
Reactive Power Management  Field. of the invention       The present
invention, relates to management of reactive power flow in an electricity
distribution network_ In particular, but not exclusively, it relates to
devices and methods for controlling reactive power flow at power
consumption andior provision devices, Backeround of the invention  10Supply
of electricity from providers such as power stations, to consumers, such as
domestic households and businesses, typically takes place via an
electricity distribution network. Figure 1 shows an exemplary electricity
distribution network 1 comprising an electricity transmission grid 100 and
an electricity distribution grid 102, The transmission grid is connected to
.15 generating plants 104, which may be nuclear plants or was-fired plants,
for example, from which it transmits large quantities of electrical energy
at very high voltages (in the UK, for example, this is typically of the
order of 204kV; however this varies by country), using power lines such as
overhead power lines, to the distribution grid 102. The transmission grid
100 is linked to the 20 distribution grid 102 via a, transformer node 106,
which includes a transformer 106 which converts the electric supply to a
lower voltage (in the UK, for example, this is typically of the order of
50k11; however, this varies by country) for distribution in the
distribution grid 102. The distribution grid in turn links, via substations
108 comprising further transformers fir 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 30current (AC) wave.         Electric
power consuming devices connected to the network at, for example, the site
of a domestic user 114, act as a load on the network, drawing power
therefrom. The load provided by each such device is typically not purely
resistive, but includes a reactive element, due to capacitive and/or
inductive CICMCIlis in the devices. The reactive component of the load may
be particularly large in devices such as electric motors and transformers,
which have a high inductance, and devices which have a high capacitance.
Such devices produce a reactive current component which flows at +90' to
the voltage; this results in a phase shill in the current flowing in the
network -with respect to the voltage. 10  The term "reactive power" is used
herein to refer to the product of a reactive current component and the
voltage flowing at a given location of the network. This reactive power
results in Ele net energy transfer to the device, hut it does have an
effect on the network and on power suppliers, as described below. The term
"real power" is used herein to refer to the rate of electrical 



15  energy consumption by a power consuming 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.        Whilst the effect of the reactive
load of an individual device on the current-voltage 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 he 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 or 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 30electrical power generation.. Similarly, the amount or
resources consumed by  3 the power provider in order to supply a given
amount of power to a consumer is increased, which may have undesirable
environmental consequences,       Further, network elements such as
transformers and power lines are dimensioned according to total the size of
the current (whether real or reactive-) 5flowing :in the network: their
operation is therefore adversely effected by any reactive current flow (due
to thermal losses and so on).       Conventionally, efforts to reduce the
cument-voltage phase difference of power flowing in such networks have
focussed on minimising the reactive power contribution or, and/or creating
an appropriate amount of compensating  10 reactive power at, large scale
power suppliers, and creating compensation for reactive power at
transformer stations within the electricity distribution network. For
example, a power station may use banks of capacitors andlor inductors,
independently or under instructions from the network operator, to adjust
the reactive power contribution of the power station. However, reactive
power compensation is effective only at short distances (due to e.g.
thermal losses), and, furthermore, the cum-int-voltage phase difference may
vary significantly from location to location within the electricity
distribution network; this means that reactive power compensation at a
small number of large scale power providers does not effectively compensate
for localised current-voltage phase 



20differences.       Some large scale consumers of reactive power may also
use some means of minimising their own reactive power contribution to the
network by using supplementary devices to compensate for the reactive power
they generate, such as switched capacitors or an unloaded synchronous
motor; indeed, some power  25 providers encourage industrial consumers
(such as factories) to contribute less reactive power by charging for
reactive power contributions in addition to real power consumption. These
methods all focus on minimising the contribution of individual devices to a
current-voltage phase difference in the network. United States Patent
Application US2009/0200994A1 describes a 30distributed system of renewable
energy sources each including circuitry for generating reactive power on
demand. Each of the renewable energy sources is  4 in communication with a
central corarolling "Network Operations Centre", which remotely controls
reactive power production by renewable energy sources, The Network
Operations Centre receives a request from a utility company (Le. a power
provider) for a required amount of reactive power; in 5 response the
Network Operations Centre calculates an optimum reactive power contribution
required from each of the renewable energy sources under its control to
produce the necessary compensation, and sends commands to the renewable
energy sources accordingly. This provides a method of actively compensating
for current-vnitage phase differences Mat may be present in the 10 network.
However, the system of US2009/0200994A1 requires central control and cannot
react to more localised changes in local network voltage-currem phase
differences       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 consurain.g 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 25component 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 eh aracteri stie,. 30By controlling provision of
reactive power at a power device on the basis of a reactive power
characteristic measurement made at the power device, real-  time
compensation can be provided for local variations in reactive pov,rer. The
reactive power control device enables compensation for these local
variations through autonomous variation of a reactive power contribution
based on local measurement, and do not require central control.       in
preferred embodiments, the reactive power control device is arranged to
determine a value of the detected reactive power characteristic and compare
the detei mined value with a predefined value, and the control means is
arranged to control the reactive power contribution so as to reduce a
difference between the detected value and the predeteimined value. 10Thus,
the reactive power control device can be arranged to control a power device
to produce a reactive power contribution 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 electricity :flowing in the electricity
distribution network; the predefined value may comprise a predefined phase
difference value.       Preferably, the reactive power compensation device
is arranged to determine, based on the detected reactive power
characteristic, whether the 20 reactive power component is more inductive
than the predefined value or whether it is more capacitive than the
predefined value, and the control means is arranged to:       control the
power device to contribute capacitive reactive power to the electricity
distribution network in response to a dett:Tmination that the detected
25reactive 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 device to compensate for either inductive or capacitive power flows
in the electricity distribution network.  6        In some embodiments, the
detecting means is arranged to detect a change in the reactive power
characteristic, and the control means is arranged to change the reactive
power contribution to the electricity distribution network, in response to
the detecting means detecting a transition of a value of the reactive power
characteristic across a threshold value. Preferably, the 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 v4if, in response to a value
of the detected reactive 



10  power component changing from a value less than a first threshold value
to a value 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 electricity distribution network,
preventing oscillations occurring in the 20  functioning of the device and
disrupting current flow M 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
25oscillations from being introduced into the electricity flow in the
system.       In some embodiments, the electricity flowing in the
electricity distribution network comprises an alternating current
electricity flow having a predetermined period, and the control means is
arranged to control a switching means to selectively interrupt provision of
power to the power device during one 30or more portions of the
predetermined period. In some embodiments, the control means comprises a
current modulation means, such as pulse width modulation  7 means, and the
power characteristic comprises a duty cycle characteristic of the power of
the power consumption device. 



In some embodiments, the power device comprises 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 means is arranged to control a direct current to alternating
current conversion means.        the reactive power control device may
comprise means for detecting one or more electricity Quality characteristic
of electricity flowing in the 10  electricity distribution network, and the
control means is arranged to control a. characteristic of power provided
and/or consumed by the power device so as to alter said detected
electricity quality characteristic, wherein the detected one or more
electricity quality characteristic comprising at least one of; harmonics in
the electrichy flow; random or repetitive variations in voltage; network 15
imbalance; oscillations in power 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 electricity
distribution network, the power provision device may comprise at 20  least
one of: a photovoltaic generation device, a personal electric vehicle, a
personal electric bicycle and a domestic renewable energy source such as a
CHP power generation device. The power device may comprise a power
provision device arranged to provide a power to the electricity
distribution network of typically up to approximately /0kW, as the state of
the art allows. 25In some embodiments, the electricity distribution network
comprises a. transmission iaid and a distribution grid, the transmission
grid being connected to the distribution inid 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,
pow-er device is for consuming 30power 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  8 local or city nekVOtk. This
enables a corrective contribution to be made to local reactive power flows
in such networks. 



hi some embodiments, the reactive power control device comprises a
communications interface for receiving an activation signal from a control
centre, and the control means is anarigeri to perform the control of
reactive power contribution in response to receipt of the activation signal
at the communications interface, This enables a central, entity to activate
and/or deactivate of one or more reactive power control devices; this may
be useful in applications of the present invention where groups of reactive
nower devices are 10 used to provide reactive power compensation on an
on-demand basis, for example as part of a scheme in which reactive power is
sold to an electric power provider.        In accordance with a second
aspect of the present invention, there is provided a system for use in
controlling reactive power flow in an electricity distribution network, the
system comprising a distributed plurality of reactive power control devices
as described above, each controlling a respective power device connected to
the electricity distribution network. Embodiments of the present invention
may be implemented with distributed groups of Power suPPIY devices arranged
to collectively provide compensatory reaCtiNC power 20compensation to the
electricity distribution network. The system may also comprise a control
centre for sending the activation signal to each of the distributed
plurality of reactive power control devices.        In preferred
embodiments, different Ones of the plurality of reactive power control
devices are arranged to initiate performance of the control at 25 different
intervals after receiving the activation signal. This prevents all of the
plurality of devices from activating simultaneously, causing a sudden
change in electricity power flow in the electricity distribution network.
in some embodiments, the reactive power control devices comprises means for
monitoring one or more performance characteristics of a respective 30power
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  0 



performance characteristic comprising at least one of: a value of a
detected reactive power component flowing in the electricity distribution
network, an amount of reactive power provided to the electricity
distribution network by a respective power device and times of performance
of the control of provision of 5reactive power.        Additionally, or
alternatively, the reactive power control devices may comprise means 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 transmit data indicative of the one or more
electricity quality characteristic, the one or more electricity quality
characteristic comprising at least one of' a reactive power characteristic
harmonics in the electricity flow; random or repetitive variations in
voltage; network imbalance; oscillations in power flow; and transients in
the power flow. This enables the control centre to obtain data relating to
measurements 15 made at various distributed points throughout the
electricity distribution network; such data may be valuable for a power
provider in monitoring network conditions, for example.       in accordance
with a third aspect of the present invention., there Is provided a method
for use in controlling reactive power flow in an electricity 20
distribution network connected to one or more power devices, the one or
more power devices being arranged to consume power from, and/or provide
power to, the electricity distribution network, the method comprising:
detecting, at the power device, a reactive power characteristic of
electrical power flowing in the electric power distribution network, the
reactive power characteristic relating to a reactive power component of
electricity Rowing 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
30characteristic.  10        Further features and advantages of the
invention will become apparent from the following description of preferred
embodiments of the invention, given by way of example only, which is made
with reference to the accompanying drawings. 



Brief Description of the Drawings Figure 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 10therebetween, in accordance with an
embodiment of the present invention; Figure 3a shows power consumption
cycles of a power consumption device;          Figure 31i shows a first
type of controlled power consumption of power by a power consumption device
in accordance with an embodiment of the 15present invention;        Figure
3c shows a second type of controlled power consumption of power by a power
consumption device in accordance with an embodiment of the present
invention;          Figure 3:1 shows a third type of controlled power
consumption of power 20by 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; 25Figure 5a is a graph showing voltage versus time
at the output of a DC power provision device; 



Figure 5h is a graph showing the variation of voltage with time at
terminals of an li-bridge controlled by a reactive power control device
operating in a first mode in accordance with an embodiment of the present
invention;         Figure Sc is a graph showing the variation of voltage
with time at terminals of an. li-bridge controlled by a reactive power
control device operating hi a second mode in accordance with an embodiment
of the present invention;        Figure 5d 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 third mode in accordance with an
embodiment of the present invention;        Figure 5c is a graph showing
the variation of current with time of current provided to an electricity
distribution network by a power provision device controlled by a reactive
power control device operating in the first mode in 10accordance with an
embodiment of the present invention;        Figure 5f is a graph. showing
the variation of current with. time of current provided to an electricity
distribution network by a power provision device controlled by a reactive
power control. device operating in the second mode in accordance with an
embodiment of the present invention; 15Figure 5g is a graph showing the
variation of current with time of current provided to an electricity
distribution network by a power provision device controlled by a reactive
power control device operating in the second mode in accordance with an
embodiment of the present invention;        Figure 6 is a flow diagram
showing steps perfouned by a reactive power 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. 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 



30power 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  saving lamp, a mobile telephone chatter, computing device supply, a
medium sized power device; having a power rating of between 500W and 10kW,
such as a personal electric vehicle (PEV), or a large power device, having
a power rating of more than 10kW, such as industrial machinery located at
a. factory. It should 5be noted that the devices may be single-phase or
multi-phase; in the latter case the above power ratings apply per phase.
When the power device 202 comprises a power consumption device power is
supplied to the power device 202 from the electricity distribution network
1, typically in the form of at, altatME, Lan  10alternating current.
The power device 202 may alternatively or additionally comprise a power
provision device that provides power to the electricity 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 energy and releases it when
required. Some devices may function both as a power consumption device and
a power provision device; for example, personal electric vehicles (PEI')
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 PEN 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 I described above with reference to figure
1, thr example to a local 25network such as a city network. 



The reactive power control device 200 may be implemented as an intewal 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 30be
implemented as a stand-alone device, which can be connected to the
electricity distribution network 202, and to which power devices 202 can be
13 interchangeably connected so that the power device receives power from,
and/or provides power to, the electricity distribution network 202 via the
reactive power control device 200., The exemplary reactive power control
device 200 shown in Figure 2  5 comprises a reactive power meter 203, a
control unit 204, and a current control device 212. The reactive power
meter 203 detects and measures a reactive power characteristic (RPC)
rehnin2 to a. reactive power component of power flowing in the electricity
distribution network 1 at the location of the power device 202. The
reactive power meter 203 may comprise a phase detector  10 which is
commonly found in phase locked loop (P1,I,) circuits, a voltmeter and
ammeter combination, and a clock, which measure voltage and current of
electricity in the electricity distribution network I at the location of
the power device 202, and timing characteristics thereof, or any other
device capable of measuring a reactive power characteristic of the
electricity flowing in the electricity distribution network. The reactive
power meter 203 sends measurement signals to the control unit 204
indicative of RPCs it detects. The measurement signals may include data
indicative of the magnitude and/or sign (i.e. whether the current lags or
leads the voltage) of a reactive power component. 20Many 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, Rm. example, 't
magnitude of the reactive power component, or a power factor of the
electricity flow. Further, where it is described herein that the  25
react:Ric 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 30electricity distribution network 1, from which the
control unit 204 may derive a 



phase difference.  14       The control unit 204 comprises a processor 206,
a data store 210 and a communications interface 208. The processor 206,
which may be implemented as, for example, a programmable device or using
simple logic circuitry, receives the measurement signals sent by the
reactive power meter 203, and, based on 5 these signals, determines a
current-voltage phase shift of electricity flowing in the network and.
sends control signals to the current control device 212. Th.c data store
210 may be used to record data such as data indicative of fliCaSUrClitaltS
made by the reactive power meter 203, control signals sent by the processor
206 to the current control device 212, and. so on. The l/0 :interface 10
208 may be used. to communicate with a control centre to provide it with
data recorded in the data store and/or receive activation and/or
deactivation signals from the control centre; the control centre and. its
interactions with the reactive power control devices will be described in
more detail below. The current control device 217 receives control signals
from the 15 processor 206 and, based on these signals. COIAMS 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 20towards a set optimum value, as
discussed below.       E.xumplary 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 I, the
unshaded areas represent: 30periods of time when the current control device
212 controls the power 



consumption device 202 to draw no current from the electricity distribution
15 network I. This control may be pert-tuned by operating a switching
device, typically a semiconductor switching device, to selectively connect
and disconnect the power consumption device 202 to and from the electricity
distribution network 1. In this way, the reactive power control device 200
can 5 vary the duty cycle of the power consumption device 202 such that the
power consumption 202 device consumes power asymmetrically over a given
cycle, thereby adjusting the amount of reactive power it provides to the
electricity distribution network 1, as is now described in rnore detail. By
modulating the current provided to the power consumption device, the
reactive power 10 contribution of the power consumption device 202 can he
varied without using any additional. means of generating reactive power,
such as switched capacitors. Further, the current modulation method enables
a faster response to changes in network conditions than is possible with
these additional means, in a first mode of operation of the reactive power
control device 200 I 5 shown in Figure 30, the power consumption device 202
draws current from the electricity distribution network I over the whole of
the voltage cycle. In this mode, the current control device 212 does not
exert any influence on the power consumption device 202 i.e. the sviitch,
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 Fiume 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.e. the reactive power
control device 212 controls the power consumption device 202 to provide a
capacitive reactive power to the electricity distribution network;
conventionally, liv phase difference is assigned a positive value where the
current leads the voltage. 30Following 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
flowing in the electricity distribution network 1. Modes of operation in
which the power consumption device 202 provides a positive contribution to
the current-voltage phase difference are collectively referred to herein as
a "capacitive mode".  5 In a third mode of operation shown in Figure 3c),
the current control device 212 controls the power consumption device 202 to
draw current only for a time period T2 befbre each time the voltage crosses
zero; the length of time period T2 may be the same as or different to that
of time period Ti. This results in a current component which varies
according to the same frequency as the  10 voltage, hut which lags it i.e..
the current control device 212 controls the power consumption device 202 to
provide an inductive contribution to power flow in the network. Following
the above-described convention, in this mode of operation, the reactive
power control device 200 controls the power consumption of the power
consumption device 202 to produce a negative  15 contribution to the
current-voltage phase difference of electricity flowing in the electricity
distribution network 1. Modes of operation in 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 3e) 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 andlor 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 hail cycle C is divided into 16 time slots, with power being
drawn from selected ones of the 30time 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,  17 



which enables a smoother distribution of power consumption over the voltage
cycle. In the examples shown in Figure 3d), power is supplied to the power
consumption device during every other time slot in the early part of each
half -cycle C, with power being supplied only every third time slot during
the later part of each half cycle C. resulting in a capacitive reactive
power contribution to the electricity distribution network.       In some
embodiments of the present invention, the current control device 212
comprises a PulseWidth Modulation (PWM) unit, and operates according to a
PWM method, as is now described. in a PWM method, each cycle of the 10
power supply from the electricity distribunon network 1 is again divided
into slots, for example a few tens of slots, with 1:he proportion of time
during each slot that power is supplied to the power COBStErnptiOn device
212 being varied according to the slots position in the cycle; for example,
the power consumption device 202 could be run at 45% of capacity during the
first and third quarters of 15  each cycle, and at 55% during the second
and fourth quarters to produce a "lagging" inductive power contribution.
This may be implemented by dividing each of the time slots into sub-slots
and supplying power to the power consumption device only during a
proportion of the sub-sims of a given slot, for example. 20As mentioned
above, although the above examples described in relation to figures 2 and 3
refer to the power device 202 as a power consumption device, in some
embodiments of the present invention the power device 202 is a power
provision device which provides power to the electricity distribution
network 1, with provision of power rather than the consumption thereof
being controlled by the reactive power control device 200. In the hatter
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.       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,  18 such as a PEV or personal electric bicycle battery, it
may be COEWelliCnt to modulate the current as part of a DC to AC conversion
process. Further, in cases where AC power provided by the power device 202
is variable or of low quality, for example in a domestic bir(fuel
generator, it may be convenient to convert the AC power to a stable DC
power before re-converting it to an AC power according to a method as is
now described. The AC/DC conversion may be implemented using a temporary or
intermittent energy store such as a battery.       Figure 4 shows details
of a reactive power control device 200 that may be used as part of a
(DC/AC) conversion device ((liken referred to as an 10 "inverter"), as is
described below. In this example, the reactive power control device 200 is
used with a DC power provision device 202a, and the current control device
212 comprises an H-bridge 412, an inductor 404 and a transformer 406,
functions of which are described below. The DC supply from a DC power
provision device 202a is connected to 



15 an 1i-bridge 412, which comprises four switches 400a to 400d, which are
typically implemented as transistor or other semiconductor switches. The
H-bridge 412 is controlled by the reactive power control unit 204 to
control a reactive power contribution of the DC power provision device
202a. The H-bridge is connected via terminals 402a and 402b to an inductor
404 and 20subsequent components, which are described below.        By
altering the configuration of thc switches 400 of the H-hridge 412, it is
possible to alter the polarity of the tetminals 402a and 402b of the
II-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 2020, whilst 11-bridge terminal 402b is electrically positive (i.e.
current flows through terminal 40M of the H.-bridge 412 away from the
positive terminal 401a of the power provision device 410h). Conversely, in
a conlipration in which switches 400a and 400d 30are open and switches 400b
and 400c arc closed, Id-bridge terminal 402a is electheally positive and
H-bridge terminal 402h is electrically negative.        The processor 206
of the control unit 204 controls the switching configurations of the
H-bridge so as to produce an AC signal from terminals 402a and 402b. The
signal from the H-bridge 412 is fed to an inductor 404, which smoothes the
AC signal, and from there to a transformer 406, which 5adjusts the signal
to have voltage suitable for transmission in the electricity distribution
network I, to which_ the signal from the transtbrmer 406 is fed.
Figure 5a is a graph of potential difference (V) between output terminals
40Ia and 401b of the power provision device 202h, against time (T). The
potential difference is shown as non-varying; in practice, there may he
some  10 variation with time, according to, for example, weather
conditions, if the power provision device 202a is a solar power generator.
Figures 5b to 5d are graphs showing a potential difference between 11-
bridge terminals 402a and 402b against time, when the H-bridge 412 is being
controlled in different modes according to embodiments of the present 



15 invention. Figures 5e to 5g show a corresponding variation of current
(1) with time at the output terminals 408a and 408b of the transformer 406,
ix. the current supplied to the electricity distribution net work I. In
each of the examples described with reference to figures 5b to 5d, the
control unit 204 controls the H.-bridge 412 such that the switches 400a to
400d operate in a  20 periodically repeating on-off se,quence to produce an
alternating current at the output terminals 408a and 408b of the
transformer. The alternating current produced is arramzed to be in phase
with, and have a half-cycle C' length corresponding to that of the
electricity flowing in the electricity distribution network I.       Figure
5b shows the variation of voltage against time at the H-bridge terminals
402a and 402h 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
repealing ono if sequence, which is symmetric about the centre point: of
each half-cycle C', 30such that the current supplied to the electricity
distribution network I is a symmetrical sinusoidal alternating current, as
shown in figure 5e. Since the on-  20 off pattern, and the current provided
to the electricity distribution network is symmetric about the centre point
of each half cycle C', no reactive power contribution is made to the
electricity flowing in the electricity distribution network. 5Figure Sc
shows the variation of voltage against time at the Fl-bridge terminals 402a
and 402b when the control unit 204 is controlling the II-bridge according
to a capacitive 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 asymmetric about the centre point of each
half-cycle, such 10  that the current supplied to the electricity
distribution network 1 is an asymmetric alternating current, as shown in
figure 5f. The proportion of time during which current flows through the
11-1-bridge 412 is higher during the first half of each half-cycle C', such
that the current supplied to the electricity distribution network leads the
voltage of electricity flowing therein; in this 15  mode, a capacitive
contribution is therefore made to the electricity flowing in the
electricity distribution network I.       Figure 5d shows the variation of
voltage against time at the II-bridge terminals 402a and 402h when the
control unit 204 is controlling the H-bridge according to an inductive mode
of operation. In this mode of operation, the 



20  control unit 204 controls the switches 400 of the H-bridge 412 in a
repeating on-off sequence which is asymmetric about the centre point of
each half-cycle, such that the current supplied to the electricity
distribution network 1 is an asymmetric alternating current, as shown in
figure 5g. The proportion of time during which current flows through the
H-bridge 412 is higher during the 25  second half of each half-cycle C',
such that the current supplied to the electricity distribution network.
lags the voltage of electricity flowing therein; in this mode, an inductive
contribution is therefore made to the electricity flowing in the
electricity disixibution network. 1.          The embodiments described
with reference to figure 4 and figures 5a to 305g provide a. Further method
of modulating current flow from a power provision desiice. 202 to vary the
reactive power contribution of the power provision  71 device 202 can be
varied without using any additional means of generating reactive power,
such as switched capacitors. In the embodiments described, a reactive power
contribution is controlled by producing an AC signal which is asymmetric
about the centre point of each half-cycle C', but which crosses the zero
point at the same frequency at, and at thc same timing of the voltage
signal flowing in the electricity distribution network 1. Additionally or
alternatively, a reactive power contribution may be produced by shifting
the timing at which the signal crosses the zero point, so as to be out of
phase with the voltage signal flowing in the electricity distribution
network 1. 10In the above examples, the reactive power control device
operates in a finite number of discrete modes, in which the 212 pmvides
reactive power of a predefined magnitude in each. of the modes. In some
cases, there are regulations prescribing a maximum allowable power factor
that may be provided by a power consumption device 202. For example,
European Community regulations 15  prescribe that devices having a power
rating of up to 25W must have a power factor of 0.5 or more, and :hat
devices having a power rating of 75W or greater must have a power lc:actor
of 0.9 or more (see IECIEN 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 control device 212
is active. However, in some embodiments, the current contrail 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 characteristics, such as the power rating, of the power
device 202 andlor 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 30in the current cycle, in conjunction
with or as an alternative to the switching devices described above. 



By controlling the power consumption of the power consumption device 202
according to the modes of operation of the reactive power control device
200 described above, a capacitive reactive power contribution and/or an
inductive reactive power contribution to the power flow M the electricity
distribution network I can be provided which is independent of any
inductive and/or capacitive reactance that the components of the power
device 202 may themselves possess. Thus, although the power unit 202 may
make, :FOE' example, an inductive contribution to the power flow, due to
inductive components therein, such as magnet coils etc., the contsibution
to the power flow due to the 10operation of the reactive power control
device 200 may be, for example, capacitive.        Figure 6 is a flow
diagram showing exemplary steps performed by the reactive power control
device 204 in controlling the power device 202 in accordance with some
embodiments of the present invention. At step 8600 the i 5 reactive power
meter 203 measures a current-voltage phase difference of electricity
flowing in the electricity distribution network at the location of the
power device 202.        At step S602, the processor 206 in the control
unit 202 detecnnncs, based on the measurement made at step 8600 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 predeteimined range, no adjustment
to the reactive contribution of the power device 202 is required, so the
process proceeds to step 8604 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 8602
that the phase difference is not within the predetermined range, the
process proceeds to 30step 8606 where the processor 206 determines whether
inductive compensation is required, for example by determining whether the
phase difference measured  



23 at step S600 is outside of the predetermined range on the inductive
side. If it determines that an inductive contribution is required, the
process proceeds to step S608, in which the processor selects a capacitive
mode, so that the an-rent control device 212 controls the power device 202
to provide an inductive  5 contribution to power flow in the electricity
distribution network 1, and sends a command signal to the current: control
device 212 to operate in a capacitive mode.        If u is determined at
step S606 that inductive compensation to the phase difference is not
required, it is concluded that a capacitive contribution is  10 required,
and the process proceeds to step S610 in which the processor 206 selects an
inductive mode, so that the current control device 2l2 controls the power
device 202 to provide an inductive contribution to power flow in the
electricity distribution network, and sends a command signal to the current
control device to operate in an inductive mode. 15in this way the reactive
power control device 200 controls the flow of cun-ent, and thereby power,
to and/or from the power device 202 in response to a locally detected
current-voltage phase difference of electricity flowing in the electricity
distribution network 1. This control of current flow produces a reactive
power contribution which adjusts the phase difference of the electricity
20 flowing in the electricity distribution network. In cases where the
power consumption and/or provision of the power device 202 is large, the
corrective reactive power contribution from an individual device may
provide a sipiricant adjustment to the phase difference of electricity
flowing in the electricity distribution network. Further, even where the
power consumption and/or provision or individual power devices 202 is
small, for example if the device is a low power device as described above,
the combined contribution from a distributed group of such devices can have
a significant effect on current-voltage phase difference of electricity
flowing in the electricity distribution network, as is described in more
detail below. 30Typically, the conditions of the network will vary with
time; accordingly, in some embodiments of the present invention, the
process  described above with reference to Figure 6 is repeated
continuously, or at intervals, with changes in the phase difference
detected by the reactive power meter resulting in different modes, and
thereby different reactive power contributions being selected. 5ill the
above example, it was described that the reactive power 



compensation device 200 determines whether the phase difference is within a
predetermined range and selects a mode of operation in dependence on this
determination; however, in some embodiments, there is no predetermined
range. in these embodiments, the reactive power compensation device 200
omits step 10  S602, and proceeds directly to step S606. In other words, in
these embodiments, there is no "neutral mode" of operation of the reactive
power compensation device, and the reactive power compensation device 200
switches between capacitive and inductive modes depending on whether the
reactive power flow is determined to be more inductive or more capacitive
than a predefined value, 15  In some cases it is desirable to provide a
reactive power component having a sign which always opposes the sign of the
detected reactive power component (i.e. to provide a capacitive component
if the detected reactive power component is inductive, and vice versa), so
that the predefined value mentioned above is zero; in other eases, the
optimum current-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 I. The optimum situation from the perspective of
efficiency of power transmission is therefore not necessarily for the phase
difference to be zero at the location of the power device 202; it may
instead be lbr 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 30arranged to determine a value of the phase
difference, compare this with a predefined optimum value, and provide a
reactive power contribution aimed at  reducing the difference between the
detected phase difference and the predefined. value.        Since the
predetermined range mentioned above is typically centred on (or at least
includes.) the optimum value, in some cases, especially where the optimum
value is set at or near to zero and/or where the predetermined range
mentioned above is relatively large, the end points of the range may be of
opposite sign i.e. one end may correspond to a. capacitive value, with the
other end corresponding to an inductive value. In these eases, the step of
determining whether inductive compensation described above (step 5606) may
comprise 10 simply determining whether the current-voltage phase difference
measured at step S600 is inductive or whether it is reactive, In other
cases, where the optimum value is set at a non-zero value, and especially
where the predetermined range is relatively narrow, the predetermined range
will comprise only capacitive values or only inductive values. In these
cases, step 5606 may 15 comprise comparing the phase difference measured
with at step 5600 with the end points of the predetermined range to
determine whether the measured phase difference lies on the inductive side
or the capacitive side of the range.        In. some cases there may be
small fluctuations in the phase shift of electricity in the electricity
distribution network 1; if these fluctuations occur at 20 or near the
threshold values defining the end points of the acceptable range described
above, they can cause the reactive power control device 200 to oscillate
between modes; this may exacerbate the oscillations, and produce
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
Wilefl operating 30in mode 2, zero reactive power when operating in mode I,
and. a. reactive power of --P when operating in mode 3. Although the
magnitude of the reactive power  26 generated in this example is the same
in both mode 2 and mode 3, in some embodiments the magnitude may be
different in each of the modes.       Figure 7 shows four threshold values,
RI to 1t4 at which the reactive power control device 200 switches between
modes, with RI and it, representing negative (inductive) phase differences
C R2D and 12.3 and R4 representing positive (capacitive) phase differences
(114)11231). As the magnitude of an inductive network phase difference
increases, the reactive power control device switches from a neutral mode
to capacitive mode once the value of the phase difference crosses RI.
However, in the opposite direction, as the magnitude of 10  an inductive
network phase difference decreases, the reactive power control device 200
does not switch from a capacitive mode to a neutral mode at R; instead it
switches at R. Similarly, for an increasing capacitive network phase
difference, the reactive power control device 200 switches from a neutral
mode to an inductive mode, but 'for a decreasing capacitive network phase
difference, 15  it switches at RI. Thus, even, if the phase difference does
fluctuate around one of the threshold values R. to 124, there is no
oscillation in the mode of operation of the reactive power control device
200, because the latter is stable in a neutral mode around R2 and R3,
stable in a capacitive mode around R1 and stable in an inductive mode
around R. 20The example described above in relation to figure 7 refers to
RE and R2 as representing inductive values and 1(4 and fIl as representing
capacitive values; however, it will be understood that where the optinriuna
value mentioned above is non-zero, all of R1 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 121, even if the
detected phase difference remains capacitive; similarly, the reactive power
control device 200 may switch to an inductive mode to provide an iiEdUCtiVe
contribution when the detected phase difference crosses R4 even if the
detected phase difference remains inductive. 



30Additionally, or alternatively, to the hysteresis feature described, the
reactive power control device may be arranged to delay the switch between
modes when crossing a threshold value for some predetermined time period
T3. This also prevents high frequency oscillations from being introduced
into the system.       Furthermore, as mentioned above, in some embodiments
of the present invention, a plurality of reactive power control devices 200
may be distributed at different locations in the electricity distribution
network, each of the reactive power control devices 200 controlling a
respective power device 202, thereby forming a system which can be used to
control reactive power flow in the electricity distribution network I This
may be particularly advantageous when 10  used with low or medium sized
power devices 202, enabling a more significant adjustment to reactive power
flow in the electricity distribution network than can be achieved by using
individual devices. For example, it is estimated that around 5% of all
power consumption is due to lighting devices at commercial and domestic
premises. if all such lighting devices used a reactive power 15  control
device 200 according to the present invention, and assuming that the
methods described herein allow 5% of total power usage of a power
consumption device to be contributed as reactive power (a figure which is
easily achievable using the methods described herein), 0.25% of total
network power capacity could. be used to provide more efficient reactive
power characteristics 20  In embodiments using distributed groups of
reactive power control devices 202 (though not limited to these
embodiments), one or more of the values of the threshold values Ri to R4 at
which the reactive power control devices 200 switch between modes, andlor
the length of the delay in switching T3, may be varied between different
devices. The values may he 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 Ri to R1 and T.$; this could be done according
to a. randomisation process implemented at predefined time limits, or on
activation. of the device by an activation signal from a control centre
(sec below), for example. Randomising these values in this way prevents
distributed  28 groups of devices from acting in concert to produce
unwanted oscillations in the system.       As mentioned above, the reactive
power control devices 200 may be arranged to communicate with a control
centre via the communications interface. The control centre may be a node
in the electricity distribution network, or any other device arranged to
communicate and/or control a distributed gum) of reactive power control
devices as described herein. Communication between it and the reactive
power control device 200 could be performed using wireless or taxed line
communications, for example, 



10 communication via the interne and/or a GSM network, in some cases
communications between the reactive 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 sigial. 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 seactive 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 stare.       On
receipt or 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 Th to R4 and/or T3 described above may be performed in response
to receipt of this 30activation 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  29 do not all activate at
the same time, in order to prevent sudden changes in reactive power flowing
in the electricity distribution network. This may be done by arranging each
device to activate after a randomly generated time interval has elapsed
after receiving the activation signal; this randomly generated time  5
interval may be generated by the devices themselves, or it may be
prescribed in the activation signal itself       In some embodiments, the
parameters R.; to R1 and/or T3 may be prescribed by the control centre, as
part of activation signal, or some other signal. This enables the
characteristics of the reactive power control devices  10 202 to be
tailored according to the specific conditions of the electricity
distribution network 



in some embodiments some of the reactive power control devices 200 behave
autonomously, without the control of a control centre, and some other
reactive power control devices 200 acting under the control of a control
centre.  15 In this case, it may be advantageous for the predetermined
range described above to be relatively large for the autonomous reactive
power control devices 202, and relatively narrow for the remotely
controlled devices 202; in this way, all reactive power control devices 202
react to large swings in reactive power in the electricity distribution
networks, but with only remotely controlled devices, which may be more
finely adjusted by adjusting their characteristics remotely, being used to
adjust smaller changes.       As described, using a control centre to
activate and/or deactivate the reactive power control devices 200 enables
the latter to be used to deliver reactive power on demand to the
electricity distribution network I. Thus,  2.5 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 30arranged 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  30 electricity distribution network 1, results of
measurements of RPC by the reactive power meter 203 etc., and to provide
this information to the control centre via the communications interface
208. If the power device 202 is a mobile device, such as a REV, it may also
be arranged to record its location, 5using e.g. a GPS tracking device, and
communicate the same to the control MARI       Further, the reactive power
control devices 200 may measure one or more characteristic of the
electricity flowing in the electricity distribution network 1, and to
communicate data indicative of these electricity characteristics 



10  to the control centre. This measurement may be performed using the
reactive power meter 203, or one or more other meters. The one or more
electricity quality characteristic measured and reported may include one or
more of the fol lowing:  A reactive power characteristic; 9 Voltage
variations such as clips, 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 maybe caused by e.g. network faults, switching of capacitive
loads and excessive loading; 20 Harmonics; variations in the tine 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,  Flicker;
random or repetitive variations in the voltage; this may be caused by e.g.
mills, EAF operation (arc furnaces), welding equipment 25and shredders;
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;  Oscillations (resonances): the flow of electrical
energy, e.g. between the 30magnetic field of an inductor and the electric
field of a capacitor, changes direction periodically;  



31 Transients (fast disturbances). rapid change in the sine wave that
occurs in both voltage and current waveforms; this may be caused by
switching devices, start- and stop of high power equipment.       The
reactive power control devices 202 may also include means to control. the
power consumption and/or provision of the power device 202 to provide an
adjustment to these detected quality characteristics, using an adaptation
of the methods described above in relation to figures 2 to 7, for example.
The control centre may use this information for example to determine areas
of the electricity distribution network l requiring reactive power
compensation. The control centre may then determine a required amount of
reactive power required to be generated by a distributed group of the
reactive 15 pow-er control devices 200, and specify a mono 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 address and/or each reactive
power control device may be fitted 20  with a subscriber identity module
SIM card, in which case the address data comprises an identity number of
the SIM card, such as an NISISDN number.       The techniques and methods
described herein may be implemented by various means. For example, these
techniques may be implemented in hardware (one or more devices), firmware
(one or more devices), software (one or more 25 modules), or combinations
thereof. For a hardware implementation, the devices of FigUICS 2 and 4 may
be implemented within one or more application-specific integrated circuits
(AS1Cs), digital_ signal processors (DSPs), digital signal processing
devices (DSPDs), programmable logic devices (PLDs), field programmable gate
arrays (FPGAs), processors, controllers, miemmontrollers,
30microprocessors, other electronic units designed to perform the functions
described herein, or a combination thereof For firmware or software, the
implementation can be carried out through modules of at least one chip set
(e.g., procedures, functions, and so on) that perform the functions
described herein. The software codes may be stored in a data store unit and
executed by processors. The data store unit 210 may be implemented within
the processor or 5 externally to the processor. In the tatter case it can
be communicatively coupled to the processor via various means, as is known
in the art. Additionally, the components of the systems described herein
may be rearranged and/or complemented by additional components in order to
facilitate the achieving or the various aspects, etc., described with
regard thereto, and they are not limited 



10to the precise configurations set forth in the given figures, as will be
appreciated t5fone 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 I uses a single
phase distribution. However, it will be clear to the skilled person that
the same principles apply to multi-phase systems, such as three-phase
systems.        Further, in the above examples, the current control device
212 is implemented using one or more semiconductor switching devices. Such
20 embodiments may be particularly suitable for use with domestic
consumption devices drawing a current of up to approximately 25 to 35 amps
as is allowed in the art. However, when used with a high power consumption
or provision device, which produce a level of current which may damage the
semiconductor switches, it may be preferable to use other switching
devices, such as vacuum 25tubes.        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. 30Furthermore, equivalents
and modifications not described above may also be  33 employed. without
departing from the scope of the inventionwhich is defined in the
accompanying claims.  



1,A reactive power control device for use with a power device, the   power
device being for consuming power from, or providing power to, an
3electricity 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 electricity distribution network, said reactive power
characteristic relating to a reactive power component of 10electricity
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,
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
according2, wherein 



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 30said reactive power compensation device is arranged to determine,
based on said detected power characteristic, whether said reactive power
component is more  inductive than the predefined value or whether it is
more capacitive than the predefined value, and wherein said control means
is arranged to:       control said power device to contribute capacitive
reactive power to the electricity distribution network in response to a
determination that the detected 5reactive power component is more inductive
than the predefined value; and       control said 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. 105.A reactive power control
device according to any preceding 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 20said 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 75value greater than said first threshold value: and
change the reactive power contributed to the electricity distributio
: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 30said second threshold value, said second threshold value
having a magnitude less than said first threshold value.        7. A
reactive power control device according to either of claim 5 and claim 6,
wherein said control means is arranged to change said reactive power in
response to a predetermined time period elapsing after said detecting means
detects said change in said reactive power characteristic. 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 10interrupt 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.
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 20duty cycle characteristic of the power consumption of the power
consumption device.       11. A reactive power control device according to
any preceding claim, wherein 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. 3012.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.         13. A reactive
power control device according to any preceding claim, comprising means for
detecting one or more electricity characteristic of electricity flowing in
the electricity distribution network, wherein said control means is
arranged to control a characteristic of power provided and/or consumed by
the power device so as to alter said detected electricity quality
characteristic, the detected one or more electricity quality characteristic
comprising at least one of; harmonics in the electricity flow-; random or
repetitive variations in voltage; network imbalance; oscillations in
10power flow; transients in the power flow.        14. A reactive power
control device according to any preceding claim, wherein the power device
comprises a power provision device for providing electric power to the
electricity distribution network, the power 15  provision device comprising
at least one of: a photovoltaic generation device, a personal electric
vehicle, a personal electric bicycle and a domestic renewable energy
source,        15. A reactive power control device according to any
preceding 20claim, 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 25power 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
perfoon said 30control of reactive power contribution in response to
receipt of said activation signal at said communications interface.
17. A system for use in controlling reactive power flow in an elec ity
distribution network, the system comprising:       a distributed plurality
of reactive power control devices according to claim 15, each controlling a
respective power device connected to the electricity distribution network;
and       a control centre for sending a said activation signal to each of
the distributed plurality of reactive power control devices.       18. A
system accordingclaim 16, wherein different ones of the 10plurality of
reactive power control devices are arranged to initiate performance of said
control at different intervals Mier 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. 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.
l. A method for use in controlling reactive power flow in an electricity
distribution network connected to one or more power devices, the one or
more power devices being arranged to consume power from, and/or provide
power to, the electricity distribution network, the method comprising:
detecting, at a said power device, a reactive power characteristic of
electrical power flowing in the electricity distribution network, said
reactive power characteristic relating to a reactive power component of
electricity flowing in said electricity distribution network; and
10controlling, 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. 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.        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 10be more inductive than the predefined value,
controlling said power device to contribute capacitive reactive power to
the electricity distribution network;              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. 525.A method
according to any of claim 21 to claim 24, comp 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.. l 0             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, 15comp       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 20greater 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 25said second threshold value, said
second threshold value having a magnitude less than said first threshold
value.       28. A method according to any of claim 25 to claim 27,
comprising changing a reactive power contribution to the electricity
distribution network by 30the power device in response to a predetermined
time period elapsing after detecting said change in said reactive power
characteristic. 



29.A method according to claim 28, comprising determining of said time
period according to a random value generation process. 




