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& (57) Abstract: A local electricity distribution network (1) comprising a local transmission hub (13) and plurality of units (12a, 12b)
& arranged to selectively import and export electricity from and to the hub (13), the hub in turn being arranged to selectively import and
export electricity from and to an external grid (20). The individual units (12a, 12b) decide if they are to export or import energy to
or from the local transmission hub (13) based on information relating to the energy market received from the local hub. In the same
way the local hub decides if it is to export or import energy to or from the external grid (20) based on energy market information
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Power Distribution System

The present invention relates to a power
distribution system and in particular to suich a system
which is arranged to balance electricity generation and
consumption whilst ensuring that electricity is
generated in an efficient manner. It also relates to a
local power distribution network for forming part of
such a system and to a power-generating unit for forming
part of such a network. 4

In the United Kingdom there are mainly large power
stations with only a comparatively small amount of powér
being generated by lower output units such as windmills,
small-scale combined heat and power units (CHP), etc.
The power stations are connected to a national grid that
enables power to be distributed throughout the country
as required. Thus, to some extent it acts as a large
reservoir of power, although it does not generally store
energy (pump storage being a rare exception). In order
to balance supply and demand, the amount of power
supplied to the grid is controlled by the grid operators
by selectively reducing output from, or shutting down;
power stations.

In Denmark, by contrast, around 70 per cent of
electricity is produced by the smaller scale producers.
The overall arrangement can Dbe described as a
distributed system because of the geographical
distribution of generating capacity. There are a large
number of small CHP units and also wind turbines. The
wind turbines produce power whenever the wind blows and
there is no —centralised control of the smaller
generating units such as CHPs. So when Denmark produces
more power than it needs it has to export the power,
e.g. by means of a sub-sea cable to Norway, or the large
power stations can be shut down. There is only limited
control over the supply of power from CHPs and wind
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_ turbines to the grid. A few medium sized CHPs and large

wind farms may be stopped centrally in case of an
extreme situation.

It is thought that fhe Daﬁish arrangement is likely
to Dbecome more common in future as more power is
generated by environmentally friendly means such as wind
and wave power. It also favours potentially more
efficient technologies such as small scale CHP. However,
for such a system to operate with a good overall
efficiency and to be cost effective, it is important
that there be an effective mechanism of controlling the
import and export of electricity to and from the grid.
Such a system should result in the most cost effective
energy production being used at a given time, rather
than turning on and off those producers which are
technically easiest to control.

EP 0297718 relates to combined heat and power
systems, in particular to an arrangement where a number
of these are connected to a centralised remote control
arrangement. The control system is able to check gas
prices and electricity prices in order to determine
whether local generation is economically viable or
whether it is preferable to import energy from the grid.
Tt does not consider the control problems involved when
exporting power to the grid from small distributed
producefs.

WO 03/007120 does concern local power producing
units (LPPUs) arranged in groups that are connected to a
grid. These groups may include a private grid comprising
a number of LPPUs joined by a transmission bus and this
private grid may be connected to a public grid. The
system is centrally controlled with a network operating
centre which decides where power is. bought and sold
being linked to each node (a node being one or more
LPPUs plus local load and controllers).

Us 6,255,805 concerns the local generation of
electricity which may be sold to the grid. The system
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determines whether this.should occur by considering fuel
price, load, etc. Remote information may be used, but it
does not address the issue of balancing an overall
generating grid.

According to the invention there 1is provided a
local electricity distribution network comprising a
local transmission hub and plurality of units arranged
to selectively import and export electricity from and to
the hub, the hub in turn being arranged to selectively
import and export electricity from and to an external
grid, wherein each unit is arranged to determine whether
to import or export electricity to or from the hub based
upon data communicated between it and the hub and the
hub determines whether to import or export electricity
from or to the external grid based upon data
communicated between it and the external grid.

Thus, by means of data communicated between the
units and the hub and the external grid and the hub, the
electricity demand from and supply to the hub can be

" balanced.

The network may also comprise units that are
capable only of importing or only of exporting
electricity.

The hub may be one of a plurality of hubs connected
to the grid so that the grid itself acts as a hub.
Furthermore, the external grid may be one of a plurality
of such grids that are connected in turn to a still
further hub such that data may be communicated between
each such grid and the further hub so that the further

‘hub may determine whether to import or export

electricity from or to each grid.

There may additionally be a data connection from
the hub to a still higher power grid so that the further
hub may determine whether to import or  export
electricity from or to the higher power grid.

Tt will be appreciated that this pattern may be

repeated as many times as are desired so that an entire
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national or international electricity supply network is
provided. Such a system can be balanced without a
central controller communicating with each generating
unit. Instead, data need only pass between each hub and
the sources or supply and demand connected to it.

Thus, viewed from another aspect there is provided
an electrical distribution network comprising a
plurality of different power distribution sub-networks,
ecach sub-network comprising a hub and a plurality of
sources of electricity supply and/or demand in
electrical and data connection thereto, the sources
including the hubs of other sub-networks, the network
being balanced by controlling the flow of electricity to
and from each hub based upon data transmitted only
between the hubs and the sources connected thereto.

Tt should be appreciated that the terms 'control',
'controlling' etc. as used herein with reference to the
data communicated between the units/hub and hub/external
network, does not imply that the individual units or
hubs are centrally controlled but rather that they act
autonomously based on the control data, such that the
combined effect of the components of the network
interacting is to control the network

When applied to a power distribution network, for
example that found in Denmark, local distribution
systems (e.g. at 400V) connecting small-scale CHP units
and non-generating consumers form one set of hubs. These
may in turn be connected to a (for example 10kV)
distribution network forming another hub. This may also
have connected to it larger scale power producers such
as large wind turbines, larger CHP units or fuel-burning
power stations. There may be a number of such hubs that
are in turn connected to a higher voltage (e.g. 60kV)
hub, a number of these may be connected to a (e.g.)
150KV hub and if applicable a further (e.g.) 400kV hub
may be provided. Additional generating capacity may be

connected to each hub.
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Thus, the invention may be applied to a pyramid-
like or hierarchical network having a number " of
different levels, each corresponding to a particular
distribution voltage. However, it is equally applicable
to a network which contains only two levels - unit and
hub. Thus, each hub may be connected only to other hubs.
The entire system could operate at a common voltage 1if
distances were short enough that transmission losses are
not serious, but it is preferable that transmission
between hubs be at a stepped-up voltage. 4

There may be a transmission cable and a separate
data cable between each unit and its hub. Alternatively,
data may be sent along the electricity transmission
cable by means of suitable modulation. The data may also
be sent by wireless link, via the Internet, etc.

Various different kinds of data may be used to
control the system. It may include the amount of power
demanded or offered. In order to enable the system to
operate in an efficient manner, the data preferably also
includes data related to the physical efficiency of
power generation. This could be in terms of thermal
efficiency and could factor-in energy losses, e.g. due
to transmission, etc. In this way. the hubs can
preferentially obtain power from sources that operate at
the highest efficiency, thereby reducing fuel
consumption of the overall network. In the case of CHP,
the effective improvement in efficiency derived from the
use of the heat produced during generation may be
factored-in when deriving the efficiency data.

Additionally or alternatively, the data may be
based upon the economic cost of power generation. This
is, of course, closely related to the physical
efficiency, but is able to take into account other
factors such as maintenance costs, etc. It 1is also a
particularly convenient way to consider complex units
such as CHP units where there are numerous variables.

In a simple arrangement, the data transmitted to
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the hub may therefore be (or relate to) a price per unit
in appropriate units such as cents. The hub may then
obtain power from the lowest price sources, e.g. by
transmitting control signals to the generating units. Of
course the cost may vary with production and so more
than one price may be provided for different amounts of
electricity. It follows that the highest cost (and
therefore usually least efficient) wunits will only
supply electricity to the hub when demand 1s greatest.

The units may transmit data indicating the amount
of electricity they wish to import, or the hub can
determine when there is incipient under- or over-
capacity by monitoring voltage.

In a more sophisticated arrangement, the hub may
determine buy and sell prices that are transmitted to
the units connected to it. The individual units may then
determine whether to buy electricity from the hub or to
sell it to the hub. Thus, the data values relate to
market prices not to costs of production; there may be
significant variation due to changes in supply and
demand.

There may also be associated metering equipment
arranged to enable automatic payment (to and/or from the
hub) based on those market prices. Preferably the units
automatically determine the cost of production and
determine whether it is favourable to buy or sell
electricity or do neither.

With such an arrangement, the hub varies the buy
and sell prices in order to match demand to supply. As
demand increases, the prices at which the hub buys and
sells electricity may be increased until demand falls
and/or supply rises sufficiently to reach a balance. It
is of no consequence whether this 1is achieved Dby
increasing production from the local units or Dby
increasing importation from an external hub.

The buy and sell prices can be the same, but

preferably there is a differential (spread) to allow for
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losses, operating costs, profit, etc. The provision of
such a spread also improves the stability of the system.

Although such a system can operate without data
being transmitted from the wunits to the hub, this
results in a system that has, in effect, only basic
feedback control. It is therefore preferable that data
is also transmitted from the units to the hub and it is
particularly preferred that this data includes the
units’ buy and sell prices. This enables the system to
operate with greater stability because the hub 1is
provided with information about potential suppliers of
power as well as the current suppliers. This means that
the hub can operate as a stable feed-forward system.

Viewed from a still further éspect there 1is
provided a local electricity distribution system
comprising a hub connected to units that produce and/or
consume electricity, the hub forming a market with the
units whereby the hub repeatedly determines a buy price
and a sell price for electricity, the prices being
determined so as to balance the system, the units
automatically determining on the basis of those prices
whether to export electricity to the hub or to import it
from the hub.

The units may include CHP units. Preferably at
least one of the units is a further hub.

The system of this aspect of the invention
preferably further comprises some oOr all of the
preferred features discussed above. Thus, for example,
preferably the units’ buy and sell prices are
transmitted to the hub and these are used to assist in
the control of the operation of the hub.

The invention also extends to a method of supplying
electricity and/or balancing an electrical distribution
network comprising the use of a system or apparatus as
described above. It also extends to a method of
operating a power generating unit, e.g. a CHP unit,
connected to a hub in such a system whereby the unit
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derives price data as discussed above, transmits it to a
hub and is controlled on the basis of said data.

Certain embodiments of the invention will now be
described, by way of example only, with reference to the
accompanying drawings:

Figure 1 is a schematic view of a national power
generation network;

Figure 2 is a schematic diagram of a local market
incorporated in such a power generation network
according to the invention;

Figure 3 1is a schematic diagram of a CHP unit
connected to the power generation network;

Figure 4 shows a plot of fuel consumption and heat
output versus electrical output for the CHP unit of the
example; and

Figure 5 shows a plot of fuel consumption and heat
output versus electrical output for a comparable gas
powered CHP unit.

Figure 1 shows a power generation network 1 of the
sort used in Denmark. This is significantly different
from the networks found in some other countries where
most generation capacity 1is provided by large power
stations. The largest scale power-generation capacity is
provided by one or more conventional power stations 2
which supply the order of thousands of megawatts into a
400 kilovolt network 3. This network is used to transmit
the power over long distances. It is then transformed
down to 150 kilovolts and fed to regional network 4.
This network also has power generation capacity
connected to it such as large offshore wind turbines 5.

The power from the 150 kilovolts network is then
transformed down to 60 kilovolts where it is supplied to
district networks. To this network there may De
connected inland wind turbines 6 and large district
combined heat and power units 7.

In order to distribute the power to various local

areas it is then transformed down to 10 kilovolts to
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form medium voltage networks 20. Smaller-scale CHP units
8, and smaller inland windmills 10 may also feed power
in to this part of the network. It is from this part of
the network that large industrial Dbuildings 9 are
supplied and these may in some cases have the option of
providing power to the network.

Local distribution networks 11 and 12, which
operate at 400V are supplied from each medium wvoltage
network 20 via transformers.

Local network 11 comprises a number of consumers
1la, 1l1b, etc. In local network 12 some of the consumers
have their own power generating capacity. This includes
combined heat and power units 12b and 12d.

Tt will be seen that in this system power is fed
into the distribution network at all different levels.
Tf there is excess power in the network then it may be
exported from the 400 kilovolt level 3 by international
sub—-sea cables.

Conventionally, in order to Dbalance supply and
demand of power, generating capacity is selectively
added to or removed from the system on instructions from
a centralised controller.

The described embodiment of the invention controls
and balances the power generation network illustrated in
Figure 1 without such centralised control. Instead,
individual subsections of the network communicate
internally. These subsections in turn communicate with
other subsections.

The embodiment of the invention will first be
described with reference to local distribution network
12 which forms one such subsection. This is illustrated
in more detail in Figure 2.

Local distribution network 12 provides power to a
small town. It comprises a number of
generation/consumption wunits 12a, 12b etec which are
connected to local distribution hub 13 by means of power
cables 15a, 15b etc. and data cables lda 14b, etc. The
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individual units may take a number of different forms.
For example, unit 12a is a group of houses that take
electricity from the hub in the conventional manner.
Unit 12b, however, is a combined heat and power unit
that supplies energy to a small industrial unit. It is
capable of generating sufficient power to supply the
peak demand of the industrial unit. If desired, it can
also supply electricity to the hub 13 or electricity can
be imported from the hub 13.

The hub 13 is in turn connected to the medium
voltage network 20 by means of power cable 17 and data
cable 16.

Thus, the hub is able to communicate with the units
12a, 12b etc. and to import and export electricity from
and to these units. In a directly analogous manner, the
hub is able to communicate with the medium voltage
network and also to import electricity from it and
export electricity to it.

Units such as 12b, which are combined heat and
power units (CHP), are capable of providing hot water
for heating and also electricity. The nature of these
units is that electricity is effectively a by-product of
heat production. Thus, if a given amount of heat 1is
required then a certain corresponding amount of
electricity will also be generated. To enable there to
pe variation in electricity production within such a
unit, whilst at the same time providing the desired
degree of heating, one or more thermal stores may be
provided in association with the unit. Additionally, a
resistive load may be provided so that excess
electricity may be used to heat water for the thermal
store. The CHP unit is therefore capable of
accommodating variations in electricity and heat demand.

However, it may not always be technically possible
to produce sufficient heat or electricity from the CHP
unit alone, or it may be uneconomic to do so for various

reasons. Consequently, the CHP unit is able to import
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electricity from the hub 13. In addition, a conventional
gas boiler may additionally be provided to provide an

~additional or alternative source of  heat. Thus,

electricity may be generated locally or imported and
heat may be produced from the CHP system itself or from
the gas boiler. If desired, other sources of
electricity, such as fuel cells or solar panels may be
connected to the unit.

Furthermore, as noted above, electricity may be
exported from the unit to the hub. This may be done
either because there is an excess of electricity being
generated Dbecause of the amount of heat production
required, or for economic reasons. Indeed, it is the
intention of ‘the design of this embodiment that
significant amounts of power are exported from at least
some of the various units to the hub and when
appropriate from the hub to the medium voltage network
from where it may be directly or indirectly supplied to
other hubs.

It will be appreciated that each individual unit
has a number of options as to how to provide heat and
electricity and furthermore has the option of producing
electricity for export. 1In addition, the amount of
electricity produced by large-scale producers such as
power station 2 may also be varied, although it is usual
practice to maintain production from wind turbines 5
whenever possible.

As discussed above, the purpose of the invention is
to enable electricity consumption and generation to be
balanced whilst at the same time enabling electricity to
be generated in the most cost-effective manner. This is
achieved by enabling communication between each unit and
its hub. If electricity can be imported into the hub
more cost-effectively than it can be generated locally,
then importation is facilitated.

This objective is achieved by creating a market
within the hub 13. The hub establishes a price at which
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it will buy electricity from the individual units or
from the medium voltage network and a price at which it
will sell it Dback to them. The price differential
between the two prices (spread) allows for transmission
losses, system operating costs and operating profit. It
is important to note that the hub communicates with the
medium voltage network as i1f 1t were simply another
unit. The buy and sell prices are transmitted via data
cables 15a etc. to the units 12a, 12b, etc. and the
medium voltage network 20.

Fach individual unit also determines a buy price
and sell price. When a unit has a buy price which 1is
higher than the sell price broadcast from the hub then
it will import electricity. When it has a sell price
that is higher than the buy price of the hub then it
will export electricity. The same relationship applies
between the hub and the medium voltage network. If
neither condition applies the unit generates its own
power only. Thus, there will be a range of prices at
which the unit will produce electricity for its own
consumption. Likewise, there will be a range of prices
where the hub does not import or export electricity
from/to the medium voltage network. These ranges also
provide stability to the system.

The prices are communicated to the hub wvia data
cables 15a eté, together with the amount of power
required or offered. This enables the system to operate
with greater stability because the hub is provided with
information about potential suppliers of power as well
as the current suppliers. This means that the hub can
operate as a stable feed-forward system rather than a
basic feedback systemn.

The prices set by the hub vary automatically and
dynamically. If there 1is an increase in demand for
electricity from the hub that exceeds the supply to it
then the buy and sell prices will Dboth increase until

the balance is re-established. It will be appreciated
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that increasing the sell price will reduce the number of
units that will seek to import electricity because some
or all of them will determine that it is more cost-
effective to generate their own power. At the same time,
the increase in the buy price will result in more units
determining that it is desirable to export electricity
to the hub. As well as simply starting and stopping the
import and export of electricity, the units may vary the
amount of power transmitted in either direction for the
Same reasons.

Thus, power generation is balanced with demand in a
cost-effective manner by virtue of continuous real-time
communication between each unit and the hub. The hub
continuously monitors the demand and supply of
electricity to and from 1t together with prices
transmitted to it from the individual units and the
medium voltage network. It dynamically adjusts prices
that are broadcast to the units and the medium voltage
network until balance is achieved.

Across the entire grid network each subsection acts
in the same way as the hub previously described. Thus,
each medium voltage network 20 (of which there may be
many) acts as a single unit communicating with the hub
formed by the 60 kilovolts grid. No data concerning
individual units is transmitted beyond the local hub.
Instead, each hub transmits a single set of data
containing the above-mentioned price information to the
larger-scale hub with which it communicates and in turn
receives corresponding information from that larger-
scale hub.

This principle is applied across the grid both
horizontally (i.e. to all units connected to a given
level in the distribution chain) and vertically up to a
hub formed by the 400 kilovolts network.

The fact that some units can only generate power,
for example power station 2 and some can only consume

it, for example unit 12a, does not require any
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modification to the system. These units simply offer to
buy or sell zero capacity.

Having described the overall operation of the
distribution system, we now turn to the operation of an
individual combined heat and power unit, such as unit
12b, connected to the system.

The main CHP device 1is an internal combustion
engine driven generator, the coolant from which 1is
circulated through a heat exchanger. This heats water
that is in turn fed to the heating system and also to a
heat storage unit. The generator is fuelled by natural
gas and there is also a natural gas burning boiler that
may supply hot water. The CHP unit 1is described in more
detail with reference to Figure 3.

The CHP device 30 comprises an internal combustion
engine driving an a/c generator. This is contained
within a soundproofed housing. Coolant circulates around
the engine in a conventional manner before passing out
of the housing and being fed to a heat exchanger 31. The
heat exchanger is used to heat water that is fed to the
central heating manifold 32. In addition, gas fuelled
boiler 33 also supplies hot water to the central heating
manifold 32.

A heat storage tank 34 1is also connected to the
central heating manifold. When more heat 1s Dbeing
produced than is required at a given time it can be
stored by increasing the temperature of water contained
in this tank. Further flexibility can be added to the
system by the addition of a heat pump or a condensing
boiler at 35.

Electricity produced from the CHP device 30 can be
supplied directly to the local load 37 via production
meter 38 and consumption meter 39. The local load may
include a heat pump to convert excess electricity
production into heat that may be stored. In addition,
there is a connection via the production meter and
utility meter 40 to cable 41 leading to the hub. This
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enables electricity to be exported from the unit to the
hub. Cable 41 is also connected via utility meter 40 and
consumption meter 39 to enable imported electricity to
be fed to the local load 37.

As discussed above, heat can Dbe selectively
produced as desired from the CHP device 30 or from the
boiler 33. Additionally, heat can be recovered from heat
storage tank 34. Electricity can be generated by the CHP
unit (and optionally exported) or 1t can be imported
from the hub.

connected to each of the components just described
is the system management unit 36. This serves to
determine what method of generation is to be used,
whether power is to the imported or exported etc. It
also controls a number of more specific operations of
the system that are not relevant to the explanation of
the present invention.

Tt is the function of the system management unit 36
to determine what mode of operation is appropriate,
based upon technical and economic considerations. If
there is a higher demand for electricity than can be
provided by the CHP units alone then at least some power
must be imported. However, in almost any other condition
they will be a number of alternatives from which the
unit can choose.

The system management unit 36 comprises a computer
arranged to calculate what is the most cost-effective
manner of heat or electricity production in a given set
of circumstances and to determine buy and sell prices
accordingly. It also has a data input/output port 42
which provides input data such as the current gas price
and price data from the hub and enables the unit to
transmit buy and sell prices to the hub.

In order to determine whether electricity should be
imported or exported, the unit determines the current
cost of production. This depends not only on the fuel
price, but also on the heat output from the CHP unit
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because the efficiency of the generating system varies
with load and because the wvalue of the heat produced
must be factored-in to the calculation. An hourly
running cost based upon maintenance costs, etc. can also
be factored-in.

The electricity production cost is then compared to
the buy and sell prices available from the hub. If the
production cost is higher than the sell price then the
system management unit 36 will transmit data along link
42 to the hub requesting the desired amount of
electricity at that sell price. On the other hand, if
the electricity production price is lower than the buy
price offered, the system management unit 36 will cause
additional power to be generated, up to the maximum
capacity of the system, and export this to the hub.

As discussed above, the hub continuously monitors
the balance of electricity import and export from/to the
hub and if necessary adjusts prices in real time. The
system management unit 36 therefore continually monitors
these prices and continuously updates the above
calculations and changes the operation of the system as
necessary 1in response to this.

Each of the other electricity production units
performs similar calculations and so it will be seen
that at the hup level electricity 1s produced in the
most efficient, i.e. cost-effective, manner. Since this
approach is followed horizontally and vertically across
the entire distribution network it will be seen that the
entire system generates electricity cost-effectively.
Although these calculations are carried out throughout
system down to the lowest level there 1is no central
control of the network. It is necessary only for each
unit to communicate with its 1local hub and so on
throughout the system.

Examples of the type of calculations made by system
management unit 36 will now be described based upon a
CHP unit fueled by diesel.
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The idle fuel consumption in kW (Tf), indicated
efficiency base (BI) and factor indic. (FI) are known
constants.

The immediate electricity output (Pe) is first used
to calculate the corresponding indicated efficiency
(IV):

(IV) = (BI) - (Pe) x (FI)

Immediate fuel consumption in kW (IE) is then

calculated:
(IE) = (Tf) + (Pe/IV)
For a .typical CHP unit, (TEf)=10kW, (BI)=0.565,
(FI)=0.0078, (Pe)=12kW
(IV)=0.565~-(12x0.0078)=0.4714
(IE)=10+(12/0.4714)=35.45kW (or 3.55 1/h)
Heat output is derived from fuel consumption and
electrical output using the following constants: heat
efficiency idle (VT), factor heat (FV) and loss (Ta).
The values of these for the same apparatus are 0.75, 1.2
and 0.5 respectively.
Heat output (Qv) is then found from:
(Qv) = (VT) x (IE) - {(Pe)x(IV)x(FV)} - (Ta)
So in the example:

(Qv) = 0.75x33.45-(12x0.4714x1.2)-0.5=19.3kW

Thus, fuel consumption and heat output are turned
into simple functions of electrical output. Figure 4
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shows a plot of this for the CHP unit of the example.
Line A is fuel consumption and line B is heat output.

The same process can be applied to a natural gas
fueled CHP unit and Figure 5 shows a corresponding plot
for such a unit.

If it is desired to change the way the wunits
operate, this can be achieved simply. For example, if
nitrous oxide emissions have to be reduced (at the
expense of efficiency) then new values of (BI) and (FI)
would be used to take into account changes such as the
inevitable increase in heat output.

Cost per hour is then calculated by applying the
fuel price (in cents per kWh) and a maintenance cost
based on a cost in cents per hour of operation plus a
component in cents per kWh of electricity produced.

Thus, for the diesel example, ,

Fuel cost = 3 cents/kWh x IE

Maintenance = 25 ¢/h + 0.5 c/kWHel x (PE)

The net cost will be calculated by subtracting from
the cost of heat production the value of electricity

produced, based on a value (purchase price) of 10c/kWh:
Value of electricity = 10c x (Pe)

The total cost per hour including the value of the

electricity produced is found by:

Total Cost/h = 3c¢/kWh x (IE) + 25c + 0.5c/kWh
x (Pe) - (10c x (PE))

The system is connected to an electrical network
and so it operates under conditions where electricity
can be produced if desired, but heat consumption must be
covered. The total cost per hour may be divided by heat
production to establish a unit price for CHP heat that
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is comparable to heat prices from alternative sources

and which forms an expression of total system economy:

Heating price = (Total Cost/h) / (Qv)

This price is used in the control of the system. Based
on this, the unit sets its buy and sell prices to ensure
that electricity is only imported either when sufficient
cannot be generated by the unit or when it is cost
effective to do so. In the former case, the buy price
must be raised to the sell price set by the hub. In the
latter case whether electricity is imported depends on
the hub’s selling price. Similar considerations apply

when determining whether to export electricity.
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Claims

1. A local electricity distribution network comprising
a local transmission hub and plurality of units arranged
to selectively import and export electricity from and to
the hub, the hub in turn being arranged to selectively
import and export electricity from and to an external
grid, wherein each unit is arranged to determine whether
to import or export electricity to or from the hub based
upon data communicated between it and the hub and the
hub determines whether to import or export electricity
from or to the external grid Dbased upon data

communicated between it and the extermnal grid.

2. A local electricity distribution network as claimed
in claim 1, wherein the hub is one of a plurality of
hubs connected to the grid so that the grid itself acts
as a hub.

3. A local electricity distribution network as claimed
in claim 2, wherein the external grid is one of a
plurality of such grids that are connected in turn to a
still further hub such that data may be communicated
between each such grid and the further hub so that the
further hub may determine whether to import or export

electricity from or to each grid.

4. An electrical distribution network comprising a
plurality of different power distribution sub-networks,
ecach sub-network comprising a hub and a plurality of
sources of electricity supply and/or demand in
electrical and data connection thereto, the sources
including the hubs of other sub-networks, the network
being balanced by controlling the flow of electricity to
and from each hub based upon data transmitted only
between the hubs and the sources connected thereto.
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5. An electricity distribution network as claimed in
any preceding claim, wherein a transmission cable and a
separate data cable are provided between each unit and
its hub.

6. An electricity distribution network as claimed in
any preceding claim, wherein the hub is arranged to
determine buy and sell prices and said prices are

transmitted to the units connected thereto.

7. An electricity distribution network as claimed in
any preceding claim, wherein the units automatically
determine the cost of production and determine whether

it is favourable to buy or sell electricity.

8. An electricity distribution network as claimed in
claim 7, wherein the units transmit cost information to
the hub.

9. An electricity distribution network as claimed in
claim 8, wherein the hub uses saild cost information to

assist in controlling the network.

10. An electricity distribution network as claimed in
any preceding claim wherein the units comprise combined

heat and power units.

11. A 1local electricity distribution system comprising
a hub connected to units that produce and/or consume
electricity, the hub forming a market with the units
whereby the hub repeatedly determines a buy price and a
sell price for electricity, the prices being determined
so as to balance the systemq the units automatically
determining on the basis of those prices whether to
export electricity to the hub or to import it from the
hub.
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12. A method of supplying electricity and/or balancing

an electrical distribution network comprising the use of
a system or apparatus as claimed in any preceding claim.
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