Reactive Power Managenent Field. of the invention The present
invention, relates to nanagenent of reactive power flowin an electricity
distribution network_In particular, but not exclusively, it relates to
devi ces and nethods for controlling reactive power flow at power
consunpt i oW@RUi/6478Pr ovi si on devi ces, Backeround of theGIHRPAHIAFAY 10Suppl y
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 conprising an electricity transmssion grid 100 and
an electricity distribution gri 1.ssion grid is connected to
.15 generating plants 104, whic el I ML ADEM ants or was-fired pl ants,
for exanple, fromwhich it transmts large quantities of electrical energy
at very high voktgﬂga Qin %he UK, for exanple, this is typically of the
order of 204kV; YR vari es by country), using power |ines such as
over head power | i nesThe gredeheintémion irklnted anm@iidgemddf rddoeve p@ws ifiossinon gri d
100 is linked to the 20 distrjbutio rid 102 via a, transfornmer node 106,
whi ch i ncl udes Ql@Pﬁﬁ%ﬁﬂ?ﬁ%@nfﬁﬁdwﬁaﬁ%mé%ﬁWB?PﬁuVH%eﬁﬁggF rEr§§Bb°y to a

| ower voltage (ididedendHicttb® fof¥aiiPlIfig rbdttiSe pSwirRive @l oweoEonbingptnder of
50k11; however, this varies by country) for distribution in the

di stribution gr/or@povisiedeyicstri bution grid in turn links, via substations
108 conprising further transforners fir converting to still |ower 25

voltages, to local networks such as a city network 112 supplying donestic
users 114, and i nmers such as a factory 110. Snaller power
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the formof a sinusaoidal .alternati 30cyr .o Electric
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therefrom The | o0ad .provi ded by e u device is typi.call t, purely
resi stive, but Flﬁ‘EfFE}B’eéh%f“ 838f\{ig\7g29%niﬁ?,“@ﬁ@lsfl8nc padi tcf)?/%c{;eﬁd or

i nducti ve QIsCMChdriegating pldies U@y iveigsh mbRevd eatdat Weangosmpgaieittd pfantshéord oad may
be particularly large in devices such as electric taors and transforners,
whi ch have a hi GHPfEoraREh 15 A lage anpttss LY Ctgcaie@ﬁrg?fa%é’ﬁ‘iyt ance.
Such devices prRgHGBI#CS eRGhd VE, G dx@RplcCONPIO RIdalWRE et dri@ws 28tk w90" to
the voltage; this results in a phase shill in the current flowng in the
network -with rBapeEt thip vires RoFQUagy, Boe PIET BRI heR Ve haNEF™ i s used
herein to refer;to (g REQHHEDn Qfid A 05 Ak MRsHNESE Bl GOTROMARY @R t he
voltage flowing at a given | ocation of the network. This reactive power

results in 28 e detribatier gyd {02avis fadransformtiaode VP& evhidhuinclpdesdosnsiommer an
effect on the ”%é"%t‘c}}]la&‘i’w% &%@%c&?y?@p;l)ﬁ kP a l%&feldgél?efgb t{ﬁpﬂ{%eiljﬁ‘,’v-for-rhe term

"real power" is use ereintore he rate of electrica
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.



15 energy consunption by a power consum ng device. The term "power factor"
is used herein to refer to the ratio often! power to the vector sum of the
real power and reactive power. Wil st the effect of the reactive

| oad of an individual device on the current-voltage phase difference in the
net wor k nayoRE1/4478321 , the cunul ative 20 effect from RGTEPHIEIEHi ces can
be significant. The larger the current-voltage phase difference becones,
the greater the size of the current thay nust he supplied, to a device in
order to supply a given real current (i.e. the current conponent flow ng in
phase with network voltage), and therefore a given amount or real power.
Further, energy |os t electric
power |ines, dependégétr,t H’ot‘%gtcg stu\({?ﬁlji& deﬂUﬁ éoqmg?trg(ri é‘;s]g%c‘%elﬂg%‘%gﬁt f&;r]et her the
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the current (WagLMRr kRl cofpoki@@Ghick Golvs 2f kaoMtH ghe! doagd) eringbmmriia t heir
operation is therefore adversely effected by any reactive current flow (due
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to thermal | os&baseall isideguyent flowing ieligpeHrional rpeckiorlt Y589 reduce t he

cument - vol fage phaS@héifemefe%e@@e Hwddonelisch howinng ieherssiale petiveiks have
focussed on mnimsing the reactive power contribution or, and/qor creating

an appropri at e resbUmMIUTIsht costpBE A0 iy vollees Bawie e 2 ghierlogtion philse scal e

power supplierg.. apd ﬁ{lbel%l.iétﬂ'g 6Q8MENSALd Andk gﬁer%)ﬁf’i‘&fsfe\’ﬁ) tBQH@\ﬁceaBut
transforner stations wt eelectr|C|ty di stribution network. For

exanpl e, a powerdssaeiom ﬂﬁi@;ctumehbamrbfandzapaewpmlwpbﬂdl ar daserdfiret or s,
 ndependent 1y QLioWnIBle £NSHAEL RS SLJ@&%%& BELMPIKRREEE ectrk ad] ust

the reactive povver contr| ower station. However, r_eactl ve
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current- voltagc phase difference in the network may be small, the cumulative
20 effect from multiple devices can be significant. The larger the current-voltage
phase difference becomes, the greater the size of the current that must be
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



20di f f er ences. Some | arge scal e consuners of reactive power may al so
use sone neans of mnimsing their own reactive power contribution to the
net wor k by using suppl enentary devices to conpensate for the reactive power
t hey generate, such as swi tched capacitors or an unl oaded synchrqnous

mot or; i nde¥@ 2014d#E5power 25 provi ders encourage indu§¥?ﬂg¥“%@ﬁgﬂhers

(such as factories) to contribute | ess reactive power

energy sources each including circu

by charging for
reactive power contributions in addition3to real power consunption. These
met hods all focus on mnimsing the contribution of individual devices to a
current-vol tage phase difference in the network. United States Patent
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reactive power at transformer stations within the 'ele%t?'icity distribution network.
For example, a power station may use banks of capacitors and/or inductors,
independently or under instructions from the network operator, to adjust the
reactive power contribution of the power station. However, reactive power
compensation is cffective 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 docs not effectively compensate for localised current-voltage phase
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
providers encourage industrial consumers (such as factories) to contribute less
reactive power by charging for rcactive 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
distributed system of renewable cnergy sources each including circuitry for

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



Summary of the Invention In accordance with a first aspect of the

i nvention, there is provided a reactive power control device for use with a
power device, the power device being for consurain.g power from or

provi ding power to, an electricity 20 distribution network when connected
thereto, t'H3ZH&4#2ve power control device conpri si ngPCTER201/EHAct | ng
nmeans for detecting, at the power device, a reactive power characteristic
of electrical power flowing in the elecgric power distribution network, the
reactive power characteristic relating to a reactive power 25conponent of
electricity flowng in the electricity distribution network; and

control means af ¢@NEEHcatdh GFARGLI QhiralofonkBBinpadtwdtk OfRatat aehreh reactive
power characteristic, a reactive power contribution to the electricity

di stribution n&highriemsielt fentpdnapaches inoeer gwodustiqno bxdjenevable \vasge of t he
det ected react kyg.Ofie RBRRAGEHliofR! Leyre RORYCsCONAOL M LMKy ST on of
reactive power at a power device on the basis of a reactive power

char act eri st i coorerenriedrentoven deovader) foe apeqwired denougieof reeedive powierran

conpensatiqn ¢ LQY. 1 oc riafi j i.ve ,rer. The
reactive pgwer ?eg%(%% g‘lewelt\%rgéj p%%aghfsegéng\érarcﬁ%ﬁ%{aeg ?% ﬁbtghcl)érﬁ? %tg{sf‘ge P Og%gl

vari ations t hr ougtbuaot oepred Sronarcadt phtheofenewabdachdrge spowesr urglontitsi but i on
based on | ocal asurenent, .and do not require central o] . in
referred enbodtanis e PEAErT Se Somestalsht +BF Kbl ico B0k s geq 1o
determ ne a valwewdile thegdethectsedcsrdamglyl v&hipgquevidshamattodrafsidtieeland conpar e
the detei mned value wi.th a predefined ue, a t he control ans is
arranged to coﬁ{frﬁﬁ"sa‘?‘ﬁ% f re%‘{:rte?f\/“’é’?m%e\/\ﬁrhasecéﬁ%e ‘Bﬁttp‘%nms"gbeag‘re ec')l%)f‘nefrrgce a

di f f er enceltbet waebrkt [Teovaete teadsteml dfasSP000/0Tmops el ek girdyi daeehl cahttd. 10Thus,

t he reactive power control device %%&%} ar r.ang&? to control a power device
to produce a r&¥cEAY KK BYRLPT i GOSN R HOGY iRk KRI8EEET e power of
el ectricity inphRediekrRatdsi city distribution network towards a predeterm ned
opti mum val ue.

It is an object of the present invention to at least 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-



The reactive power characteristic may relate to a phase difference 15

bet ween vol tage and current of electricity :flowing in the electricity

di stribution network; the predefined value may conprise a predefined phase
di fference val ue,. Preferably, the reactive power i.on device
i s arranged QY HEEP i ne, based on the detected reacti&ggggﬁﬁﬁ&&hg
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 neimoEkmpdisdtiosRONEE ploRided Eatibcal MAEbOM rtdtate pheerdahect ed
25reactive power conponent is nore inductive than thg\epr edefined val ue; and
control the powitctiyewpwer eqntiebdgviscpenables sempansaion fan e, 0CyoRErIS t he

electricity di _Sﬁlfdugyfahtenorﬂ&kwmwnnoffaeﬁdaan%epomr BorigbiRioRibAG Anlothat t he
detected reactive power conponent is nore capacitive than the predefined

val ue. _ Thumeasuteent Wvéﬁpbmbﬁmééﬁﬁéﬁﬁation device may control the
power devi C? to conﬁgg%@é bl Moot A& tl{g@@ﬁég% YEv R eoftRALYILd ¥ Grr r flows
in the elecfricity distribution network. | I'n some enbodi nents, the
det ecti ng neanstoi ®teanimangeathctad tiedeatedacadian gewimchatieterigmond \cemparger
characteristic,,and the co tro# [ angad Lo.shangethe.d.gactive
: ; : ‘ t . C
power contri butﬁhgﬁgf%m (ﬁdgvag ee"é”‘r?@f%@%jﬁn(%?@?i&bu?. on ngﬁworE,lSl n I}gresponse to
t he detecti ng neaonstrdehechitig pawer endiitiution sobs & rdloge dfferehe bebaehi ve power
characteristic tcaqssgﬁ hrea@g{d(yglue. Pqeferably, the control neans is
arranged to: ¢ detggie e nd (g Rigdefymitid ViliS ot i ve” power contributed to the
el ectricityodi stri buthugnthetaratk pbyert bdtrpow@siccdemi ieearfanged & Eantist a
predeterm ned value to a second Predeternined.v4if, iﬂ resppnse to a val ue
of the detect edPdEsdeyigsdo produce a reactive power confribution Which drives'the reactive
power of electricity 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 clectricity 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 ecither inductive or capacitive power flows in the

electricity distribution network.



10 power conponent changing froma value |ess than a first threshold val ue
to a value greater than the first threshold val ue; and change t he
reactive power contributed to the electricity distribution network by the
power device fromthe second predeterm ned value to the first predeterm ned

val ue in reQpUHsE®% a value of the reactive power cofpdHEHIV4%>hangi ng
froma value greater than a second threshold value to a value |ess than the

second threshold value, the second threshold val ue having a nmagnitude |ess
than the first threshold val ue. This provides a hysteresis in the
provi sion of reactive power to the electricity distribution network,

preventing oscil | atihofsncOe@bbdimbis, e tdic@tl nfclRCld MdnRed af deher devi ce and
di srupting current flow Mthe electricity distribution network.

Preferably, thehdagntirtht reAElRFOVE APREREEY. 39 ehemmgal DFs ieBEARYEo pover i n

response to a prAECHS AR I FBodi®hiiof tthaRRERGitAlbEbulidiScHfRIRGhI Ng Means
detects the change in the reactive power characteristic. This also prevents
250sci | | at i onsTEPUS Iveihp getPHIng deRgaedrtsoHn® a taesiiégnefta Yadiet §f tha wogtiva t he

system 5 pBvGQME.QURALLIBNSheclififs ghRELIT CI LY Tl owing in the

electricity disStribution network conprises an alternating current
electricity flow hakifpbly, freedetad mepmdslapagide; and the control neans is

arranged o contr ol g, i tallnge TRANSLE SELECLhRlLal Ot BLTHRLsRg OV sion of

power to the power device during one 300r nore portions of the

pr edet er m ned periboton tawsbiy therbodirents fromheficopedatrmiednslvedopr i ses a

current modul atjon, TEANS..: YR A8 PULSe M, dLh oAUl ol en.c,fy megns. and the
158 i, Fespon: Tie . ditocted poact

power char act e?&icglﬁ 6“60‘?‘({‘)‘#?'3@3” Uf‘yrcy%lt% *chalalt effi ST the power of

t he power Wonspogpdricompokeit Clenging from a value less than a first threshold value to a
valuc greater than the first threshold value; and

change the reactive power contributed to the electricity distribution
network by the power device from the second predetermined 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
clectricity 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 eclectricity 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



In sone enbodi ments, the power device conprises a power provision device
for providing electric power to the electricity distribution network, the
power provision device is arranged to provide a direct current, and the
control neans is arranged to control a direct current to alternating
current coM@H3l/AsHReans. the reactive power coRCFEP2EGBYE nay
conprise neans for detecting one or nore electricity Quality characteristic
of electricity flowing in the 10 electrfycity distribution network, and the
control neans is arranged to control a. characteristic of power provided
and/ or consuned by the power device so as to alter said detected

electricity qua+."k§n¥, @EQH@I%\&'} !cﬁ&r!l&eris‘ﬁ’@%lﬁ%ﬁkeg Qﬁu@fa&@l@%ﬁé}a&é}%ﬁQBf fier e

electricity quality aracteristic conprising at “| éast one of; harnonics in

the el ectrichy fdvenof thanewenconsumppier idevisee vari ati ons in vol tage; network 15

i mbal ance; oscillati i | gw. (1Y) in.t £1.ow. Thus,
enbodi nents of the dggégﬁ%nﬂﬁygﬁP%bﬁ%hﬁékﬁgghgggﬁ?%ggb??ggt @n%%g ies in an
el ectricity di sdavidouoi providetgwsedriopdiesr to hianelegacityi distripgivernebharkadteri sti cs.
The power pr.ovision device for.Provid'gg elgctnlc poyprtg&i&g%oﬁkgctricity
di stribution netQUGT RPOVFE IS Browre [ DROGEY it ey B L& QY0 | east
one of: a phot omednkai errggBetatdminl deiecaaurantperaemalingetieeht cavesbhcl e, a
personal electric bicycle and a donestic renewabl e energy source such as a
CHP power gener@t?$n devi ce. The power device may conprise a power

provi sion device arraRgesttte ppivev tdlfro dPAVEmal @ofbaseemedisIof détycting
di stribution network of tYpipaIIy uf to approxinately,/OhVV_as_the state of
the art all ows.om5ph mesirelestisEyi frehtys charsrerisiie of rleqtigtyafleying bl h6n net wor k

conprises gg transmiisSdiQAbdth etk dinditBd Edddet hiRBnsGk iaffandeh Qo tomRS AT SSi ON
grid being connected’to the distribution inid via one or nore transformers
and providi ng ethercicristiqnfineret previded anddgicFopniancdibytthe PRI dAViET $42S Br ovi di ng

Pow o1  devi e 1 BH R O Bl o ety "o d
di stribution grindre clivtrssity epblagtichemetsrisic cpmeriﬁinggem’tstionvegthavnoni@yinbe used
B L
i n such netldor kisnbalance; oscillations in powcr flow; transients in the power flow. Thus,
embodiments of the present invention may be used to correct anomalies in an
electricity distribution network other than reactive power characteristics.
The power provision device for providing electric power to the
clectricity 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



hi sonme enbodi nents, the reactive power control device conprises a

comuni cations interface for receiving an activation signal froma contro
centre, and the control nmeans is anarigeri to performthe control of
reactive power contribution in response to receipt of the activation signal
at the co@ME&PBns interface, This enables a centr &FTEBHIVESSWo activate
and/ or deactivate of one or nore reactive power control devices; this may
be useful in applications of the preseng invention where groups of reactive
nower devices are 10 used to provide reactive power conpensation on an
on-demand basis, for exanple as part of a schene in which reactive power is

sold to an el egfliisf RPUR ORI q\ﬁiisde%ﬁlhlesacqrrectivlerboﬂtﬁfﬁﬁ)t'idﬁatﬂq‘)@ it b Beasecond
aspect of the present” invention, there is provided a systemfor use in

control ling resettive@opeviawsfih ewhinatwarksel ectricity distribution network, the
system conprisi ng alndéoﬁﬁrérﬁ’d%)tdﬁgﬁn]%'r ‘Mﬂeh&%e%%w%?@&hﬂdﬁeﬂ@éé‘@&m&g@é pol devices

as descri bed above, each contr ng a respective power device connected to
the el ectri cit yonnetications irverfavetfmordeeivighbodistbntien efgnalh&ompraeseritoli nventi on
may be inplenmented with distributed grou of _Rower, s Y ces arranged
to co||ectF€e|?mﬁ'bﬁFhéﬁéB%ﬁéﬁg%“8#%9?%§%§ﬁN&gé%ﬁk?wéﬁggﬁﬁgﬁgé?ﬁgn to the
electricity di séwdrbetnirttinetimofekponFhe systpenofmay altisgriomompndl s thecont r ol
centre for sendin th?.activ tionBsi%ngh to eqpq op tpe qis}rigyged
plurality of r&YRTTYEUGBWFTESRL r DS JBIA Fel contral cntity) jo- ACTNRIE, e

enbodi ment s, dukevenst ddres nwic tdhaivplpowval ddnytolodevicegeliis ey powedfuldant r ol
devices are arranged to_initiate performance of .the.control at 25 different
interval s af t ePPRUIEEERY PHGS PIETA ST PRILR VOW SSH ORI, FOPRFS PRPEVERIES &F1 of the
plurality gf deydcesplbvian skivy owdd coimpatkitdnee sh Yon-Galisi ngsia, satdden
change in electricity power flow.in the electricity distribution network.
in some enmbodi FERPE sl of BSEmGdn WBIRR Feaebtnogier §&0d R an elaFils PR%EE means for
noni toring one,Qkidepre performance characteristics of a respective 30power
device, and for each device being arranged to transmt data indicative of
the one or nore perhorrerese chigly acewni gspcst pb thenaeeBhivaltioteiefels t he one

or more 0 provided a system for use in controlling reactive power flow in an electricity

15 distribution nctwork, 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 clectricity 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



performance characteristic conprising at |east one of: a value of a
detected reactive power conponent flowing in the electricity distribution
net work, an anount of reactive power provided to the electricity
distribution network by a respective power device and ti of f or mance
of the contYOMIEH¥Povi sion of 5reactive power. t"ﬂﬁ%‘ﬂ{%@ﬁ‘)y, or
alternatively, the reactive power control devices may conprise neans for
measuring an electricity quality characteristic of electricity :flowing in
the electricity distribution network, and each of the reactive power
control devices is arranged to transmt data indicative of the one or nore

el ectricity quapdfornahed aftfidridticGomphigin@ne | Akt oY ¢F: eheiat bf eideyecqual ity
characteristic conprising at |east one of' a reactive power characteristic

har noni cs i n t hEaRVePOMeE FRRypPaeBinloVHdB fof cFtE ey AitripationprtEorioR8 i n

vol t age; networ ki ik ancee Rokk bIRTdARS tetIRANEY dilioWiiandiidiRBShents in
the power flow. This enables the control centre fo obtain data relating to

nmeasur enent s 15respadBveapowes i dessanditistas iop perédmprrerntl shet eopBRigh B TRvisiaeot

el ectrici tysdi SFJ&R;E%W& net wor k; such data may be val uable for a power
provider in moni tor | g network conditions, for exanple. i n accordance
with a third aspect Addititrellpr@séntnaiivalerihe oerctive heve dostrprdsyicdethaa net hod

for use in controlling reactive power flow.ij J 20.. .
di stribution netWHR® %oeﬁ?‘lsgpg renﬁa*tu(%i n%r%réc%a%t%r%* guagl&\ga?%ieﬁsﬁéeé%l%ﬁgugne or
nore power devi flesingen g cectddigeatsttibutoansumek podesact pbie reavtiopoyperovi de

ower to, the electrici.ty distribupti Kk, .t d i Si ng:
etecting, at FEEbiEr sevitanest bedmefTEaRh it A B PE P T "

el ectrical jpowegledtiaw Qiglitythira@egdtiecthe bee @on@Et cdbisitity ualityahanetsioick, the
reactive power characteristic relating.to a reactive B:?wer conpopent  of

el ectricity Rowdigpristie itﬂéaséloé?:tolﬁi £ EATt BRWTTLTETAEHT I DRRRICS, Hy the

control l'ing, onethaciRasdw, idonher dpiRGE QaifRaAs WitapoWetwothafigtdnesi stic, a
contribution of reactive power to the electricity distribution network by

the power devi cescillggonssn peweidjoys endirygicns pthePRecdfdd¥ect ed reactive power

30characteristic. Ifhisenables thtddnfi8l cdnB@td b RgindA RAVADIAYESuRnchie
invention will beconme apparent fromthe follow ng description of preferred

enbodi ment slSof mhde ahyemeiohistrgiuesh ppiptadliroeghoa ety distiHéRn s nade
W th reference ﬁe(?wznlﬂ?s&ﬁ%Qmme@glugﬂl@%r%%wer 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 contro

devi ce, a power consunption and/or provision device; an electricity

di stribution network and connections 10t herebetween, in_accordance with an
embodi mentVeR 8 Yr esent i nvention; Figure 3a shows BSWEF2LEREMption
cycles of a power consunption deV|ce Figure 31i shows a first
type of controlled power consunption ofigpower by a power consunption device
in accordance with an enbodi nent of the 15present invention; Fi gure
3c shows a second type of controlled power consunption of power by a power

consunption device Fdﬂth@lcféﬁﬁlﬁb@fhﬁ@ aWbdnbhg@oeid adlichmsit wof bdcb@e QFﬁhiﬁi’r!t
i nvention; ure 3:1 shows a third type of contraol ower

consunpti on of TPHRT foﬁewgéle-‘fsawn @mﬁmmdﬂ@w@é tk}eﬁ“‘é?@&%@é’ﬁ&e with an
embodi ment  of HNQaPrRSeRhplk RKENWHAAis made withFe@nee fbo BRAEoEphP@ct i ve pover
control device, a power provision device, an electricity distribution
network and cofe&Zons t herebet ween, in accordance with an enbodi nent of
the presents i nvention; 25Figure 5a is a graph show ng voltage versus tine

at the output of a DC power provision device;
Brief Description of the Drawings

Figurc 1 shows a prior art electricity distribution network;

Figure 2 shows a reactive 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;

Figurc 3a shows power consumption cycies 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;

Figurce 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;



Figure 5h is a graph showing the variation of voltage with tine at

termnals of an li-bridge controlled by a reactive power control device
operating in a first node in accordance with an enbodi nent of the present

i nvention; Figure Sc is a graph showi ng the variation of voltage
with tinme aWOREHMIWEA s of an. |i-bridge controlled by aP¢@HEPIHPESSHower
control device operating hi a second nobde in accordance with an enbodi nent
of the present invention; Figure pd is a graph showi ng the variation

of voltage with time at termnals of an H bridge controlled by a reactive
power control device operating in a third node in accordance wth an

embodi ment of the prp ﬁl%t 5d ﬁqgr%r!#g-n l}owutﬁ the FArBHES ogcvg!ége wih aph ghow ng

the variation of curr rent provi to an electr|C|ty
di stribution netmnialsbgfaafbbm@e cprtolicd bp A raetiveq@wsoeantiol devibeloperatitgeact i ve

power control devi ge 5 (?etllnre]t trcPanEew1tlf1Sﬂgxﬁbq@?rgﬁggpg%g?eg&?fnm%ﬁ Wi th an

embodi nent of tHK&? E)clp%sen i nven ra show ng
the variation of curFigote 9d tiha dgripte siafwicgitieendriapoo\oif dedtagcoweh teheet ricity
di stribution network b on device contro a.reactive
power control . &EWRE %ﬁ%?@fr\i{%ﬁ F (iﬁﬁ@")%@é%“ﬁtdvelﬁ%vgr ‘H‘trgL%th‘*cgé’\é%am\lﬁth an
enbodi ment of t hea PSR it MeéeRbARWithlhRhddienchgofithe pregheiptensibowi ng t he
variation of current with tinme of current %row d dto ‘n}FeI ectricity

di stribution networ kFigjrezcdbagierhshoying R veaiier 8° it wlth BgC 8 U Poact i ve

power control %de%dQBeefnaélb&ﬂcﬁWdﬁﬂﬁuﬁ&pﬁ&d/oﬂ@ﬂfi al fov GREEARCeMbd h an
enbodi nent of the present invention; ure 6 iis a flow gl agram

showi ng st eps péPﬁt&ﬂﬁéd’Yb%/fﬁ‘&“ﬁ‘@aﬁ‘t"?e&éoﬁt&ﬂé‘s"@ér?ﬂ’?‘@?‘ngjévfh@eﬁr%@ﬁ T8htrol ling

a power COnSUPL,EQR AN AR nPERYIIEAR of Y pRecrk Mvagkt dance wi th an
enbodi nent of the present 1nvention; and Figure 7 is a gr aph showi ng

measur ed network readigwe Spawer gror §ng@ﬁ'@r seredon ey wheimeaet a power
consunption and/ errer%éﬁw 1{i;édot% qugl'egtﬁcﬂt)nd 9{1 H&GJQYMB a%wmlﬁﬁm of the

present invention tall ed Description [ nvent Figure 2
shows a reacti vecpomnesntoded bpla rctemvca)oSZ@OCdrmnol dsacd qmt@mgrlolthﬂ prgord phase

di fference betwee thec rrent and th tage city flowwng in an
electricity di st UL 6 ﬁrgtemvﬁthkanfmtb 31{1}?8! t"%lgea?rggenﬁnf&tn% ower device 202.

The 15 Figure 5¢g is a graph showing the variation of current w1th 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



30power device 202 may be a consunption device, for exanple, a | ow power
consunption device, having a power rating of |less than 500W such as an
energy saving lanp, a nobile tel ephone chatter, conputing device supply, a
medi um si zed power device; having a power rating of between 500Wand 10kW
such as aVpRrEYHEBS2el ectric vehicle (PEV), or a | argePpbRBIIHENTLe, having
a power rating of nore than 10kW such as industrial machinery |ocated at

a. factory. It should 5be noted that the devices may be singl e-phase or

mul ti-phase; in the latter case the above power ratings apply per phase.
When the power device 202 conprises a power consunption device power is

supplied to th i [ &L L PN networ k
1, typically i%Wgﬁgg%%$ﬁ¥%§ﬁ%%gggﬁ%gg%%??fanﬁﬁ%géﬁgﬁgﬁg?ﬁas[gﬁ%?gnt.

The power devi secdd®Fendgrical hayingat fowst jatiog oflekdivedandRaM anddOkr Bd aa power
provi si on devi h [ OV] i r LIl Gl [ Stri i on
network 1. Thegg%r\%\(/)élr%f %%’cg\(i/’ci ‘éelqgcrﬁc @g\%}’g éé?aﬁgé;ﬁog%lﬁg%ée‘éﬁ%&yoﬁoﬁcégaﬁgé ation
devi ce that geofmatelsnpldWif, sudiasdgyduftonl reaxchimetyelocaphiont evfadtdrai dt sbedlls, or it

may 15 conprise a device that sinply.stores energy.and.rel i.t when
required.n%onegﬁg§ﬁggﬁtﬁﬁﬂe?ﬁﬁé?gaﬁx%%%%p%ge3?%8%ﬂ¥m%%ﬁéﬁﬁ%%%g%maevice and
a power provi stenbae\pose: rafitds apxlgppl ghasper sonal el ectric vehicles (PEl")
typically have the acitz to stor Iarge ampunt of el%ctr'city. Thi s
neans that, in addi V'i"gh%% %%fﬁ%V88§@§ﬁ€F@ ot HEREY, “YREPOENBE Used as a
source of powepod@ristsippl2@ tongé \Wowkr advidd PES oM thic ghecerzivp nddstribtioh
electricity stonpdliptyhe”batgery ofpthe‘PEN,being+fedhback.to. he net wor k
at such times. network LitppigalgdgithreiRrg oen eRenyngLERtnt HoBAE PO SEAE power
devi ce 200ig s gy&gﬁﬁ%kmnﬁgnnected to the distribution grid 102 part of the
electricity distribution network | described above with reference to figure
1, thr exanple to alllcopaver2dnyeevwtiRkmay @Hemaivgly pf pdgileigdy omprise a

power provision device that provides power to the eclectricity distribution
network 1. The power provision devices may comprise a power generation
device that generates power using, for example, photovoltaic cells, or it may

15  comprise a device that simply stores cnergy 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 may be inplenented as an intewal part
of the power device 202 or a peripheral device thereof; for exanple, it my
be inplenmented as part of an AC/DC converter for a nobile tel ephone charger
or PEV. In other arrangenents the reactive power control device may 30be

i mpl emrent edv@goiy148Rnd- al one devi ce, whi ch can be connd$iTéd2q1d/03he
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 power control device 200., The exenplary reactive power control
devi ce 200 shown_ in Fi e 2 co LSes a reactiyve wer t 03, a
control unit ZOHfterqlﬁag%HglfP%eﬁEdé%ﬁ a& {ohle PR&Vi ceglcﬁiefglv?ﬂ@o“feéac r %Jed/%omer

nmet er 203 det ech®vilad poeasty, efe aleteiatcy idieritpove mectak 202 evia shd ecaltRiRC)
rehnin2 to a. reactiveog \Ne%ezc%n'ponent of power flowing in the electricity
di stribution nePRTOTTAAYEEWocati on of the power device 202. The
reactive power neter TBO3xdElargQuitive @odePitasel dati@con shodhd iwHighe i2s
commonly found in phase |ocked Ioop (PLl,1,) circuits, vol t net er and

amet er conbi naP?W}Se%ﬁEFaétl‘f?lHS’é‘i?,r“\R}?Fgﬂj’ﬁé’éfg‘iﬁ?lém\‘}c?logaﬁ@ HNTRFOPEN  of
electricity in fhgeeheCt TheirdaktidH HEWdrHEtbOP0NBLWR knd ndhsubdies ka@e@ftel on of

t he power device 202, and tim ng characteristics thereof, or any other

devi ce capabl e BQ’W‘?fefélé@P‘icmlea(RrP%ééﬁlﬁw PonBFACETaPerey sPIBPRcRt 8f PPWE
electricity flowpgoiiR dd8calies) HsGibliof h&bbhPY Lt aR BEIWATS: thd Peweeact i ve
power neter 203 sengs nmeasurenent signals to the control unit 204

i ndi cative of RB@Gcs 202defTbe treactiTh gowmeraweice Alhmayi epaise Fehabnestedier dat a

i ndicative of the. i / i i \Sﬂﬁt th | ags or

| eads the vlg)l tag“gﬁcgg?méﬁ@%gﬁl@‘e‘q‘éé%%?@%Cg%%g’ﬁﬁ t. )2 %Jtnsﬁg? %Etgln gl | owi ng
exanpl es are desmometedombinhtion, ehdr enbekt whahdeteutedlippased dufréwrence;
however, in so nbodi nents a dif,ferent RPC pay b ef ect sed to
determine a nnggleq*wl?yhl qﬁ%ﬁ% tln\cllgy 8‘8&%’%‘ MV %gocétgc& &%rl%?gg”)\('%npl e, 't
magni t ude of t hdeviead2] wel Ao chacitraneatihcralf, ar powaherfdeicorcamiblet dfe
electricity flow Further, where it is descriped herein that the . 25

react: R c power MFRVERS SoFacthis RO sehagieiciylg 8 t(aé ' egaﬁﬁa Rie hillfi d. be
under st ood 150 i piettHeley cRSASuthEnEwbRE I @ast teN@ivPOop&rermitctst 208 spriddvi des
data to the control unit 204 fromvx/ni(l:h the {Sgtter 0Eggé{)derive t RPC,
exanpl e, the reHEtUREEbHRotRs congrel wall 20t Boicad e U EEESHt gt unthe wi t h
data indicati venRfsutdn{Bn8sna me @elieldaRGRdigNT e Ree Gali@dd aiforaldner nati ve
power flowi ng the 30electricity distribution network 1, from which the
control unit zoﬁ.enﬂgheﬁ@f ithe cyrrent lags or leads the voltage) of a reactive power

component.

for

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 electricity 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.



phase difference. 14 The control unit 204 conprises a processor 206,
a data store 210 and a communi cations interface 208. The processor 206,

whi ch may be inplenmented as, for exanple, a programmbl e device or using
sinple logic circuitry, receives the neasurenent signals sent by the
reactive powemimesser 203, and, based on 5 these si gnaPSTERE{FHlhes a
current-vol tage phase shift of electricity flowng in the network and.
sends control signals to the current cqgtrol device 212. Th.c data store
210 may be used to record data such as data indicative of fliCaSUrClitaltsS
made by the reactive power neter 203, control signals sent by the processor

206 to the current ﬁl%ncto{’lt%l.uqﬁ\ﬂﬁ%o%\égsae‘:s %g)g(%ce& r 96k, a a8 ddrD 216 BiLpface 10

208 may be used. to cormuni cate w rol centre to provide it with
data recorded iomrhindcatiapsaingtforec20&ndhopracessei 206, wbich vizayibenmalsteeted

deactivation sigpals fromthe contrql .centre; . nt . and. its
i nteractions w% Ff’rteﬁaénf?l%é‘cp[r?g%mﬁlgb\ﬂﬁﬁwé%en a8 (Sﬁg de ?ecléglgv?n{rﬂmg’gg%{e@(s:ri bed in
nore detail belhowheadilten&islstoptlt seantyrid ralewicqewel meree 263 vaad, tord pol  si gnal s
fromthe 15 processor 206 and, based on these si.gnals.. . NS current flow
to and or fr on?@??é‘%%getm?eéél P (S ﬁﬁfc fﬁﬂg OSS%&H ggé@?vglél%iﬁz
contributes a pRagtwole ROV oMl kRnilhen eleairtitaiohtyoldlesice i2huit iThn net wor k

1, the reactive power flow contribution fromthe power devjce 202 being
sel ected as ei t#Herstye cafadii Ve vsrd & rFW&%C‘{Qfavéu‘ﬁ‘o\ﬂbr‘{afal (')‘%dl ﬁv%s(’%t o drive

the current - voltag&REASSdd b HReRGe: ZHPWRIES0R cBftol Oghilmum valhue, as
di scussed bel ow. _E.xunpl ary operations_of the current control device
212 are now desOeesaEd®Ofite Mo eFspiairEBECk FVEF qlre¥i93] Fo 3, YOI EH%Ehow a

variation gf Vggé /g bﬁﬁug&l thiBBinfhich R 8viBONESntAEVInES (@ PRvidear wah @adat y, the
power device 2 In"these exanples is assuned to be a power consunption

device and is rwebued édtheglanssta@s an@g@wgeimm@tﬁqn 3:‘@%@?“‘5@“’9&&%‘?'& ood t hat
the exanpl es p%%gﬂgg%@%gk%n%%@cgﬁ%ql LRt dng itglfﬁt@r@%iois whi@ tROWREtiRI OVi Si on
$

devi ces. areas o igures 3a to 3d represent periods of
ti me when the eowerentird datices|wil by ileseriletn o delildotoie power consunpti on

device 202 to draw Ty rent f(':’o%{pof &ifl 865 T jClity dighl | RisbisORometnwork 1, the
unshaded areas repr esent” IﬁOper I ods o% time V\i]en trﬁe current control device
212 controls t hecpeowe206 and, based on these signals, controls current flow to and or from
the power device 202 such that the power device 202 contributes a reactive
power flow to the electricity distribution network 1, the reactive power flow
contribution from the power device 202 being selected as either a capacitive 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



consunption device 202 to draw no current fromthe electricity distribution
15 network |I. This control nay be pert-tuned by operating a sw tching
device, typically a sem conductor sw tching device, to selectively connect
and di sconnect the power consunption device 202 to and_f lectricity
distributi P HAVWEER 1. In this way, the reactive pomefcigg%égﬁwﬁgvice 200
can 5 vary the duty cycle of the power consunption device 202 such that the
power consunption 202 devi ce consunmes poMer asynmetrically over a given
cycle, thereby adjusting the anpbunt of reactive power it provides to the
electricity distribution network 1, as is now described in rnore detail. By
nmodul ating the gug&@NL Prioyided! hly B ek BOosRHNRL iaiwideM) devicd, he
reactive power 10 contribution of the power consunption device 205 can he
varied wthout WBICHE ahyCREARIICHR afWitshEn devee g SPISETRY a3t 9 power |
such as swi t cheg, GARAEIHOLSwel Bordsi@btiod 8viSURIENS MBdEbAt thortidraidod enabl es
a faster response to changes in network conditions than is possible with

t hese additi onadistribuating, network 1f jIn skhis mgdethe feagiher ravics forol gpdcs @9t nve power
control devicce | ' i evi ce 202
dr aws curre%t f%%ﬁﬂ#ﬂ@“% e???#@???g ,§?§?gﬁ%@§ﬁ9%§?3%%&ﬂﬁHﬁﬁgiﬂﬁﬁg whol e of
the vol tage cyctmsumhptionhi08 devie consugics powenasysorsticelly dessi ceiven gydves not
exert any influgnce on. the onsy i.on. devi ; | 8. “Sviitch,
referred to abotvgrelg% a?JHSténr% &g\rgﬁ{oﬁgtsgﬁsﬁgﬁwf ogrl) “{lﬁ\eﬁl ﬁ\lﬁ‘é‘l%g@g# tht% heééc\ltﬂllgcl1 age

cycle, in this dsgeutifn epesdatli enis tohedsaitednt moontetal. BY madelatiegth212 has no
effect on the current-voéta?etﬁhase differeqce inihpemge&mcgg, J&%ﬁ node of
operation is refBEPEPEINerEi A JOMET - (ROTHPEIOR dEasS i B”'$€cond rode
of operatian shemtitufiofrbofife pdlads cdnbemptacieiice 2pDvar becanitd olithaewismg 200
controls the power cons tion device 202. to draw current only for a time
period T1 after? a?éﬂltlppﬂgl?qaﬂﬁoﬁﬁﬁ’flf%@% LSRR BOYER P aﬁ@‘zﬁ‘@,ﬁgg@églt‘ﬁ zero.
This resul ts i NF@teHKhEASORBONSTN Mthedenadlch @ Fashe Ge¥poihsado tigantEeins ame
frequency as the voltage, but which leads it i.e. the reactive power

control device PEFOKSARGiEPES thawids pesiible wighbeirpdiifAnalaFrte 202 to provide a

capaci tive reactive ROWMREst R R oBLBEST bk YedtiSd HbPEH doftoN@IvIKRr 300
conventionally, liv phase difference is assigned a positive value where the
current |edds t#evwndh Fixyee 3300 POWAICABPUTIRTIGN EOMREIVEidEAYYS GUCRIHTAEN HiSde of

operation, the [EagliePONER FANLY oAPYCERA00 BRIIRkSCHRe ROMRS

consunpti on device to generate a positive .
mode, the current control device 212 does not exert any influence on the power

consumption device 202 i.e. the switch referred to above is in an “on” position
for the whole of the voltage cycle. In this mode of operation, the current control

20  device 212 has no effect on the current-voltage phase difference in the network.
This mode of operation is referred to herein as a “neutral mode”.

In a second mode of operation shown in Figure 3b), the reactive power
control device 200 controls the power consumption device 202 to draw current
only for a time period T1 after each time the voltage at the device 202 crosses

25 zero. This results in a current component which varies according 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



16 contribution to the currentwoliage phase difference of electricity
flowwng in the electricity distribution network 1. Mddes of operation in
whi ch the power consunption device 202 provides a positive contribution to
t he curreq& gﬂéﬁ%e phase difference are collectively referred to herein as

a "capacit19é 51n a third node of operation SHSFE?VHEYure 3c),
the current control device 212 controls the power consunption device 202 to
draw current only for a tinme period T2 Isefbre each tine the voltage crosses
zero; the length of tinme period T2 may be the sanme as or different to that
of time period Ti. This results in a current conponent which varies

according to tbentSanRnfts S@Ueneit-v8BadeMBase iFfarelct dgeiccthbity Mbliahid ags it i.e..
the current control  device 212 controls the power consunption device 202 to

provi de an i ndGEEFGRY ESHIBMIRURGIA™Y & PR ¢ BRAtAL IRV HER S ol | owi ng

the above- descehRedpG e 200 prdvitict RipdsiMA@na{buaPe FAhE eftrert N8I gacCt | ve
power control device 200 controls the power consunption of the power

consunpt i on devhisedidigenearp egfgiéeharciegatq heeein a5a Gémcttl"ﬁquén to the
current -vol4 age phaﬁled m&ftﬁgc@mpafaneh I il lf%wfel Wtﬁg cliffedtREniRli€Ct rici ty

distribution network 1. Mbdes of operation in e power consunption
devi ce 202 prod¢des2id cn@g@ls ihg @oweroniumtioodetios o duavw emtenvally &ge phase

difference are, gﬂ% E{%ﬁ%g‘f‘?%forfga%ﬁrt tLQV&gg Phs88 2R tﬂcflg&g@ fﬁm@de

Al t hough Figure oW three 1 operatio e current
20 control devadzli[zzmaybttb@mesamodufﬁwmtwthftthmeperesieTﬂt Tlmnemluson, t he

reactive power . ( rq1 ? 200 has a different nunber For
exanple, it rra avrée ar %érngﬁ% hoded PRt RIYR Phec v \77'51 “uest 0e pyI'?LS %ﬁdl or T2

are vari edlo ae;ltetga, lpmmmda@ 1g1reeateenument comadlldevice @ BT tanrelsabapavddut i on from

t he power consunptio Vi addi ti onall r alternatively have
one or nmore no rﬂs)’mgf’{]orb%" gpé?(f Bﬁ?vﬁdﬁ ﬂ%‘?%‘ﬁu‘fch%m\quufléﬁ e gows‘ "di vi ded
into many ti metigletserkw thllswfrfgetné ab@iendy s chiteanc dnk oifi G lie etiechodoas of the
slots in order to adj u}ft t he. reactive co trlbutlon of thev\t’ﬁovver consunpti on

devi ce 202. An°RSKYIBI EMor reagibR Qo‘ﬁffdé:%tfo ofeysh i 9N rcentehovfci PP gure 3d),

in which each baishmgtidl 6f Ghel FovikirVicaQanitidh Odebfeet 107Bt0S hRkSse Wdegat%\/\er bei ng
drawn from seI ected ones of the 30tine slots; although only 16 slots are

shown, f or!easEOGHOWIAN S $F SATHOLasy phess differange Bt ﬁlafm@%?‘@n@lwhm be
di vided into MBRMriBUN ARSI ndtheMSBNdS1dbs 8F 8p&ationlifi which the power

consumption device 202 provides a negative contribution to the current-voltage

phase difference are collectively referred to herein as an “inductive mode™.
Although Figures 3a) to 3¢) show three modes of operation of the current
20 control device 212, in some embodiments of the present invention, the reactive
power control device 200 has a different number of modes. For example, it may
have different modes in which the values of T1 and/or T2 are varied so as to
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,



whi ch enabl es a snoot her distribution of power consunption over the voltage
cycle. In the exanples shown in Figure 3d), power is supplied to the power
consunption device during every other tinme slot in the early part of each
half -cycle C, with power being supplied only every third tinme slot during
the later PP EH{4788ch half cycle C. resulting in a cap&di®rVEPetctive
power contribution to the electricity distribution network. In sone
enbodi ments of the present invention, theg current control device 212
conprises a Pul sewWdth Mdulation (PW) unit, and operates according to a
PWM net hod, as is now described. in a PWM nethod, each cycle of the 10
power supply frfchRGautdser ihbdthdridisikioh RO &nWRitioh dver RBabagdi Vi ded
into slots, for exanple a fewtens of slots, with 1:he proportion of tine
during each sl o@ycifhgﬁl hewsrmples shopml indtigtre 3dheopsisr suprddt terthp PO devi ce

212 bei ng vari ed aGRALH 10ick Ayfillee REOLA-PASL LbOR hO clileps¥ G &eh har. exanpl e,

t he power consunptio evice 2C . e run at 45% of capacity during the
first and thirdegieaf€t eith potverlBingaphlicleile eveandhivt tiBe ot duringghe Féersecond
and fourth quarters.t nedy § ing" i. ' &4 gution.
Thi's may be morange QPO drnb LR R Yyl AL RpE rBPARen AR (0T ¢
and suppl yi ng pteelectrioity tistriboter netomBunpt i on device only during a

proportion of the sub-sims of .a given slot..for.examle 20 ent.i oned
above, alt hough theu]g‘%'\?«%C%‘g%%f%yﬁ@ggrrcﬁ%%wvf%mrrl éﬁgt P%eﬁltg%t %%rcﬁ%ees 2 and 3
refer to the poRErcaeptiseLa PORe-a6did NModwbitioa (RBINTpEin Andlepdrates adcord8@me

enbodi ments of the present .invention the, powe vice 202 . is a pqwer
provi si on devick %\B‘R@ﬂ “ﬁ?ﬂﬁ\‘i‘l He's nBHv%Fcr‘thd't ﬁba E@t‘?qﬂlﬂdt §Bic¥tlF ioga}ei on
network 1, it hp&ﬁ&‘éﬁﬁ;@l?’frdﬂ{ tHRQUEAridit@ tdi@fibdtida metwirek ¢ AR pTRidivadedtier eof
being controlled by the reactive power control device 200. ]n the hatter
case, an alt er nHPINEr cxamRing oV 618 Pbdlopy “ithdhs BrRBPrtigR of ERcsyong §2%n i f i ed

i n accordance wWibhinhg, Wb ey GidRSLlol REHoRéd Jb%hﬁhd;ﬁﬁn dEhics 20ebaRd vied
particularly suitable when the current provided by power device 202 is in

AC Form or is ewaviémtedhadrtanosiontio tin deitolos ey hsmoees seduagigescr i bed
above. l_bwﬁ%goﬂcg%lﬁgé% YU8H/Eo Ll RO WRin ARY HER artPirBlg@MIefesy a DC

7
current, for exanp power device 1S a solar panel or electricity
st orage deviSce, cach&yskachndagt 55%PHEuriog the sesondend (fawthr quarteis g airedusaitat ery, it
may be COEWeI i 10, .npdul M Eent u@é AG. conver si on
process. Furt heﬁgé§1 ﬁrﬁ 6‘3@%’?‘%@?@%‘8@3‘%‘@ %h?bfjr\??gé% lelflﬁg&pﬁ W%l're191 vi ce 202
is variable or edchl efvttguéiet slots fioto extastpts eandnswpjore sowe i thef pelver

generator, it may be convenient to convert.the AC . power .tQ. t e DC
power before ref W@tﬁot“i%ﬁlcff)&?’cﬁmgﬂg %Eroﬂgr\/t\}g?ogglggwgg\é\% of 8%8‘.]%?1’31t0 ﬁ[g(l as is
now descri bed. FHhenph/ DC conversion may be inplenmented using a tenporary or
intermttent energy store. such as battery Fi gqure 4 .sh details
of a reactid’e power g%ﬁ‘te?t&ﬂne abrveeloigneh ﬁﬁtﬂwaﬁ‘@plﬁ%gﬁfcﬁ@dﬁﬁf@%&n a

(DO ACQ) conver sigfbud@Vvi £ 3(relet ke pel@rdetide RO &S el ConsinAp@sit@Kicy, as is
descri bed below, In this exanple, the reactive power contrql device 200 is

used with a DC Powelr qgredimsntspf dspresnbinsention iy ROMET darcertt £BRPYY devi ce

212 conprises apobsRnidoee 4hZn pafidd o6t tHO4candtyalidtnndh aeimek 406,
functions of which are described bel ow. The DC su][%pl yffrom a DC power
€rco

provi si on devi ceitkmyision efpaneciadigr than the consumption 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,



15 an 1i-bridge 412, which conprises four switches 400a to 400d, which are
typically inplenmented as transistor or other sem conductor sw tches. The
H bridge 412 is controlled by the reactive power control unit 204 to
control a reactive power contribution of the DC power 8r ovi sion_devi ce
202a. The W2 BHY/482% s connected via terninals 402a an8YHEBHWVESHR i nduct or
404 and 20subsequent conponents, which are descri bed bel ow. By
altering the configuration of thc switclses 400 of the H hridge 412, it is
possible to alter the polarity of the tetm nals 402a and 402b of the
I1-bridge 412. In a configuration in which diagonally opposing sw tches

400a and 400d gf.g QREPERNE RWohANESAONRy AN BatkPPCit M9 el @mechicdddr i dge
termnal 402a is 25 electrically negati veé&:l .e. current flows through
oy

termnal 402a toderadhe FETHEERrIv el @ dMnihal oRRYEsion PrHsssp ol hribyi si on
devi ce 2020, whistsinddalr pfae Ipﬁo%d&h @?lﬂtleﬂl%ﬁr lsvi€d BRLE veilYorR@ShW i ve (i.e.
(0] e

current flows through term na of .-bridge 412 away fromthe

posi tive ter ni palityldraexemplehie apdmeastippioliict gonsraday jtdeaysioponveasHver sel y, in
a conlipratd on_] |C ' e ) 30L& ORER idRdL st ches 400b
and 400c arslc Cf‘%@g‘ﬁmﬁ 5‘?33%52’ %%tré%gna(?g%%g&?og e ectvﬁ(gaglly _pgsi tive and
H-bri dge ter m paver402ndingtoa] reathod aas hgw desgabddv eThe AC/DC coTimessiph segssor 206

of the control _unit 204 .c r ol i i j o) t he
N b dge o0 ot Eodaioh L R 08 PR AN BB LADRB D¢ 11
signal fromthe H bFigdge sht@s daaifsed ¢ waaive ipnaerctootroldd4ice BAD that swpot hes t he

AC'signal, and,from there Lo, anLrans{orier, 406, wiheh Sadiuss s, the signa

to have vol t agé® $tit 8bP&" for® tr ansmi §EVon I'n " t'he Bl'ectrreit y di Stribution

network |,10t 0 whiater)f fas degriedd etam Irhist sxamglebthareeacd06paveer feattrol

Figure 5a is a graph of potential difference (V).between output termnals
401'a and 401b 8‘?‘1 he SSisrd BHBvA bpﬁ?vﬁé@f%vgl%&wca%oéf"n?{d #‘F 7N . The
potential diff esfeidcelehBe STIOWBorASiBONMV BIFYHJIRY; 4120 49 agluitee 408 herde amay he
some 10 variation with tinme, according to,. for exanple, weather

condi tions, if TEHEPSWEIO: BeiAns PorhigR 9 despbohbsleY-a sol ar power generator.

Figures 5b to 5d arehgheRhsiyhem NgCoRet gbbikish deitd Bneicenhekwesn 11-
bridge term nal s 402a and 402b against tinme, when the Hbridge 412 is being

control | ed!d n & fH-Bridast 4 1o deéucha 6BRETH 40U oS Ve IFBE I IRentos 4YH, tHéchpREs ent

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



15 invention. Figures 5e to 5g show a correspondi ng variation of current
(1) with tinme at the output term nals 408a and 408b of the transforner 406,
iXx. the current supplied to the electricity distribution net work I. In
each of the exanp] described with reference to figur t he
control unﬁgﬁﬁﬂ?‘ggﬁtrol s the H. -bridge 412 such that ?%gi?&él?/gﬁg@ 400a to
400d operate in a 20 periodically repeating on-off se,quence to produce an
alternating current at the output term nd#®ls 408a and 408b of the
transforner. The alternating current produced is arranzed to be in phase

wi th, and have a half-cycle C length corresponding to that of the

elbecL rici tK fl ow ng The [sn?eesglbezoa io€ithy @h&dlr hﬁutjooncdm&blwﬂlkddwitching F: gure
5b shows the variation of voltage agai nst ti at the Hhridge termnals
2028 and 402h WHEHEVHEOBSHH RoH-Hiflee S0 1 Srodias by i fignal Ef@m%mna‘@e 412
according to a meutdnadl4onpdeneticaperahitenH-trigt Bi 5 igmRdeo of indRebanonn, the
control unit 204 controls the sw tches 400 01g the H-bridge 412 in a

repeal i ng ono i Vhisgawethes thinfErsignal.apdrfem theraottraaiernss itioewpsint . of
each hal f-cycl e, (s 3RS0ER1 I RV RGaSLETi BB BHRRAdAISPin N8 cRLBEYI City
distribution netWork I 1% a symetrical sinusoidal alternating current, as
shown in fi gur edisebut@inmsevarké, torvhichxbe ggial famttee wanstmaet 406 ieigdr ent provi ded
to the electricity di.stributi il i | ) tre point
of each half cycle 1?&%89?&6&61%&; ve \g%&lé?l d?éfgﬁ%{ﬁggi?cgﬁ@&gdh@gg%{lgﬁ{ghe

el ectricity fl ofingndvdlheofehepowemcproyistinsdavidslizlZbnagrensmoimke (TBFiTgar e Sc
shows the variation.of,.voltage against tine at. the .Fl-bri termnal s 402a
and 402b when t%%ergbaﬁfilrfgﬁrenlfﬁﬁsrf%’f 1°s"°Cont rlﬁ’llPHf;ac{lﬁéé tF{r-e gr?dl?’(})gegsoggcor di ng

t o a capacilii vevariaden oitth aiper aicbaiing tonfot bxasnph® deathtr @pditiahs, dithe pévecrcont r ol
unit 204 controls the switg es 400 of the H-tbridge 412 in a repeating
on-of f sequenceP KPR IFYcy @Mfegfsroaépggﬁﬁcnfrﬁ “centre point of each

gal f- c% cle, such 10kFi§1h1@§ 5b hesdate gedphs Shtpfih'g e(j)otdﬂtihlhﬁffaleﬁ&t‘tfeiv@eiehﬁﬁ
istribution network 1 is an_asy, ric alternating rrent, as shown in
figure 5f. The bﬁlféﬁ&éﬁ%l&ﬁs69%1%%5@%@“%%@6&3%’% ﬂfigeo\ﬁnkz 'ﬁrS?P'&ﬁgh the
11-1-bridge 412:ingrdlih@rdidtEd nddr8 dekbstindad Emebd@aahs batife gi¢sde C , such
that the current supplied to the electricity distributiaon network |eads the

vol tage of 18I ectwfmiony Figusti g0 OBeheW f;cOTRSTOR{IEE Yaiatiop @é Uz Bp #et i ve
cont i butlon | Sk B8R dCEn 0L W08 8h@abSY 6F bk denQBr 40, kREthe

electricity distribution hetwork |. gure 5d shows the variation of

vol tage agai nst currané sapplidtletol the stdcageity distiiidion woarkahd [a02¢h ohids t he
control unit 20Nty 'v&lﬁlplte?&e&ebtufg%g]gesa&m §4,NGc E&hiAN vhitdiggt i ve node

of operation. | of operation, .
controls the H-bridge 412 such that the switches 400a to 400d operate in a

20  periodically repeating on-off sequence to produce an alternating current at the
output terminals 408a and 408b of the transformer. The alternating current
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-



20 control unit 204 controls the switches 400 of the H bridge 412 in a
repeating on-off sequence which is asymetric about the centre point of
each half-cycle, such that the current supplied to the electricity

di stributi n k 1 is an asymetric alternating c hown in
figure 59.\’9(5"%]0&%&)“\9@%0!’“ on of tinme during which curren?&@gionﬂfsgrlgugh t he

H bridge 412 is higher during the 25 second half of each half-cycle C,
such that the current supplied to the él0lectricity distribution network.

| ags the voltage of electricity flowng therein; in this node, an inductive
contribution is therefore nmade to the electricity flowng in the

el ectricity disfipatithi o thetcwddnk pravided to the electfﬂsle,r éisbiodionemtsortescr i bed
with reference to figure 4 and fi ures 5a to rovide a. Further nethod
of modul ati ng EWIP@H‘? E‘P‘Bvﬁ“? F%‘Hﬁe Bl cash YYS ges"r‘i EBUSO%E vary t he
reactive power c&@itutibPud indBe @ thheleROWSY flBWRYI 61 B8 clebdicle\Wigeudidr can be
varied w thout using any additional neans of generating reactive power,
such as sw tch%‘ﬂweréfpam tors. In the enbodi nents described, a reactive power

contributiagn is contifgllsedndys MeOdMaHd%oBRIAE §gmaltmremtqﬁe HSpragy et ri c
about the centre point of each half-cycle C,; but which crosses the zero

point at the stffeingls dfireteh 03, whe dheatonirplcundtadd it coRtiedingrthe RebrdsE t age
signal f1ow ng,dcBdidieo8| emhtilicd hr)d@'b%g 4Bt ORY t’ﬁ%tMQJckoflope%ghtﬂh@nal ly or
alternatively, a reactive power contribution may fro duced by shifting
the timng at whitehurikd4spejrad th@ﬁ‘dé@@%“@‘h@“hﬂa‘ﬂé’“ﬁé‘iﬁ inggengstingPbe out of
phase with the | J. r tion
e e T S e R
operates i a fhianithe cnueresupplicddites chetedechrivde sdistrihutwhi ottwotke 1212 apnvi des
reactive power of a fi.n nit L.n sone
cases, there ar é’mrr%aﬁ ‘gmalﬁmg g‘r%es“?}n SHOWH % qgrgrum?}tétl %Jaﬁa%lgg?}i%r factor
that may be pr m@adhlﬂycmqnoﬂem dmmghrqm Hd:mdger}ll:s 1Rger dlﬁmg mxdﬁmq:ol e,

Eur opean Comu requ S 15 rescribe t evi ce a power
rating of up t lé@f/\ﬁﬁ‘g’smﬁ 2 %\XE&?{ té‘f&}‘“%}f P legrton%‘?ee Q-'ngy hat

devi ces havi ngdatriponer nétﬁrbtkn@adl;f chSskMt@ge of e&btﬁbltyrtﬂlSW1ﬂgaﬂlereﬁn doweis | c: act or
of 0.9 or nore %gee | ECI.EN 610%(231 h cord g’&YI [ be advant ageous
for the curr enfoft it FBRCEE 0BG o fsot fféoéer'f“ﬁéfg t §°pT BW{I’I%e' nexi mm
al | owabl e out pu{eeleem@ltj,d@@@@@ntmorkme measur ed current control device 212

is active. However, in sone enbodi nents, the current, cont a|I vice 212
may be arranged to Mgy Sdndown i Yaighone! voler agripst V@ ias ded
continuously i r&r@ﬁﬁ@m@wm Wzbhvﬁeh%e”&ﬁ%blfﬁﬂt zml wwﬁm@ethgmmte vol t age
phase difference. he nunber and ty P nodes of operation may be
chosen accor di h@orfd@lgcr«?aana@ﬂ@mvgm% of 9pemtieps iqﬁﬁusp@ﬁéer of BRIHY™ BF t he power
devi ce ZOZzoandL&rmL&Moataomb %%ﬁrﬁepamomémmmai hovwesk figaGLi ve power
contribution. Furt the current control device 212 is not limted to the
exanpl es descr pﬁ”@@ﬂuem@rwlewaﬁp‘ly@m%ﬂ@wpt@e cepie phine ofidaeh haiceyekresughvar i abl e
resistance, copld he aef WRGN R K R RATCAREBRRN hofloAl (e dhot al
avai l abl e curren any given point 3 current cycle, in conjunction
with or as an alymenatat iltegnatiog plhreensvaststzcbwmgl ﬁmw ées THepopiibed chbove.

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 5g provide a further method of modulating current flow from a power provision

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



By controlling the power consunption of the power consunption device 202
according to the nodes of operation of the reactive power control device
200 descri bed above, a capacitive reactive power contribution and/or an

i nductive reactive power contribution to the power flow Mthe electricity
di stributi O¥WORUMAMIBR | can be provi ded which is i ndeperfddRP2/0ZP

i nductive and/or capacitive reactance that the conponents of the power
device 202 may thensel ves possess. Thus,o@l though the power unit 202 may
make, :FCE exanple, an inductive contribution to the power flow, due to
i nductive conmponents therein, such as nmagnet coils etc., the contsibution

to the power fl gwléwozt Qarl Qeevwe%p@{tﬁ&dt B fanm%d{tﬁﬂa%ya%s RPRher AL ! O

devi ce 200 may for exanp capaci Figu is a flow
di agr am showi ngre@xtewmoamy ssclemsvpmhéd)pmdtdyy frhée reedvodlmetSpi@mbetb@nt rol

device 204 in control poweg conmelblﬂ g cgtﬁ 18(? bé%%%&l&%%ﬁ%@@@ﬁﬁ \Wli{:}bissone

enbodi nents of feh(étlvﬁr esentihven reacti ve power
met er 203 neas um/mmmmatroenﬂte\whtteagﬁntpjfwam k1 é)eree(hcbummelh eobseh dict y
flowng in the electr|C| |but|oncﬂetwork at .th gl%calon of, the

power device 203 pointatt Aﬁam'ftsf@ﬂ“%’ébﬁt ap aéﬂbersé‘glgé%?g%f@ VR385 S8t r o
unit 202 det ecnapebg iDaselcORity BRtTFRAGLISNBRL]. nﬂdiﬁtuﬂiallﬁbﬁﬂte&ﬁﬂ@elmet her the

phase difference is within a_20 predeter whi ch ma B

predet ernined r &ﬁ@‘é"ed’ﬁ’wﬁh‘é’nﬁﬂé‘é‘égﬁ‘?y eP® E@g%y\ﬁﬂ Bﬁqgﬁh o ot Wﬁlc

di fference doesgppll FRUWI the z&8]pal BN to It Jubef Pr.RE f8&0he 2916ag€%tgaalm nes

t hat the phase d| fference is wthin the predeteli mned range, no adjustnent

to the reactiveflewingin Bgelcshichy dshibupmstvefévi ce 202 is required, so the

process progeeds to /&P §RA%xhifp l\é@'tﬁ@rera&?ve?v&f 9&31%?9&1@60@;)&&%&9%3 a
neutral node of the reactive power control vi ce 200, and sends a command

signal tot he cﬁhlﬁfemmbﬁ@nf gigdreigenddes @ﬂ@loﬂidh@%@m@dwcm@e pevecfad neutr al
mode. Pl QbR ub@aeﬁnfgﬁa%d%wﬁ%& E cAlet @l fes. r%"ﬂfanéﬁ ep 8602

that the phase Br erence€ is not wt eterm ned ra
process proceedsres@ibd@st epx8606 dhwabletnweprfms@ar mzﬁ@edev‘edfm hes V\/net her

| nducti ve conpen Sv?‘é[rl cgrrl]sum tioT L{rllcreez(aQ. {?grr exear)r(@‘fgptl(ﬁ‘ogéén %%%n%{lﬂﬁty ir&%lamt her the

phase differ encfoMEadl
15 prescribe that devices having a power rating of up to 25W must have a power

factor of 0.5 or more, and that devices having a power rating of 75W or greater

must have a power factor of 0.9 or more (see IEC/EN 61000-3-2). Accordingly,

it may be advantageous 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.



23 at step S600 is outside of the predeterm ned range on the inductive
side. If it determnes that an inductive contribution is required, the
process proceeds to step S608, in which the processor selects a capacitive
node, so that the an-rent control device 212 controls the power device 202
to provi d&&MW1/hd¥étive 5 contribution to power fl O\AP?TfE?ﬁé‘"@?:'é&t ricity
distribution network 1, and sends a command signal to the current: control
device 212 to operate in a capacitive npde. If uis determ ned at
step S606 that inductive conpensation to the phase difference is not
required, it is concluded that a capacitive contribution is 10 required,
and the process pr : L i t PERSEISOn BPBe sel ects an
i nducti ve node, SOQ%ﬁ%ﬂﬁ?ﬁgg%?ﬁéog%@t%ﬁ Ogglﬁiﬂgg%fcgl co%t rol s the power
devi ce 202 to Piroadcedingrio itidmoddsvad opematien bUthE aercts PROVEECORTDWEYIRE t he
electricity di f(ior LRULLON JH&LWr %apa%ﬂge SERASe BoGRMBRARLHANGhd/80ak he current
control device 1o operate in” an r'nductive node. 15in this way the reactive
power control uewitve 2@0ve gotveolcenttigion| wwthef paren-famt |in dhel eldeicdby power ,
to and/or from.th ower devi ce .202 i.n respons t ect ed
current - volt ag@%’ﬁ%‘goél Y E RO OE %G Ellglgllbt @‘déﬂg‘é%n%gpw %{lﬁg&g?ect ricity
di stribution ngtdg@rdspatitivEhestaaonthnoihe @bmparensnif thd pyvwaprdodoe 882 mayeact i ve
power contribution which adjusts the phase difference of ctricity
20 flowing in PRESEYSEOFFE; (YUY iaLﬂE‘}“ﬁ'Bﬁ}eip8?¥%‘é%@?ﬁay|“ﬁ£‘8af§°£§xa Be the
power consunpt i fndBEV 0 Eorfitavios i to th® fpotvbe flpewene devindetid02omponkests ge, t he
corrective reactive power contrjbutign from an individual device my

provi de a si pi FICEHhBUA TEERE O 851 ﬁ“é Cﬁ‘ﬁtgg‘]‘ lgﬁit?&éer%"ﬁ?eﬁ i d‘gF fé”c%‘l’i city .
flow ng injgt hegghaphl biCiteYreflitst I joet icontrdledemek200Ftay her forewempier e t he
power consunption and/or provision or individual power devices 202 is

smal |, for exafRelyd the device is a | ow power device as described above,
the conbined cont ri Btk Qisfa @ diaglasit SHoRiteetcBHRUPsfs fuhneey tes can have
a significant effect on current-voltage phase difference of electricity
flow ng in theraabtest pavedrtgpnplsdevigsu2Gom setming, thyspaver d’€§‘€?i38§dmi n nore
detai| bel ow. §1%¥d%hé‘ea\!vﬂﬁ¥ sorﬁet%nlﬁ)ﬂﬁgénrté Hge ?&seﬁhﬁv&ﬁfo‘ﬂpw{ s Isboyaley with
time; accordingly, In some enbodi mrents of the present invention, the
process descr rdseitveabove mictch 203f Beasnse & eurngtipltage phesq djiaenes of
continuously, qr at..i Lth ] ki ce

det ected by thglre‘r:tgglt ﬂ\%‘g{%gl\}\g}}e ér[r%é(‘ttngcrl&?(ggs}gﬁtﬁllohgl eh]hﬁlaﬁ?%g?%%%ﬁ;ngggg and

t her eby di f f er powerrdeaict 282 power contri butions being selected. 5ill the

above exanple, it V‘@? stgpe§&)r2i, tlﬁg %rotcgs%r 2tO@ & Ik %81]&!0\{ ﬁniP%&etermines, based

on the measurement made at step S600 whether the phase difference is within a

20  predetermined range, which may be a predetermined range of the phase

differences, within which the phase difference does not require adjustment. If

the processor 206 determines that the phase difference is within the

predetermined range, no adjustment 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



conpensation device 200 determ nes whether the phase difference is within a
predeterm ned range and selects a node of operation in dependence on this
determ nati on; however, in sone enbodi nents, there is no predeterm ned
range. in these di nrents, the reactive power conpen I Lce 200
omts step%%8§"g26 . and proceeds directly to step SGOEE&h%%%? %?ﬁwords, in
t hese enbodi nents, there is no "neutral node" of operation of the reactive
power conpensation device, and the reactidve power conpensation device 200
swi tches between capacitive and inductive nodes dependi ng on whether the
reactive power flowis determned to be nore inductive or nore capacitive
than a predefi ngditapadane,is bbtsidk Bf SRMEedaSBMCl trarig odabd nabdteetsalepribiti de a
reactive power onponenﬁ havi ng .a siqn whi ch almg%s 08 oses theasign of the
det ect ed react i VTR rhat GRpBHESYe epItabutiog 15 relliTad the PIGSS iN9SedSc8nponent

if the detect edst 9608, HEWRRMB: FORBRASAECt] § cApaEities mb@s, saffttht HeCRrrw@r Sa) , SO
that the predefined val ue nentioned above is zero; in other eases, the

opt i mum cur r ent CEPt 4G¥ECHRAS SOTTlF e RRECTIESIB020%HE BrovHiEnaTz WSl ue. This
i's because &he cipfisnbs VP9 HoRNAR awt[fi&{y%&lﬁbdm n¥@o¥k 8Sanlikeddsavel s

t hrough the electricity distribution network 1, due to reactive .
contributions fewmmandasigtadtergiroscuarsdt eantyel dedempdheit 8PArHE thé @PEEVCi city
distribution nefwark |. The optinumsituation fromthe perspective of
efficiency of power transmission is therefore not necessarily for the phase
difference to be zerlfitas dethmihwlcasicp$604 thahiadpuine cordpapsation 29 the phasepay

i nstead be | br t. hase difference.to r | | i Yy ecapacitive
(e.g. in the raalgfe eBe B motyls )T & C?‘Hie“%ﬁ%%a?r%é%‘?aé‘zlué%gf“hé‘é&o{%hgst, if the
phase di f f eitencequiseds lahg)liid yrotese peddeads tatstap POMem whial itlenprorcdssawi 306 be zero

at sonme point in the mddl e of the pe rk. Accordi ngly,,,.the reactive power
conmpensat i on deti¥H aéblﬁ‘gﬁﬁveﬂléo%o%ﬂ Eﬁﬁ@%ocu{rgmacgpg%#%ﬁg 1\E/a Illjtéﬁ% % he phase
di fference, conpaie dehics 202 tth provpdeegietidoetcophiribution & peyeraidv jpr ciei de a
reactive power contributi ,%n,al med at redu |n% the diff ren%% bet ween t he
det ect ed phase @FfifieteAEELYHRR Pﬁ@’oaﬁ’ SO rSeRge CoRmgad signal fo the; yuant e

predet erm ned rgnR@g) AR I®HREtaRMandtily/Rb&al |y centred on (or at |east
i ncludes.) the optinmumvalue, in sonme cases, especially where the optinmum

value is séf at or n'@efhls_tV@Ysz? ée2atery BV SITeR el eeicp PRy EIOR e doPatige

menti oned above&nf h@lHeVd! Yol AandldiGrofNthe POIVAL &vRE 2006 Fegit@s: @Ry be of
opposite sign i.e. one end fray correspond to a. capacitive value, with the
ot her end corr espuwaldy defeatesl emrenhurlees pleasq diffrsence af elietseiteBewiag it HE st ep of
determ ni ng whe . ' at rif PoNE &ShiERs 3606) may
conprise 10 si n%Pﬁﬁﬁg?g#é%&%?{ﬁng%%gﬂa *trﬁg %ﬁ?@eaﬁt -a\%e?[t age }é)hases_di fference
measur ed at stepa@BO@oivsr ¢cantibotipv evhwh adjuets ey phiase difenceeatfitheesledtnciot her
cases, wherg the optinmumval ue.is .set at non- zer o._val d ecially
where the pzﬁ)edeﬁ%‘?'%ig nlgdﬁ% aeied:g“ﬁlt ?lsetfié't'ﬂw@le ?wg%r' r gﬁw,ca?e e‘ylge,rree% 8§%Bned range
will conprise otdnguragamcanidiov @rosddiarest the powkyddving 9L iv &argealtheerretbtivet hese

cases, step 5606 may 15 conprise conpar.ing .t hase difference. neasured
with at step 5et?écth‘%tpﬁ"%‘é’gg‘l’?&ﬁﬁ‘b?fﬂ‘?‘sand?‘ﬂ?‘ﬂ%ﬂ(@Fg‘&%{“@f Rionss arsé%%lgﬁe"a %

det er mi ne whet hgfjudilentmeagir gidsp igseendt fdfeslenteryl flesingnint the dladhidtyi ve si de
or the capacitive side of t sone cases there may be

; . I n.
smal | fluctuati @ﬁ%‘?’l"i*f’nc H@twﬁﬂgs Eﬁ‘gt%g”ﬁ Vet "él}eé‘i:{ﬁ?q EPVS POPSPRRIQY ar9T city

di stribution nepeisken by indfvidAesevdr HbGEddabh anenafCoHExaaipl 2@ tRIdetieals at he
t hreshol d val ues defining the end points of the acceptable r anIge descri bed
above, they canlogangwct Hevigeat t4osaibpd\iPve JhE rioMmbHEd; Catdgton GO @ | | at e

bet ween nodes; Hi@tiri?but@@%ro%? BeQlchatAcdsken RS Ial st AR QRSfed RFrOHNGRge
instability in the current flowing in the electricity distribution network
1. In order to pledudiéfcomcedi vty favdseingbe elepaeitoAstribalionaterkstss my be
used in 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



25 relation to the threshold values at which the reactive power control
devi ce 200 swi tches between nbdes, as is now explained with reference to

Fi gure 5. Figure 7 is a graph show ng the nmeasured network phase

di fferenc r he generated reactive power of the ice 202. In
t he exan’pl‘%’éggﬂr]igm?stzt he power device 202 generates a rgggfp?@éﬂ%o’v}gr of +P
Wl efl operating 30in node 2, zero reactive power when operating in node I,
and. a. reactive power of --P when oper2dting in node 3. Although the

magni tude of the reactive power 26 generated in this exanple is the sane
in both node 2 and node 3, in sone enbodi nents the nmagnitude may be
different in easkiell dbbe: Mmatiesference to Hopgelr6eis7repkudmis cdmivtousyt @shwl d val ues,
Rl to 1t4 at which the reactive power trol device 200 swi tches between
nmodes, with RI MR pvithycly %%ghfl{%rf\ég%e‘é eV ‘tﬁiteﬁifﬂg)tyi té%feaﬁtﬁvis%o“é?fffer ences
C R2D and 12. 3mefd B4iltn@Pime IEFdndOmPRS) thd @hdrEBPAGT:dnY eeaddRasgvit f f er ences
(114)11231). As the magnitude of an inductive network phase difference

i ncreases, thecqnér&t&‘fli)‘!ﬁg’eﬁ’@\ﬁélﬁ“%ntrol device switches froma neutral node
to capacitisve node jange LRgc ValaHBIOfit the BhRseeqdiift eheneeich osses Rl .
However, in the opposite direction, as the magnitude of 10 an_ inductive
net wor k phase efinficayaéine deviec Wadwgmines avhedgt thievbagsolidpreesng méthidavi ce 200
does not swi t Ch fidi OffiRd CARACAHd Y¥fecBOHGroliO o o@&uﬁa@m ORI ALt B thigst ead it
swtches at R Simlarly, Tor an increasing capacitive network phase

di fference, t hectermamatipydiopevier insome ewboddavits éhapQp newrdgiseningd waga neut r al
node to an i ndyctLve uf..' . r LNG: L b g rk phase
di f f erence, 15H] %%S\ésevrﬁ@ g%eeggéﬁhelﬁ%a?{l U(gj?e?gg@?}%&%*o%?t%gﬁ%%gggmgf?%f}égr ence does
fluct uat e d@r oufidD2omel pwhcetdralitchihemitb 6@l nethcRwotds, it 2zkse ¢rhlgrdeméngs, no
oscillation in,the node of ,operati.Q . the,reactive ) rol device
200, because tﬁlgrel 15'?% ernellltgdls %(%I e fioﬁergtflcﬁéﬁﬁ“ael ‘%%‘aéé%aragﬁﬁ%i@%ﬁg R3,

stabl e in a capaddet avd tho dectiarcopovetr Rbnpnbasdaldédcd A0@GRwitcids diciween node
around R 20The exgn%)lﬁ.d scribe gbov(‘? in rﬁl ation tg. ,fi&gr 7 refers to
RE and R2 as r EPPElER A PGB E°RyAT T ™ HRY T (0° '™ PY V4 9ePr esent i ng
capaci ti ve val g@smiftdwev&moreiifidusiild orligorel epaciatoban i praticfiaerdué.he opti nri una
val ue nentjoned above is non-zerq, .all of Rl to R4 mai/’ be capacitive or
they may al’l be i ndfcPMFecasPnlt thASialEdo rivdds ageactive B‘S%‘?"“ﬁ’(?ﬂ‘fl}tol devi ce
200 may swit Chhaviy @ sGAPAGET hMEyToptRs&bthe tsnPsfoME detcdted aRaGTd poiter
contribution when the detected phase difference crosses 121, even if the
det ect ed phaseSUMHNEHEC & PERES hsnagpuciontrgaent & th E%‘?"Itv,reaccﬂée POt i ve power
control devi cecgRQdnbBYs SMLAGR 4@ vAR veRELSS iInEhEPRBcARdRERY hidgtigd] | EAUCt i Ve
contribution when the detected phase di fference crosses R4 even if the

det ect ed phasedive fseicen deotherapdisihe Apfireym gerent-voltage phase difference may

20  be a non-zero value. This is because the current-voltage phase difference may

vary as it travels through the electricity distribution network 1, due to reactive
contributions from transformers and other components in the -electricity
distribution network 1. The optimum situation 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 phasc difference, compare this with a

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



30Additionally, or alternatively, to the hysteresis feature described, the
reactive power control device may be arranged to delay the switch between
nodes when crossing a threshold value for sone predetermined tinme period
T3. This also prevents high frequency oscillations fro ' jt roduced
into the s§€%%ﬁV“”ﬁz Furthernore, as nentioned above?bgﬁbQ%H%Q%Wbodinents
of the present invention, a plurality of reactive power control devices 200
may be distributed at different locatiof® in the electricity distribution
networ k, each of the reactive power control devices 200 controlling a
respective power device 202, thereby formng a systemwhich can be used to
control reacti vedpaverhd | dferecet berwebeahé | dotdeyeddipbdse | ditfeicose nat whek | Thi s
may be particul arly advantageous when 10 used with |ow or medi um sized
power devices 209¢TBaAK NG a nore significant adjustment to reactive power

flow in the el ectricihds 1t plctibiBitih@Nang MBkttonbhakbve an typRaRe birgi¢@dnby usi ng
i ndi vi dual devices. For exanPI e, it is estimated that around 5% of all
S

power consunpt i Oh af aguecludss) hgHPHAYTHE TG 4% SRS CRRHerRIcET Y arubesti c
prem ses. if al &péﬁ'ﬂﬁlbv!ilhg I LG GYdL RS -4S GRl/G H/BRE teVSeRBWREned 2angeont 1 ol
device 200 according to the present invention, and assum ng that the
met hods descri bedithaekizboval isowrlagolofargottht cpbweintusage repgcamppkerof

consunpti on dev+pg)%si{eosi eit_(%ggg E{Ef}ggzgﬁégéﬁgy %ga&tgwal&gwﬁh i Srhich s

easily achi evab usin ne reirn), 0.25% of total

net wor k power capaoittsposdiug th. arbiedussied vilee. pinoldse easpn the sedpfdfclictenpiningact i ve
power characteristics. 20. In enbodi nents .usi i L e r of
reactive power ‘(’Y@%@?olflg%fg\yf ccgrsnp%%lo(nt %ﬁré%e%n%tgvgi(%‘{ gg@org%)ﬁgg[gﬁ >

enbodi ment 9, odigpBr det@gning whhidervak wasewfvoltlye pHasedificlalcy alcermsedRit to R4 at
whi ch the reactive gﬁg)wer ontrol deyices.200 sw t%{l tBet ween nndes, andl or
the length of tH& 8YGY Infueiet¥nyRgiordl SEchs var PRE BREFWEEH aiFf er ent
devi ces. The vabpiRsunirayalite iasst gned 2én-zdrandom, yarl(d espeedatipplvierad thei n
defined limts around, defined optimm val uesé‘ guri ng manufacture.of the
reactive power BEHIFBINCEHEEs BHHYCIEAHTRY dhelre ‘?ﬁerf‘ﬁ‘%ddaa"tgﬁwé 6PBPHE0. In

sone cases, the,fy e5RSE0E vARS di‘fongllﬁdd'cﬁa@%lﬂé. PRVWREsc CONRL,Is@dp SBO¥ineg 200 may
vary one or nore of values R to and T.$; this could be done according

to a. randddi satdneniispeopaingthp pase difarnss Mepadek Videat $5meoq0; with ¢ or on

activation. of élﬂlgpo%y {)ﬁtﬁe Y% dBmAkdd ¢ ﬁ%e' 90 SHYAR WhEh A ThAmE ANk Phaggent r €
(sec below), for exanple. d hese values in this way prevents

ndom si n
distributed 28diffrwsngsicsion devindusyvd $ig€m?feth<t Ganeciiive ssdsrd ictrangs. produce _
unwanted oscillati Og bjfgﬁt %g?ss %}eemay be SénatllAﬁuch@a[ﬁBhspﬂle%e Ve shifihgt reactive

power control devices e arrange 0 conmmuni cate W th a control
centre via the desrtity ioabd dogridityt dstfimg®n nTiverk dnif theke Jeettatiensresgubd a node

in the electricity distribution networ.k, or any . r i r ged to
communi cat goand?ro'l){eaﬁ o &'678H%4dd‘falslie? idgﬁ 8% YU cpé?lgt% ggé?‘?\?}ée/éegtgt\k%rrg@%nt rol
devi ces as descddsbéttdhehoet,ntheCanmenuseath: onadoiet weenar icontarhdievice 208aot i ve

power control device 200 coul d be performed, usi wi.rel ess or taxed |ine
conmuni cat i ons, ochliatee %1: modes, thlg may exaccrbate #H3 os01[1§c1ons, an proguce

instability in the current flowing in the electricity distribution network 1. In

order to reduce or eliminate 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



10 conmuni cation via the interne and/or a GSM network, in sone cases
communi cati ons between the reactive power control device 200 and the
control centre may take place by transni ssion of data. al ong the power
lines 414. in sone enbodi nents of the present i I he reactive
power conﬁY%fmlﬁﬂggce 200 may be arranged to receive gﬁﬁ@%%ﬁgg?%gn si gha
fromthe 15 control. centre and control the reactive power provided to the
electricity distribution network 1 in r@sponse to receipt of the activation
signal i.e. the activation signal turns the reactive power control device
200 on, wth the latter being inactive i.e. turned off prior to receiving

t he activati onggiegiadl in tMBeRarhple i§ @aClainéen OWEMoEO Dtdnd|mete\V3, de sbisei nacti ve,

t he power device, 202 may consu 20, and/ or provi de power provided by the
electricity di §I_f‘¥"?db‘ﬂ?‘}t*b%e H@E%‘HE“}‘*% b%a‘géﬂeé}bﬁceéd’vﬁq-tﬂi‘?p ‘i‘l{’,\@snor mal operation
i.e. as though it wap@ecothoGRTBRChRENDIO vhiles, Fea6tR,VE WaWR EhcCRIROl device
200. The control centre may al so provi de deactivation signals to turn the

reactive power PRETCPHIO!l dexjiceOsmitches detwegn Blodss with o Py Rs fegpesenting n

recei pt or san achlivaGlQbig) gRat dfemte IQJ?JNRQ?"an&R%ﬁ@R F‘%Pe'ae&iﬁlga
di stributed group of the reacti ve_fpower control devices 200 turns on and
begi ns oper at i PefltBEcErIFINY Phase diiTastanp (B4~ IRHE protessagiéyds Phed above in

relation to_Fi g &i8nehif &ﬁg@g@fg@ ﬁtreas%mmemivegawmo&l&blaa LER to the

paranmeters Th to R4 and/or T I bed above may b performed 1 n response
to receipt of shichegbamtd vatiplomodi gnebacitive mede atics theberlepdefathe absous to

th th tj . ices
arrange the Syﬁ#@%&"crméstltzh Row&REH Yife “?’%ﬁ{ﬁaﬂ%‘g&%@?& ﬁg\éﬁta%gﬁd%g)gt vate at

activating in response to e activation 'si

t he sane tllne, ai mdoctder ndheorprementifSredde deadramgds: feactrveaemicvgopober f | owi ng
in the electrigity gi.stributiop,.network. This y. be don _argangi ng each
device to acti g/%?tlcee a t&eoreb zlamtrsa“ﬁlp([)1 Ofwggecr%%arcg ngmﬁ%rrtg g %%ugglsggg%gtsﬁél apsed

af ter receivi ninstehkitaoitcheatat B Sshigarhl, fortdniiscreamnganpacitye netvatrieghdsene 5

prescr i bed | n' TSCREE RSt IGN: B GHAP o GBrre 200 ST i TSR HEn s, t he

paraneters R ; todf iRducaielmobe, Hat foay db@cpimgSapdchad nbyvoihphaebiffeihcgentre, as
part of activation signal, _or soneo\gl%fll)gr signal. This enabl es the

charact eriSti c¥ sdficinat Realisyeepd BRtdGIenge Jpesdluciupty aspdiche
tail ored accor ¢f g tHr@&hbla&aBPER]| fol I, GRRAE hib 0§5I148Hn Ih@e &loae bf bfdrdtion

di stribution network . ) .
of the reactive power control device 200, because the latter is stable in a neutral
mode around R; and R, stable in a capacitive mode around R; and stable in an
inductive mode around Ry,

20 The example described above in relation to figure 7 refers to R; and R,
as representing inductive values and R3 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 featurc described, the

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



in sone enbodi nents sone of the reactive power control devices 200 behave
aut ononously, without the control of a control centre, and sone ot her
reactive power control devices 200 acting under the control of a control

centre. 15‘,%% b hiss,case, it may be advantageous for therppadetgEn ned
range descri eé above to be relatively large for the autononous reactive

power control devices 202, and rel ativeli/ narrow for the renotely

control | ed devices 202; in this way, allZ’/reactive power control devices 202
react to large swings in reactive power in the electricity distribution
networ ks, but with only renotely controlled devices, which may be nore
finely adj ust edmbyesadjcustossigg ¢ He¢sholdhaluadtrevwinstpraisterneimed Ging pervsi Ty used to
adj ust smal | er ghanges. . descr | . i . cent to
activate and/ or Seélg? iPUAERS thlL%lAfree ugrtlclyv(!’esgg%g\%&rés%%%tbgiggq‘ﬁ‘éo\r/d?%:eedsﬁg)o%lgenabl es
the latter to bestased to deliver reactive power on demand to the
electricity distribytion network J.. Thus, .2.5 groups of users of the
reactive power cont ;Ed’ftﬁ‘(’)‘g\?f%é@% orﬁﬁ&ﬁwe’gﬁs%ﬁ%@%@?m@ﬁs ?i@e@fﬁsﬁl}tol centre
may sell reactiimeerpiowerpli@lifyRE rqaoivempopendtnder devicos 2xaniticalistributed at The
reactive power ntrol devices 0 communi cate wi.t h the. control

3 200 |
centre to providegat lﬁcart@ﬁ%lﬂrhfl}?geq?qqg%éﬁ?t%'i"f?é’ﬁcf@%rkt #eh PE R 19 VB ower

control device, pand ceﬂthﬂrdei/ieéspzdo)Bédnaal4in§<arre@&amlfﬁwei B&/ i@ AR gRAby 206 My
be 30arranged to record data in the data store 210, such as activation

tinmes of the relRERinger pesiedt ikt 59| bedeirice Pobo! BABURIOWST fodatt e power
provided to t heelec?’x@ciﬁt;rl (ﬁét%ﬁﬁdtﬁhtn)émg}rl?tl.r ﬁﬂﬂtm%e%Hg%%hggagvin?&%H%&s%&B

measur ements of RPC e reactive power meter eétc., and to provide
this inforrfti orsed withhew eomediom deadtnosey leyiachd0% snthlink @andre Aignifisensdr f ace

208. 11 the pov\ﬁi%sgﬁééﬁ G§ r@Qevd Sovier -lnethgec‘l'é-cﬁﬁitgﬂgsbu@ign %ﬁ% tah, MY @l so

be arranged to r its Tocation, susing e.g. tracking device, and
communi cat e t hecagdwmchiovadhey eorg individviRIevices. ForFapinhler it ig eséimateddhitve power

contr ol devices B IR TRIHLE, AR RRLE: FLTERGH HUELLS LT
comuni cat e datadi duhhesad ipvenieds. t Hedk sehelighting ideyiceshased et exatisitel posver
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



10 to the control centre. This neasurenent may be performed using the
reactive power neter 203, or one or nore other neters. The one or nore
electricity quality characteristic nmeasured and reported may include one or

nor e of th@o&ﬁhnh?éﬁ’i ng: A reactive power characteri sbigrpidiVirkiigoe
variations such as clips, sags, swells and brown-outs, 1n which the |ine

vol tage is higher or |lower than the nom nal voltage for a short period of
tinme; this maybe caused by e.g. network8faults, switching of capacitive

| oads and excessive | oading; 20 Harnonics; variations in the tine voltage
at nmultiples of the supply frequency, this may be caused by e.g. power

el ectroni ¢ | oagsusudhlcasesviami abing ispeedt Wrpredise amernty@ssijlaitoans the Fl i cker ;
random or repeg%%hye variations in the voltage; this nay be caused by e.g.
mlls, EAF opeﬁé Iron (arc furnaces), welding equipnment 25and shredders;
Net wor k unbal ance iAgemediidikeérabotc, theneastok tpages cortthl sleviags 298 mapded by

si ngl e- phase | oads hase to.phase, | oads apd_&nba aqged t hr ee- phase | oads

li ke wel di ng eﬂfﬁz}nﬁ%ﬁ?;con&‘ﬁi St dng f‘?nggoﬁgnfzeesvia: he&FIOW B8l ect ri cal
energy, e.@ Dbeiieren tihe dansigaett andyi 8t d wfdcan thoduetoity aldritivtenel ectric
field of a Capggt‘lh%ﬁ)(l: ‘or Cepn?fngt?lgr %Ie\r/iceé: talrrgr?ge etroI ggr{l&lairlul:%é and/or control a

distributed group of reactive power control devices as described herein.

Communication between it and the reactive power control device 200 could be

performed using wireless or fixed line communications, for example,

10  communication via the internet and/or a GSM network. In some cases
communications between the rcactive power control device 200 and the control
centre may take place by transmission of data along the power lines 414.

In some embodiments of the present invention, the reactive power
control device 200 may be arranged to receive an activation signal from the

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.e. 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 R4
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



31 Transients (fast disturbances). rapid change in the sine wave that
occurs in both voltage and current waveforns; this may be caused by

swi tching devices, start- and stop of high power equipnent. The
reactive power control devices 202 may al so include neans to control. the
power consMPLYSA*+7EHd/ or provision of the power devi ce BSIERYIBISH de an
adj ustnent to these detected quality characteristics, using an adaptation
of the methods described above in relatipn to figures 2 to 7, for exanple.
The control centre may use this information for exanple to determ ne areas
of the electricity distribution network | requiring reactive power
conpensati on. TRE nePBfl @livAEChE e JARY dheNn dRALTH & A SREM tRMgampunt of
reactive power required to be generated by a d[strlbuted_groug of the
reactive 15 powegtiveanteoflowagirtihs clrggcitygstrisyen rejvak mbe mgy be Henedevi ces

in the rel evant : J i : LE0 of the
speci fi ed devi cgg%ﬁ%ﬂtéhﬁ%sﬁ%ﬁgp? q? ?ﬁﬁgt§qgglaac o*ﬁ%@? g%}c%t%?ﬁ%%%%@gg%i ve power
control devi cese2p@dtadtceactviviag ithedativatiical bignalddrie gswldmly genexedping, each

reactive power ntrol device 2 have, an . addr n = . reactive
power contro dgn\??“éael %na‘lﬁ'sllj et%g?rlatteg gﬁﬂ%y Wt %grgseZYjeg’s(%ﬁtls%%f ﬁl% @‘(rg%c? '?%J;mrmdul e
SIM card, in whilehcitasien tibeal &ekdf. ess data conpri ses an identity nunber of

the SIMcard, such an N SIS unper . Th echnj ques and net hods
oscri bed her et n. oy & HETENIRERE B9 VAPTHES Mol PUPFdiaRal & T hooe

t echni ques may pesdrivpd eyeht edntrdl daatdwar g oMecti@htioisignatiesi @as:) othéd r mnar e
(one or nore devices), .sof re (one or .nore 25 nmpdul es), or conbi nations
thereof . For a HEPHweltds Fw%i@gﬁ%ﬁnéfaﬁ%ﬁ,s“qsng e viaels RIFVCECGRIESCYCEnd 4 may
be inplenmenteed o1 hb nocongloRE sR6RIMPR itAkpRMicS patitfdns dihegsladuedtycireuits
(AS1Cs), digital __ signal processors (DSPs), digital signal processing

devi ces (DSPDs) d55o8ensiai#®kd - | ogi ¢ devi ces (PLDs), field progranmabl e gate

arrays (FPGAs), procgsgffeSombo@dn®! JodfcSof ik SERBRL fler @bSirol devices 200 _
30m croprocessors, other electronic units designed to performthe functions

descri bed her ei hehage agormpeishyatvitbentithepanypl Fbe contrahkentes, ard sune ollfre, t he
| npl ementati on %&i\?ﬁaﬁ%f Edr@di Q%CCE bpe Hﬁllﬁgrﬂﬁgw tfi g(ﬂlftroﬁgfhele g@%l %ﬁeph' p set

(e.g., procedures, ctions, and so on hat performt unctions
descri bed heérei i thftheassofttmeyr bc eddwsgrmy foe tist predeferimned dagadsscoba unit and

execut ed by proge e o) nit i ted within
t he processor o%boégg(g(? %Fe-rl;%vie@al%%e? rethgﬁ%ltgréos%%% geal%ﬁyﬁf Eogwirg? éﬂtgdri%g‘ggégs it can
be conmuni cat i vedd acdrgtedlytrarrdwdoptho cesgdy cunteoleddeders 208anshis &sy,i s known

0, e o AL e SPERRIER 0l B SR SEREURBE T,
facilitate the aehi®iiciy ddtritukien WetivbkdShiasHtCindy retotely cal@sted badcew t h
regard t herZ%t © w Eﬂ r;tlar;lel}:: r%(r)r% f?n%iy zli(fjurgtgdeb% 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



10to the precise configurations set forth in the given figures, as wll be

appreci ated t5fone skilled in the art. The above enbodi nents are to
bﬁbUSQer st oodf ashi Ilustrative exanples of the invention. Further

enbodi ments of the invention are envisaged. For exa i nbodi

di scussed VbW B Phe el ectricity distri guti on 15 ne?pm%ﬁm#zgﬂysoggslg Si gglrrgnt >
phase distribution. However, it will be clear to the skilled person that
the sanme principles apply to nulti-phase systens, such as three-phase

syst ens. Further, in the above exanples, the current control device

212 is inplenmented using one or nore sem conductor swtching devices. Such
20 enbodi ment Sel_@@Mcigﬁdiﬁlﬁbﬁﬂi&ﬂﬁe@Wbﬂ( $Uickalpd f ieksusaestofl RTbgtthe

consunption devices 'drawing a current of up to approximately 2 o 35 a
as is all owed iepctivhe@oget MetepaRy &ic., A EnPTgEidy ﬂ@\hst“ﬁgﬁnﬂi(’é‘ oﬁlb%l\iﬁn?rc‘?ﬁ)nsunpt :rgz

or provision d@e\ﬂ{rgefﬁa LGRTRLRINGS ifkchBAeb0sOf IfCHUE HRRter WhVieh 20Rys danmage t he
sem conductor swtches, It may be preferable to use other swtching
devi ces, such msbileadayiom 28hapaePEV, it may ajsp hesar&asgqsléolﬁ?faé € W68 Phat any

feature descripag, 19 [ Beald Qi AAThAHbIEN. iRk Dmdissiorl one, - or

i n conbi nat’i on"w eat ures descri bed, and may al so be used in
conbi nati on w tdatrene or nore features of any other of the enbodi nents, or

any conbi nation of any other  of. quv i th r ui val ents
and nodi fications n%utrxlgréstg? fe@g{ﬁ"% oveg%nggblar]%gg&gggé)%&éﬁ&n&%%ggé O\?\nqt hout
departing frommohecincapeiofc dffbe elveritydhwing fin ity dedtiipiéd distriuiien
acconpanyi ng cl ai ns. . e .. -

network 1, and to communicate data indicative of these electricity characteristics

10  to the control centre. This measurement may be performed using the reactive
power meter 203, or onc or more other meters. The one or more electricity
quality characteristic measured and reported may include one or more of the

following:

15 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 e.g. network faults, switching of
capacitive loads and excessive loading;

20 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 c.g. mills, EAF operation (arc furnaces), welding equipment

25 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, ¢.g. between the

30 magnetic field of an inductor and the electric field of a capacitor,

changes direction periodically;



1, A reactive power control device for use with a power device, the
devi ce being for consum ng power from or providing power to, an
stribution network when connected thereto, the reactive

3electricity di

power control . deyj.cs conprising:

power

det ecting neans Jqippdfil B&akiong. at

the power device, a reactive power characteristic of electrical power

flowng in the

electricity distribution network, said reactive power

characteristic relating to a reactive poWer conponent of 10el ectricity

characteristic,
di stri bution network

flowing in said electricity distribution network; and control neans
arranged to control, on the basis of said detected reactive power
a of ehahdiants @Eneistucantds): hmﬁd ohiunge)irt the siak eave ihat quurs
k th ower device, as deSt e of said
ve pdﬂ/g}fl’thc‘f?itf‘gecat rFPEERt Wavi@rms 2 ma§ ¢ ﬁ\a”rS%a%f Ve p

detected reacti

control device accordghvirgs, k@rtChd siplof hih&oRkeNedi@intknt eact i ve power control

device is arranged to:
characteristic;

and the control

determ ne a value of the detected reactive power

and conpare the determ ned value with a predefined val ue,

means is arranged to control said reactive power

contribution so as tfd RAUGR ﬁov@larfcfoﬁfran@@vléeatmerna§ hRo drtieet alanaloue and
t he predeterm ned val ue. . A reactive power control device
accordi ng2, whefaitigl the power consumptlon and/or provision of the power device 202 to

10

15

20

25

30

provide an adjustment to these detected quality characteristics, using an
adaptation of the methods described above in relation to figures 2 to 7, for
example.

The control centre may use this information for example to determine
areas 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
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 cach reactive power control device may be fitted
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
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), ficld
programmable gate arrays (FPGAs), processors, controllers, micro-controllers,
microprocessors, other electronic units designed to perform the functions

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



t he reactive power characteristic relates to a phase difference between

vol tage and current of electricity flowwng in the electricity distribution
network, and the predefined val ue conprises a predefined phase difference

val ue. Lo f14783,7 €active power control device accopgiRholQosgdidi M3,

wherein 30sald reactive power conpensation device is arranged to determ ne,

based on said detected power characteristic, whether said reactive power

conponent is nore inductive than the pRedefined value or whether it is

nore capacitive than the predefined value, and wherein said control neans

is arranged to: control said power device to contribute capacitive

(rj eactive power inipberhdngatioh emt bd @itiod odi thtauigh utodoles et Westione phipegfgoase to a
eterm nation that, the.detected 5reagt] o] e inductive

than the pr ede?rloﬁeed revsafuﬁlg;longh%f% 50 °“?ﬁ’éloﬁﬁ%?‘%ﬁ‘@%f“§‘9%@§e%§ é’\?? (Izlg%{no

contri bute i ndutt sevewheacidesengpobestotal irhe dalaestbrd onit yandistautdiuby on net wor k

ower component

' nesponse o8, SeLer g, e oS S SRS SARL N BRUSE somPonen
devi ce accor di figerhallyadyhePreeesdt.np thd AiteN caVdiesib:communicatba@lydeodpleéct i ng
and sai d contr B CREREVCE Vb PARGHTED GhivgE Earars EackTyeare o
components of the systems described herein may be rearranged and/or
complemented by additional components in order to facilitate the achieving of
the various aspects, etc., described with regard thereto, and they are not limited
10 to the precise configurations set forth in the given figures, as will be appreciated
by one skilled in the art.
The above embodiments are to be understood as illustrative examples of
the invention. Further embodiments of the invention are envisaged. For
example, 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 morc 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



15 contribution to the electricity distribution network, in response to
said detecting neans detecting a transition of a value of said reactive
power characteristic across a threshold value. 6.A reactive power control
devi ce accQyghoDidbgxaCcl aim5, wherein 20said control neaegEpii18esawged to:
change a val ue of the reactive power contributed, to the electricity

di stribution network by the power device froma first predeterm ned val ue
to a second predeterm ned value in respolise to a value of said detected
reacti ve power conponent changing froma value less than a first threshold

value to a 75value greater than said first threshold value; and .

change the reacamievedovidpuicdsnetingfremdhe sophef the Brentiog; whickisdefingsii o

- networ k by thqmgg%g&_%ﬁﬂé%h$ﬁ9n1said second predeterm ned value to said
first predetermne ARERN response to a value of said reactive power
conponent changing froma value greater than a second threshold value to a
val ue | ess than 30said second threshold value, said second threshold val ue
having a nmagnitude | ess than said first threshold val ue. 7. A
reacti ve power control device according to either of claim5 and clai m 6,
wherein said control nmeans is arranged to change said reactive power in
response to a predetermned tine period elapsing after said detecting neans
detects said change in said reactive power characteristic. 5 8. A
reactive power control device according to any preceding



claim wherein the electricity flowwng in the electricity distribution
network conprises an alternating current electricity flow having a
predet erm ned period, and the control neans is arranged to control a
switching neans to selectively 10interrupt provision of power to and/or
fromthe power device during one or nore portions of the predeterm ned
period. 9. A reactive power control device according to any preceding
claim wherein the control neans conprises a current nodul ati on neans.

10. A reactiveypQyer control device according to claim9, wherein the
control neans conprises a pul se wi dth nodul ati on neans, the power device
conpri ses a power consunption device for consum ng power fromthe

electricity distribution network, and the.contxol neans is arran to
control 20duty cyclle chah&2CHYS BYVE ?Sfﬁrf’ﬁgev %\é’f %%Wi“ﬁr?p&%eﬁ dSYIC?’ﬁge power
consunpti on deyiyee-device beidgl for chR@fting ?oﬁ@i"@fon@,o&t pRIvidRY igo®eaasObsli ng to
any preceding claim wherein the power device conprises a power provision
devi ce for525 elmmmiyd'drsgﬂmtlentmdtwomko%éllent@nnﬁée(blqgﬂzfﬁtpi d¢he yeagtie oMt i on

net wor k, the power, provi sion device being arranged to provide a direct
current, and tRBTRIRVISICOMPETLE s arranged to control a direct current to

alternating curr ?ntdeﬁ&ﬂg\%rrﬁéaﬁi@ fOE A6 ctirgd) 12 . the pR@et idéeicponaeadtivatpodler devi ce
according to claim11. erein o L
characteristic of electrical power flowing in the electricity distribution network,
said reactive power characteristic relating to a reactive power component of
10 electricity flowing in said electricity distribution network; and
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

34



t he power device conprises an alternating current to direct current
conversion neans for providing said direct current. 13. A reactive
power control device according to any preceding claim conprising neans for
detecting one or nore electricity 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
the power device so as to alter said detected electricity quality
characteristic, the detected one or nore electricity quality characteristic

conprising at |east one of; harmonics in the electricity flow; random or
repetitive var ingdupesthan thegredefiged valpcoF I?’E"P At dhawre Baé’%?lf‘]’ed\fﬁ% ﬁée in

10pover flow LraAPSleaRNafe, Ad WhereRPYRT cohlrOMheans is arrangdefl to:A T €active power
control device accordi ng to any (gr eceding claim wherein the power device
§

conprises a power peaniobsaihpeisridgrice &r CoFrdNIIPARECIBYLERTIVE PRYFEP the) the
electricity di %fe&ﬁ‘i@ﬁ’%h%ﬁbﬂﬁ(%ﬁ"f?&&orktin%é@%@rto T eteRhiRMticH @5 HEUbEGeF ONTPY | SI NG
at least one of:i"a p otovoltalc generation device, a personal electric

vehi cl e, a Yer santte @ivec tommnbitdymbes indigtive Hamths predefinedenlipl aadener gy

sour ce, 15. A reactive power ntr Vil i

precedi ng 20cl ai m V gf’gf%é P%%geﬁbc &?8%’?@%?21#?@5??%%%3%&& t@%?/rpri ses a
transm ssi on gekledtriaitg datribugdn hdiwbdikan regpboke to haleteraimsidnsthitothe getecdedei ng
connected to the distribution grid via one or npr & &qﬁpgfqr rs and

provi di ng el ectFCRVSRNEF IHEPET S mﬁﬁaca{’%fféwﬁi%% rrpUETon grid providing power
to a plurality of donestic and/or industrial users, wherein the power
device is for consum ng Romer from or ro&idin(ﬁﬁgﬁgr?r to

distributibh grid. > FERCHIVA ROYEE 1 PO 8t 0t ig%r ding to
any precedi ng claim, wherein:
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.
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clai m conprising a communications interface for receiving an activation
signal froma control centre, wherein said control neans is arranged to
perfoon said 30control of reactive power contribution in response to
recei pt of said activation signal at said communi cations interface.
17. A systemfor use in controlling reactive power flowin an elec ity
di stribution network, the system conprising: a distributed plurality
of reactive power control devices according to claim15, each controlling a
rezpectlve power dfvice connected to the electricity distribution network;
an a control centre for, sending a id activation.signal, to.each of
the distributed plurdii tyAdFaqt’éad’PW%g%R/E36\66‘?1?‘?381‘1?%% %‘3‘8‘9 09"1‘“1“518. AO
system accor di nggd aith 60 wnthes €4id Shidiehent i9REnRl tb NBankdhidr Rbdtive of
reactive power control devices are arranged to initiate performance of said
control at diff@pwetinimspenseaios Medgtermired; yme geriod) dansiog;afist paidh delpying) |
19. A system acGahil ik Qafl dliile iR ai kAN Chafdflrfitid 7, wher ein each
said reactive power control device conprises nmeans for neasuring one or

5

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,
and the control means is arranged to control a switching means to selectively

10  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
claim, wherein the control means comprises a current modulation means.
15
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
electricity distribution network, and the control means is arranged to control a
20  duty cycle characteristic of the power consumption of the power consumption

device.

11. A reactive power control device according to any preceding

claim, whercin the power device comprises a power provision device for

25  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 12. A reactive power control device according to claim 11, wherein
the power device comprises an alternating current to direct current conversion

means for providing said direct current.
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15 nore performance characteristic of a respective power device, and each
said reactive power control device is arranged to transmt data indicative
of said one or nore performance characteristic to the control centre, said
one or nore performance characteristic conprising at |east one of: a val ue
of a. detected reactive power conponent flowing in the electricity

di stribution network; an 20 anount of reactive power contributed to the
electricity distribution network by a respective power device; and tines of
perf Ormance of said control of contributed of reactive power. A system
according to any of claim17 to claim 19, 'wherein each 25 said reactive
power control device conprises neans for neasuring an electricity quality
characteristic of g ectAirgdctive bW Béhtiol deliBe Gb&RdiRE Gb thydhrsddaidgut i on
networ k, and each said reactive power control device is arranged to
transmt dat aclpifyi eeprisingofmeape fap stacier ome oF mereeclestaeity jeRliyy quality
char act er i Sti gr @i O0f QB CaGkHE i B! AebRALAELEIAL] GehfdRl I nO to at
| east one of: a reactive 30 power characteristic; harnmonics 1nthe

el ectricity f wbepeinr itk oentiol meapretsi arfanged, & certtiobascharactegbticage powert wor k

i mbal ance; o0sgi i i t ients, i . P flow.

. A nethod fgllro%ig&e a?&rzg%gérhs?lg?%ggtﬂ‘l? gé\% g (\E/%Pc%os\%/\)/eérs PI %)1{3‘\3/EY ir}%da%\‘\%kgct ricity

di stribution slettweitk qeabity elidraderistic, ghe detectmb roae powesre diaciroity, qualiy one or
nore power dey hein [ranged to co ne_ power from . and/or provide
power to, thegﬂe %ﬁe ?t?écfgnﬁ& P%rgtl %ﬁ%ti o (lgfg#‘ ot n,mstlﬁet ﬁ’eetl f8¢ rl1tc‘fo{ri1)9pv‘r”i Si ng:

det ecti ng, atraadsaiod rgevidve daiations inavdl@gs tretveorb ombalachaodladonssini ¢ of
electricqb power &kom@g&.i .tﬁg electricity distribution network, said
reactive poweP”ERaAPAetERICR R PEPAI Y8t 0o a reactive power conponent of
electricity flowing in said electricity distribution network; and
10controlling, on the basis of said detge@eﬂ reactive power characteristic,
a contribution of reactt VEACHERMEPYEo oWkt dsyise rrEtipg Qi AW PIBSRYMSn net wor k

by the power elaivi,CRhersift 188 fodvendictisé BmyAbddea Powslipebvikedreabaék reactive
power characteristic. 22. A nmethod according to claim?2l, conprising:
det er mi ni ng aPP¥UE BlFCtif POt de tthg clestiictty vlistilstion Retwerkc s PaVFIC;

conpar i ng st hepdeisRnMeies cotfpristet 1ddstonR @ defHoRs AN bR at@A evice, a
personal electric vehicle, a personal electric bicycle and a domestic renewable

energy source.

15. A reactive power control device according to any preceding

20 claim, wherein 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 power from, or providing

25  power to, said distribution grid.

16. A reactive power control device according to any preceding
claim, comprising a communications interface for receiving an activation signal
from a control centre, wherein said control means is arranged to perform said

30 control of reactive power contribution in response to receipt of said activation

signal at said communications interface.
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controlling said reactive power contribution so as to reduce a difference
between the detected value and the predefined value. 20 23. A net hod
according to claim?22, in which said reactive power characteristic rel ates
to a phase difference between voltage and current of electricity flowing in
the electricity distribution network. 24. A nethod according to
claim 23, conprising: determ ni ng, based on said detected reactive
power characteristic, whether said detected reactive power conponent is
nore inductive than the predefined value or whether it is nore capacitive
than the predefined value; and in the case that the detecteﬂgégactive power
|

cormponent i s deternmi Aéd t& SOHE {BF &5¢ AR UORIYENE HEHFUYR POHEE dval ue,

control |ing sai ¢RIy afleWuREn hAweADielshéR c6@PAGhd:i Ve reactive power to
the electricity J?s [ K; W P écase that the detected

_ tribution network; _ :
reactive power conpopedittribeed gtusality 98 deacive @OWET oI JeYicss,coMig ©ne

predef i ned val U3t Loh chRISH FeRMET HR: QB ocARRt QUi abaligt i ve

reactive power to _ on network. 525. A nmet ho
accor di ng t o5 anyissfibutioainetwdtk;taod cl ai m 24, conp detecting a change in said

reactive power characteristic; . . e .
P 3" Gontro Icgﬁtrea{‘})g 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
10  plurality of reactive power control devices are arranged to initiate performance

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

19. A system according to either of claim 16 and claim 17, wherein

each said reactive power control device comprises means for measuring one or

15  more performance characteristic of a respective power device, and each said
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

20  amount of reactive power contributed to the electricity distribution network by a
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

25  said reactive power control device comprises means for measuring an electricity
quality characteristic of electricity flowing in the electricity distribution
network, and each said reactive power control device is arranged to transmit

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

30  power characteristic; harmonics in the electricity flow; random or repetitive
variations in voltage; network imbalance; oscillations in power flow; transients

in the power flow.
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changi ng said reactive power contribution of the power device, in response
to a detected transition of a value of said reactive power conponent across

a threshold value.. | 0 A met hod according to claim 25,
conprising determ ning said threshold value according to a random val ue
generation process. 27. A nmethod according to either of claim25 and
claim 26, 15conp changi ng the reactive 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 detected reactive power, characteristi ﬁ{lchan ing f a val ue | ess

ro
than a first thr esh@l-d. val tethod TvEcu g sord B %%W?Inhf’?’s’tn Ar eshol d
val ue; and electﬁa&n%)hlt‘ﬁ?ﬁfig@nét%ﬂé EReBRYRS of OO bR Wodk: HevithietRlongt ri city

di stribution networ e power device fromsaid second predeterm ned
val ue to sai d drimete guven eleeices badg warhugedi th coesponpewtrofremy aindier pbvidai d

reactive power characteristic ch i.ng froma, val ye .great.er than a second
threshol d val ROH It ?lﬁ‘ét_nf"g%glsg'ﬁ’g‘ﬂ_og§§%’f°&k’3g%mglofiﬁpg@ﬁl§1ln§' val ue, said
second threshold Vadét&tilﬂg,vhm AidTRBWet Weick,es SehdidB e dharterfshE @Fhol d
val ue. 28. A nethod accordi \rll‘g to any of claim25 to claim 27,

conpri sing chaslgitrieal povesacilawiog jovibe aestriditybdisirbution netveork) sdidrieadtvg
ARG DN (A S R S T NN
characteri sti cflowing in said electricity distribution network; and
10 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.

15 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.

20
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.
25 24. A method according to claim 23, comprising:

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

30  be more inductive than the predefined value, controlling said power device to

contribute capacitive reactive power to the electricity distribution network;

39



29. A nethod according to claim28, conprising determning of said tine
period according to a random val ue generati on process.

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.

5 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.
10
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,
15  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
20  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
25  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, comptising
changing a reactive power contribution to the electricity distribution network by
30 the power device in response to a predetermined time period clapsing after

detecting said change in said reactive power characteristic.
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29. A method according to claim 28, comprising determining a value

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