre, wherein said control nmeahs is arranged to perform said
control of reactive power contribution in response to receipt of said
activation signal at said comunications interface. 517. A systemfor use in
control | ing readudtive theowde fredafined vahieedrewhethen tys adiase cepasitiventhaetthor k, t he
systenlconpriskn Fned value. 3n iﬁ%&%@q&gd hﬁréght%zg%nrqﬁgtive power contr ol
devi ces accord%%%lpg CHAPAM LY M EAL R E S TOIM Gy d reg%egtive power device
connected to the el®atsl id yowésdavideub icontribatowapkeitivhtbaddae godrtoltheentre
for sending a said activation signal to each of the distributed plurality

of reactive pd&ﬁ??ﬁ@drﬂi?tﬁbu@@vp@@ﬂk In response t%.detéiﬂ@%fi@@ﬁ@éél%ﬁ dterged o clai m
16, whereiq d'rEa{c‘:ﬁQ@ﬁB QP&%;iﬁfnerﬁth?n%lr#’{nﬁh&tﬁ% tﬁ% trh?%?etd'ei*ﬁe WL af@ntr ol
Yo Tnitiate per 50 d it

devi ces are arrange or nance said contrdl at different
interval s after remenhtroingid poecaddviaatol @ntriiughalductive reactiveGpowkr 3y stieem
according to either q% %%aln116 agﬁ.clain117, erej n _each saig reactive
power cont rol LY CHHBRTYLECHYOENT 1ogRose 4% A 9F g BED fhafdieddeqtébr nance

charact er i sti Genfiv@ pbESPEIMENAOWRE: B54LiESe 1ARGhERChHRldRA, Teactive
power control dEVICg I's arranged to transmt data 1ndicative of said one or

nore performance characteristic to the control centre, said one or nore

per f or man characteristjc c rising at | east one of: val ue of, .a
ot cot od Tact ve_Hovier A GREOHBHROTH tiig! favicovgreti fe ity BreStdiftbut i on
network; an argpymt whkrefigactive power contributed to the electricity

di stribution network by a ' ' ' '
said detecting means is arranged to detect a change in said reactive

power characteristic; and
said control means is arranged to change said reactive power
15 contribution to the electricity distribution network, in response to said detecting
means detecting a transition of a value of said reactive power characteristic

across a threshold value.

6. A reactive power control device according to claim 5, wherein
20 said control means is arranged to:
change a value of the reactive power contributed to the electricity
distribution network by the power device from a first predetermined value to a
second predetermined value in response to a value of said detected reactive
power component changing from a value less than a first threshold value to a
25 value greater than said first threshold value; and
change the reactive power contributed to the electricity distribution
network by the power device from said second predetermined value to said first
predetermined value in response to a value of said reactive power component
changing from a value greater than a second threshold value to a value less than
30  said second threshold value, said second threshold value having a magnitude

less than said first threshold value.



25r espective power device; and tinmes of performance of said control of
contri buted of reactive power. 20. A system according to any of

cl ai m 17 wo 201121478529, wherei n each said reactive power ®OmEPRI11ME851€e
conprises neans for measuring an electricity 30quality characteristic of
electricity flowwng in the electricity djstribution network, and each said
reactive power control device is arrang to transmt 39 data indicative
of the measured one or nore electricity quality characteristic, said one or
nore electricity characteristic relating to at |east one of: a reactive
power characteristic; harnonics in the electricity flow random or
repetitive variatiaons in, vol t.age; net ri'nbal ance; osci.l.l atikons in power
[ ow transiente 5ih the Fatr e Praf *Orel AR Sind Beting b APRmi ' hg
reactive poweranfilciim B, wicRieedid icehiryl Miesiy isutanged Retiigk sekineetiad to one
or nore power devices, the one or nore power devices being arranged to
consune power POMSHIN ESEPRSE 1D Rdedstermg cpgriod gepaing aftey ¢did Wegrdng i but i on

net work, t§1e qﬁéa'ﬂ?ﬁet%@t@éih%hﬁ%e in said reactive power characteristic.

8. A reactive power control device according to any preceding
claim, wherein the electricity flowing in the electricity distribution network
comprises an alternating current electricity flow having a predetermined period,

10 and the control means is arranged to control a switching means to selectively
interrupt provision of power to and/or from the power device during one or more

portions of the predetermined period.

9. A reactive power control device according to any preceding

15 claim, wherein the control means comprises a current modulation means.

10. A reactive power control device according to claim 9, wherein
the control means comprises a pulse width modulation means, the power device
comprises a power consumption device for consuming power from the

20 electricity distribution network, and the control means is arranged to control a
duty cycle characteristic of the power consumption of the power consumption

device.

11. A reactive power control device according to any preceding

25 claim, wherein the power device comprises a power provision device for
providing electric power to the electricity distribution network, the power
provision device being arranged to provide a direct current, and the control
means is arranged to control a direct current to alternating current conversion

means.

30



detecting, at a said power device, a reactive power characteristic of

el ectrical power flowing in the electric power distribution network, said
reacti ve woweri/ahsseacteristic relating to a reactive poren/EPonpoOsssne oOf
electricity flowing in said electricity distribution network; and
15controlling, on the basis of said det §c7t ed reactive power characteristic,
a contribution of reactive power to said‘electricity distribution network
by the power device, so as to adjust a value of said detected reactive
power characteristic. 2022. A nethod according to claim 21, conprising:
determning a val ud2of thecagvepower ¢adol dodcpowerdivgér aetrerlils wherein
conparing thet eter n;l neq val uerivm' tan B T%%,gﬁlefi nec tv%l.ue; %rnglt cont r(i)II{i ng
said reactive p%\R% CTCERTTS BUERTER® 8 alerpidng Wit 1 el (PRE SOBE¥en the
det ect ed val uenand fdrhigovatmdsehidnefcvakteat. 25 23. A net hod according to claim
22, in which said reactive power characteristic relates to a phase

di fference between voltage and current of electricity flowng in the

electricity distribuytion r i g d | d
detect ed r%acti ve t|;1§Wer %ﬁgéégfglt% L(zl?'ol segi %O,Ht%e(%ﬁfecr% ésgg%im%ettigat%gdp rgg%d%?% ve
power conponendaims eomEisinyduatdnge férhatcctieg poredelri nede vabatacioy gqiadither it
isS nore capaciq%i ve than the pr.e.defd ned valye; and in the_case that the

det ect ed reacti¥eCl5HNG of opipdHeRt flowvipetiar Menslgcrigt pdistHBrEon MEtkve t han

the predefi nedyyalituaid eRMtfR! thig 8 al-AnPVES HRYIICE ch@acteristic of power

provided and/or consumed by the power device so as to alter said detected
10 electricity quality characteristic, the detected one or more electricity quality
characteristic comprising at least one of; harmonics in the electricity flow;
random or repetitive variations in voltage; network imbalance; oscillations in

power flow; transients in the power flow.

15 14. A reactive power control device according to any preceding
claim, wherein the power device comprises a power provision device for
providing electric power to the electricity distribution network, the power
provision device comprising at least one of: a photovoltaic generation device, a
personal electric vehicle, a personal electric bicycle and a domestic renewable

20 energy source.

15. A reactive power control device according to any preceding
claim, wherein the electricity distribution network comprises a transmission grid
and a distribution grid, the transmission grid being connected to the distribution

25 grid via one or more transformers and providing electric power thereto, and the
distribution grid providing power to a plurality of domestic and/or industrial
users, wherein the power device is for consuming power from, or providing

power to, said distribution grid.

30 16. A reactive power control device according to any preceding

claim, comprising a communications interface for receiving an activation signal



contribute capacitive reactive power to the electricity distribution

net wor K; in the case that the detected reactive power conponent is

det er m neaot2011b7s%@r e capacitive than the predefined valpug/ErPcaniosssié i ng
said power device to contribute inductive reactive power to the electricity
di stribution network. 10 25. A nethod ac%grding to any of claim21 to claim
24, conprising: detecting a change in salsd reactive power characteristic;
and changi ng said reactive power contribution of the power device,
in response to a detected transition of a value of said reactive power
conponent 15adrwse entrpl el avheetingeaid control MgansAs mehgad @epwfodinngid o ¢l ai m

25, conprising determning said threshold value according to a.random val ue
gonerat on_ pr S80R 03N AR shPLBRIRNT Fpd R RE M pl FSBRG CFai

26, conpri si ngignal at saidcdddaii@udichtionsint@dgti ve power contributed to the
electricity distribution network by the power device froma first
predeterm ned value to a second predeterm ned value in response to a val ue

of said defected r tiv, r r-ac bfitoC rGRANDI r val ue | ess
than a fi ?ést hr eshil d ngls&gt\é@of?\?}g i ‘t‘go‘?%‘]é’ £e“|g e sé’pge{i@sﬁq{lh@eshm d
val ue; and clectridigniistriputidrencteadkt theaygomenmpeoisingi buted to the el ectricity
di stribution network by.the power device from said second predeferm ned
value to said firstd %é@@f@rw\%ﬁw FhITGRE R Rogshsakk AU AGRIGHE i o

reactive povelcl£haf A obibind ASRARAIAIPSN QiU bR BB YR cibdtAfin? Second
threshold value to a value | essS than

distribution network; and
10 a control centre for sending a said activation signal to each of the

distributed plurality of reactive power control devices.

18. A system according to claim 16, wherein different ones of the
plurality of reactive power control devices are arranged to initiate performance

15 of said control at different intervals after receiving said activation signal.

19. A system according to either of claim 16 and claim 17, wherein
cach said reactive power control device comprises means for measuring one or
more performance characteristic of a respective power device, and each said

20  reactive power control device is arranged to transmit data indicative of said one
or more performance characteristic to the control centre, said one or more
performance characteristic comprising at least one of: a value of a detected
reactive power component flowing in the electricity distribution network; an
amount of reactive power contributed to the electricity distribution network by a

25 respective power device; and times of performance of said control of contributed

of reactive power.

20. A system according to any of claim 17 to claim 19, wherein each
said reactive power control device comprises means for measuring an electricity
30 quality characteristic of electricity flowing in the electricity distribution

network, and each said reactive power control device is arranged to transmit



41 said second threshold value, said second threshold value having a

magni tude |l ess than said first threshold value. 28. A nethod according to
any of clwormRbi4rss2cl ai m 27, conpri sing 5changi ng a r ea®CITEP2@ONE8510
contribution to the electricity distribution network by the power device in
response to a predetermined tinme period g] apsing after detecting said
change in said reactive power characterisStic. 29. A nethod according to
claim 28, conprising determ ning a value 10of said time period according to

a random val ue generation process. o ' o
data indicative of the measured one or more electricity quality characteristic,

said one or more electricity characteristic relating to at least one of: a reactive
power characteristic, harmonics in the electricity flow; random or repetitive
variations in voltage; network imbalance; oscillations in power flow; transients

5 in the power flow.

21. A method for use in controlling reactive power flow in an
electricity distribution network connected to one or more power devices, the one
or more power devices being arranged to consume power from, and/or provide

10 power to, the electricity distribution network, the method comprising:

detecting, at a said power device, a reactive power characteristic of
electrical power flowing in the electric power distribution network, said reactive
power characteristic relating to a reactive power component of electricity
flowing in said electricity distribution network; and

15 controlling, on the basis of said detected reactive power characteristic, a
contribution of reactive power to said electricity distribution network by the
power device, so as to adjust a value of said detected reactive power

characteristic.

20 22. A method according to claim 21, comprising:
determining a value of the detected reactive power characteristic;
comparing the determined value with a predefined value; and
controlling said reactive power contribution so as to reduce a difference
between the detected value and the predefined value.
25
23. A method according to claim 22, in which said reactive power
characteristic relates to a phase difference between voltage and current of

electricity flowing in the electricity distribution network.

30 24. A method according to claim 23, comprising:
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determining, based on said detected reactive power characteristic,
whether said detected reactive power component is more inductive than the
predefined value or whether it is more capacitive than the predefined value; and

in the case that the detected reactive power component is determined to
be more inductive than the predefined value, controlling said power device to
contribute capacitive reactive power to the electricity distribution network;

in the case that the detected reactive power component is determined to
be more capacitive than the predefined value, controlling said power device to

contribute inductive reactive power to the electricity distribution network.

25. A method according to any of claim 21 to claim 24, comprising:

detecting a change in said reactive power characteristic; and

changing said reactive power contribution of the power device, in
response to a detected transition of a value of said reactive power component

across a threshold value.

26. A method according to claim 25, comprising determining said

threshold value according to a random value generation process.

27. A method according to either of claim 25 and claim 26,
comprising:

changing the reactive power contributed to the electricity distribution
network by the power device from a first predetermined value to a second
predetermined value in response to a value of said detected reactive power
characteristic changing from a value less than a first threshold value to a value
greater than said first threshold value; and

changing the reactive power contributed to the electricity distribution
network by the power device from said second predetermined value to said first
predetermined value in response to a value of said reactive power characteristic

changing from a value greater than a second threshold value to a value less than
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said second threshold value, said second threshold value having a magnitude

less than said first threshold value.

28. A method according to any of claim 25 to claim 27, comprising
changing a reactive power contribution to the electricity distribution network by
the power device in response to a predetermined time period elapsing after

detecting said change in said reactive power characteristic.

29. A method according to claim 28, comprising determining a value

of said time period according to a random value generation process.



