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Title

- Thermal storage device
Field
The present application relates to thermal storage devices and in particular
to thermal storage devices configured to decouple the heat provided to the
storage device from the output heat required from the storage device. Within the
context of the present teaching the term thermal storage device includes but is
not limited to the type of devices known as storage heaters and liquid cylinders.

Background

Thermal storage devices such as storége heaters are well known as a
source of electric heating. Traditionally they have operated under the principle
that energy can be provided to the heater during specific periods of the day, and
that supplied energy can be released from the heater during different time
periods. As shown in the example of Figure 1, the heaters comprise a heat
store 120 in the form of bricks or other materials such as ceramic which is
located within a housing 100 of the storage heater. The heatable material 120 is
then heated using an electric element 110 so as to increase the temperature of
the heatable material. This stored heat is then released continuously through a
process of both thermal radiation and convection and conduction. The speed of
heat transfer may be increased through use of a damper and/or in conjunction
with mechanical fans. The heater is designed to release heat and typically has
no more than 20% heat retention. It will be appreciated that industry standards

define a storage heater as having such a heat retention rate.

Traditionally the use of storage heaters is prevalent in areas where the
electricity network operator provides a two-tariff electricity meter. This allows the
heating of- the storage heater to be effected during periods of low cost
electricity- such as during the night when the overall load on the network is less
than peak times. The heating of the storage heater during this off peak period

has to be sufficient to allow the heater to provide continuous heating to the area
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within which it is located during the intervals between heating. Typically these
intervals can be as much as 12 hours. In a typical known mode of operation the
heat output from the storage heater adopts a curve such as that shown in
Figure 2, which does not match the user demand for heat. As the heat is output
from the storage heater in a continuous process, it has one peak output- shown
in the example of Figure 2 as occurring about 0900 in the morning. After that, its
capacity to provide heat reduces with the result that when the user requires
additional heat later in the day, the heater does not have the capacity to provide
thét heat.

To compensate for this discrepancy many heater manufacturers provide
additional capacity for storing heat in their heaters. In this way the output of the
storage heater is designed to be greater than that actually required. This is
typically achieved by heating the storage materials to temperatures of the order
of 700°C. While this provides additional heating capacity later in the evening,
there is also continued wastage of heat during the non-use périods. This can

also result in excessive heating of the room and a waste of heat.

It will be understood that fhere is a direct relationship between the energy
input and the heat output of a conventional static storage heater which means
the user has very limited control of heat output, typically no more than 15% of
the total heat output. This makes the heater relatively unresponsive to changing

weather conditions and user needs.

Many of these problems are discussed in GB2384300 .This patent
describes how operation of a traditional storage heater may be supplemented
by a secondary heat source such as a radiant element which can be utilised to

supplement the output of the main heat source- the storage material.

In the context of water cylinders, these are typically used as a source of

domestic hot water. The dimensions of the water cylinder are selected so as to
2
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provide an adequate volume of hot water to a user within a prescribed time
period- typically a 24 hour window. The energy used to heat the water within
these known cylinders comes from a variety of sources including electrical, gas
or oil powered boilers. Itis also knowh to provide such cylinders with a primary
source of energy and then use a secondary source for specific actions such as
a top-up or where the primary source fails or is deactivated. Again the heat
provided to this cylinder is directly coupled to the heat output expected from the

cylinder.

Summary

The present inventor has realised that there are certain situations where it
is advantageous to de-couple the energy provided to thermal storage devices
from the expected heat output required from these devices. In this way the
thermal storage device may be used to absorb additional energy capacity
available within a network during periods of excess availability. The energy
stored by these devices thereby serves a dual purpose, its primary purpose of
providing the desired heat- be that space heating or heating of domestic hot
water and a secondary purpose of allowing a remote operator to tune the

capacity of the network to the loads within the network.

Accordingly there is provided within the context of the present teaching a
thermal storage device which decouples the energy provided to the storage

device from the required heat expected from the device.

In the context of a storage heater, the present teaching provides a heater
which is configured to primarily retain heat as opposed to leak the heat. In this
way heat retention of the order of 60% may be provided. By configuring the
heater to primarily retain heat, the release of that retained heat may be
controlled to a greater degree than traditionally possible which allows the output

of the heater to more closely match the usage requirements of a heater.
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In the context of a hot liquid cylinder, the present teaching allows a use of

that cylinder as a thermal storage device.

Accordingly a device, a controller, a heater and a cylinder as detailed in
the independent claims are provided. Advantageous features are provided in

the dependent claims.

These and other features will be better understood with reference to the

following drawings.

Brief Description Of The Drawings

The present application will now be described with reference to the
accompanying drawings in which:

Figure 1 is a schematic showing a known storage heater

Figure 2 is graph outlining the heat output of a conventional storage heater
verses the desired heating of the room within which the heater is located.

Figure 3 is a graph, similar to that of Figure 2 showing how the output of a
storage heater in accordance with the present teaching more closely matches
the desired heating.

Figure 4 shows an example of a storage heater in accordance with the
present teaching which includes a fan configured to actively distribute the heat
from the storage heater into the room within which the heater is located

Figure 5 shows in detail specific components of the storage heater of
Figure 4,

Figure 6A is an example of a hot liquid cylinder provided in accordance
with the present teaching.

Figure 6b is another example of a hot liquid cylinder incorporating a control
panel with a display of operating parameters of the cylinder.

Figure 7 shows an example of a network architecture employing a plurality
of thermal storage devices in accordance with an aspect of the present

teaching.

4
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Detailed Description Of The Drawings

Within the context of thermal storage devices, an exemplary storage
heater in accordance with the present teaching will now be described with
reference to Figures 4 and 5. A storage heater in accordance with the principles
of the present teaching is configured to primarily store heat as opposed to leak
that heat. In addition to the conventional components of a storage heater: a
housing 300 within which is located a heatable material 310 which is heated by
one or more electrical elements 320. A large volume of insulation 330 is
provided about the heatable material so as to reduce the amount of |
uncontrolled heat that is lost by the heater. The insulation is desirably located
around all vertical surfaces of the heatable material 310 and provides a high
level of insulation around the sides of the heatable material. In addition a layer
of insulation may be provided on the upper and lower surfaces of the heatable
material. In this way the heatable material may be insulated on all six surj‘aces
of the heatable material, albeit the level of insulation may not be the same for all
surfaces. Typically the insulation will have a U value of the order of no more
than 1.0 W/m?K for all surfaces except the base surface which will have a U

value not exceeding 1.5 W/m?K. Conventional heaters would typically have U

values of 1.5-2.0 for the sides and greater than five for the base surface. In

addition to using insulation to reduce primarily the conductive heat loss element
of the heater, also other principles such as reflection could be used to reduce
radiant heat components and an avoidance of gaps to reduce convection losses

especially around the heated core.

An example of a suitable material for use in provision of such high
insulation is a micropore insulation panel such as sold under the
MICROTHERM™ brand. The insulation is desirably such that no more than
50%of the heat input into the heater within a 7 hour charge period will be lost

after a 17 hour non-charge and non-use period. Comparable' values for existing

5
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heaters are of the order of 35-40% retention so it will be appreciated that this
additional storage is highly advantageous in the controlled release of heat from

a heater in accordance with the present teaching.

In addition to providing increased levels of insulation, a storage heater in
accordance with the present teaching is configured to operate at much lower
maximum heat storage temperatures than traditional heaters. As was discussed

above in the Background portion, it is normal practice in storage heaters to have

the maximum rated storagé capacity at a maximum core temperature in the

region of 650 to 700°C. This is because these heaters are designed to achieve
the highest storage capacity within a given volume and a given storage capacity
is directly proportional to the temperature swing of the heatable material. In
accordance with the present teaching the heatable material or core of the
heater is configured to have its maximum rated storage capacity at a much
lower temperature than conventional storage heaters. Typical values are in the
range 550 to 580°C. The output of the heater is comparable with that of
conventional heaters but this output is achieved by using a larger volume of
core heatable material than traditionally used. In this way the volume of core
heatable material has been increased to enable the maximum storage capacity
to be achieved at a lower temperature swing. This has the advantages of
reducing the rate of heat transfer through the insulation at a given storage
capacity and provides the ability to safely increase the available storage

capacity when required.

While the storage heaters of the present teaching are nominally heated to
a temperature that is much lower than a conventional heater they do have the
capacity to absorb additional heat- upto temperatures typically found in the
conventional heater. This additional capacity can be utilised during periods
when the network operator has a requirement to spill additional energy from the
network and requires a device or devices to take up that additional capacity.

Storage heaters represent an ideal device to take up the additional capacity
6
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within the network as they can be instantaneously activated. This activation is
achieved through use of a dynamic powering of the heater, effected through a

controller which interfaces the storage heater to the network operator.

The controller is configured to dynamically modify the heat take up and
output of the storage heater. As was discussed above, a heater in accordance
with the present teaching is configured to have a maximum core temperature of
about 580°C (termed “normal” core temperatufe) which is calculated on the
basis of having sufficient capacity to provide sufficient heating for a winter day
for 8 hours. This may be termed a first operating temperature of the heatable
material or core of the heater. In contrast to the teaching of the prior art, the
present inventor has determined that the charging of a storage heater should be
related to the actual usage of the heater. In this way the controller monitors one
or more of: historical data, rate of heat loss of the room, thermal characteristics
of the room and actual operating usage of the device to determine the future
powering requirements of the heater. It will be understood that actual operating
usage may be determined through an adaptive or learning algorithm which
reflects a user use of the device. The characteristics provide a dynamic core
temperature device to‘provide optimum energy storage and minimise the
maximum operating core temperature. This minimises static losses during non
heating periods and the overall energy consumption. Where prior art heaters
provided a heating of the storage heater to the maximum rating of the heatable
material, the present teaching varies the temperature to which the heatable
material is heated dependent on the usage and additional data. By reducing the
“normal” temperature from the maximum heating rating of the heatable material
to the first operating temperature, a storage heater in accordance with the
present teaching is provided with the flexibility to increase the core temperature
to a second operating temperature of the heater which is greater than the first
operating temperature should actual usage of a device prove that that “normal”

is not sufficient for the use of the device.

7
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The controller is configured to allow a user to select a desired temperature
within a prescribed time for the room in which the device is being used. The
device will provide an output based on those selected parameters. By
monitoring how the device has coped with the actual usage, the device may
dynamically modify its powering requirements to ensure this usage pattern is
facilitated. A controller provided in accordance with the present teaching may
also vary the control algorithm utilised in accordance with available network
tariff plans or regimes. In this way a first tariff plan may trigger use of a first

algorithm and a second regime usage of a second algorithm.

It will be appreciated that in order to be able to increase the storage
capacity beyond the rated capacity the elements have to be “.over rated”. For
example, a heater with a rated storage capacity of 17 kWh running on a 7 hour
off peak tariff requires 3 elements at 0.8 kW each. Based on a desired ability to

increase the storage capacity by increasing the core temperature we then need:
17 kWh @ 580 degC core = 20.5 kWh @ 680 degC core
which requires 3 elements at 0.98 kWh

It will be understood therefore that the electrical heating elements that are
used for a storage heater in accordance with the present teaching are therefore
over rated for the normal core temperature operation. Therefore while a
traditional storage heater would maximise the length of the window that is used
to effect a charging of the storage heater- typically a 7 hour charging window- a
heater in accordance with the present teaching can provide heating to a “normal
core temperature” of 580°C in a reduced time period. For example having “over
rated” the elements, it is possible within the context of the present teaching to
achieve a normal core temperature of 580°C from cold in 5.8 hours instead of 7

hours.
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By overrating the heating elements which reduces the time required.to
achieve the normal core temperature operation, it is also possible in accordance
with the present teaching to provide an improved back charging regime. Back
charging relates to pfoviding power at specific times. For example as was
discussed above, in order to provide thé necessary heat output the following
day typical storage heaters require a 7 hour powering window. Many network
operators require powering at specific times for example during the last hour of
the powering window. Back charging is a concept where a subset of the
powering window is determined and that subset is then shifted toward the end
of the powering window to ensure that the time period between the provision of
charge and the leakage is minimised. In accordance with the present teaching
the controller is configured to determine how much power needs to be provided
to shift the core temperature to the required core temperature and that defines a
power window. The power window can then be subdivided into individual
sections which are then available for the network operator to provide power as
required. This calculation of a power window is a dynamic feature which will be

constantly updated as power is provided.

The calculation of a power window may also interface with a pre-stored
value or table of a plurality of back-charging algorithms provided within the
storage heater. In this way a network operator may select an appropriate
algorithm for that specific device- either by a setting provided at install or by

providing a remote signal.

It will be appreciated that the foregoing is one example of how to vary the
power provided to the storage device. In another configuration which may or
may not be used in conjunction with the back-charging is to provide a variable
power input to the storage heater. This may then be used to adjust the input
power to match the heating requirement and the charging window. An example
of how this may be achieved is through use or 2 or more independently

controlled elements which may be used in conjunction with a switching regime
9
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whereby individual ones may be activated in preference to others. A look up

table or the like could be used to dictate the switching regime adopted.

Using the example above to achieve maximum energy efficiency we want
the core to reach its maximum target temperature within the last hour of the
available charge period it will therefore be necessary to delay the start of
charging if less than 20.5 kWh of storage capacity is required. The length of
delay will be proportional to the reduction in storage capacity which will be

dynamically calculated by the controller.

Figure 5 shows in more detail a fan arrangement 500 which may be
provided with a storage heater in accordance with the present teaching. Such a

fan was visible in the schematic of Figure 4 but is shown in more detail in Figure

5. The fan arrangement comprises a fan 510 which is coupled to a controller

502 which can be used to selectively operate the fan 510. This may be used in
response to a user input and/or during periods when the heater is required to
provide additional heat. The fan provides for an active distribution of the heat
out of and away from the heater. The fan may be used in combination with a
mixing flap 511 whose movement can be used to vary the volume of hot or cold
air that is combined and distributed out of the heater. In accordance with the
present teaching a closed loop system is provided whereby the fan and mixing
flap cooperate with one another independently of the core temperature. - It will
be appreciated that the position of the flap may modify the volume of cold air
that is mixed with hot air from the core. It will also be understood that the speed
of the fan may affect the volume of air that is distributed out of the heater. In
accordance with the present teaching a temperature sensor is provided and its
output is coupled to the controller. Dependent on the temperature sensed and
the required temperature output of the heater, the controller may be configured
to vary one or both of the fan speed abnd mixing flap position to vary the heat
output from the heater. This dynamic closed loop arrangement decouples the

heat output from the heater from the actual core temperature of the device.
10
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Another advantage of a heater in accordance with the present teaching is
that by providing a set temperature at which the device is typically' powered to
operate at which is less than conventional temperatures, a level of additional
capacity is available should the hetwork operator need to shed additional

power. In this way the storage heater controller may be configured to adjust a

preset set-point of the storage heater thereby allowing the storage heater to

operate outside the limits of the preset set-point. This is particularly
advantageous where the network operator is operating using energy sources
whose timing of supply varies- such as renewable resources based on wind or
wave energy. By having additional capacity it is possible to trigger, through a
remote signal or the like, the controller to effect a charging of the storage heater
beyond the normal core temperature. In combination with the dynamic heating
of the storage device, if that additional heat is not used the following day, then
during the next charge period the controlier may reduce the charge as there is
less energy required to bring the heatable material back to the normal core

temperature.

A storage heater in accordance with the present teaching provides a
number of advantages over conventional storage heaters. By incorporating a
controller which facilitates the dynamic charging of the heater it is possible to
tune the energy input to the heater dependent on the actual usage and forecast
usage of the heater. In contrast to conventional heaters where the heaters are
configured to always heat to the maximum rated temperature of the heatable
material, the present teaching provides a normal core temperature that is less
than the rated temperature. The controller of the heater then provides for a
heating of the storage heater to that normal core temperature. The actual value
of that normal core temperature may be dynamically modified based on one or
more of a variety of parameters including usage patterns of the heater or

forecast conditions.

11
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While the heatable material is typically heated to a lower temperature than
its rated temperature, the electrical elements that provide that heating are rated
to allow a heating to the maximum temperature. In this way heating to the
normal core temperature ié achievable in a reduced time window to that
available. In this way the controller can dynamically modify the time period
within the network operator designated window within which power is taken by

the heater. In this way an improved back charging regime is achieved.

The controller may also be configured to monitor the actual usage of the
heater and its capacity to provide sufficient heat to adequately heat the room
within which it is located. In one configuration the controller is configured to
learn the thermal characteristics of the room through for example a sensing of
the temperature of the room and its variance during periods of the day and/or its
reaction to heat being provided to the room. In accordance with the present
teaching, the controller may provide a thermal characteristic based on a
computation of a rate of rise or fall of temperature with respect to time. In this
way the controller provides a much more accurate assessment of the actual
thermal characteristic of the room and can modify the heat output of the thermal
storage device accordingly. The use of rate of change information provides a
more accurate characterisation of the room than prior art techniques that
utilised external temperature sensors and/or room sensors which provide an
absolute temperature value in determination of the charge requirements for the

heater.

Features and advantages of the present teaching have heretofore been
described with reference to an exemplary thermal storage device, a storage
heater. While certain benefits are specific to such a storage heater, it will be
appreciated that other aspects can be advantageously employed with other
types of thermal storage devices- such as for example a hot water cylinder. For
example, a hot water cylinder in accordance with the present teaching may

include two or more independently switchable electrical heating elements
12
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whose actuation can be tailored to the demand- be that the current capacity of
the cylinder to provide sufficient domestic hot water and/or needs of the network

to shed energy to thermal storage devices that are coupled to the network.

Within this context of thermal storage devices that are provided with
dynamic response characteristics, the present teaching provides an improved
controller which is used to selectively activate the thermal storage devices- or
components thereof. In one aspect, the controller may determine the amount of
heat that needs to be stored in order to meet the usage requirements of the
device to which it is coupled. This may be achieved through historical
monitoring of the energy required to meet the desired operating temperature of
the room. It may, as part of this analysis, segment the historical period into
periods of use and non-use. In this way a more accurate determination of the
response of the device to meet the load requirements during the periods of use
is achieved. This may be done over a limited time window- for example the
preceding three days. It may also utilise forecast data based on the expected
conditions within which the device will be operating. This could be used in
combination with the thermal characteristic of the room information that is

determined as discussed in previous passages.

In certain configurations the controller is co-located with the thermal

storage device which it is controlling.

The controller may be configured to read data from one or more of the
thermal storage device and its operating location and can determine the
required energy needed to adequately charge the device to meet the required
usage of the device. This required energy can be considered representative of
what is needed to charge the device to the first operating temvperature of the
device. In accordance with the present teaching, the device may also have a
capacity to be heated above that operating temperature- up to a second

operating temperature of the device. The controller in the context of the present
13
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teaching can be provided in communication with a remote operator- such as a
network operator or an energy aggregator to provide that remote operator with
an indication of the capacity of the storage device to absorb additional energy.
In response to receiving that signal, the remote operator is provided with
information as to where energy may be delivered in a future period and the

amount of energy that could be provided in that period.

As an example of how the thermal storage device may be other types of
thermal storage devices- other than storage heaters, Figure 6a shows an
example of a hot liquid cylinder 610 that is coupled to a controller 615 in
accordance with the present teaching. The controller could be physically co-
located with the cylinder or could be in communication with the controller. The
cylinder could be of any form that uses a heating element for the heating of the
liguid within a cylinder such as for example those based on

- Vented and unvented systems
- Direct cylinders
- Indirect cylinders

- Thermal stores

It will be appreciated that the dimensions or volume, V, 620 of the cylinder
may vary from for example 50 litres upto 300 litres or more. In this example, the
total volume V has 5 constituents V1 to V5. The cylinder also comprises flow
630 and return 640 tappings that allow the cylinder to provide at least one of
domestic hot water and/or domestic heating. In the schematic only one set of
flow and return tappings are provided and it will be appreciated that dependent
on the actual intended use of the cylinder that additional flow and return

tappings may be required.

In the absence of the controller, such a cylinder which is used as a
reservoir for hot water for one or more of domestic hot water or domestic

heating will be known to those in the art. Such cylinders may also employ one
14
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or more internal coil loops within the volume 620 of the vessel. These allow a

heating of the liquid within those loops while maintaining each of the loops as a

closed circuit relative to the other loops. The heating element used for a heating
of the liquid may include an electrical heating element which is coupled to the
controller 61‘5. This may be immersed within the volume of liquid within the
cylinder. Another example of an electrical heating arrangement would be a heat
pump, whose operation would provide a flow and return of liquid into the
cylinder to effect a heating of the liquid within the cylinder. The cylinder could

also be coupled to a gas or oil fuelled boiler.

While not shown in Figure 6a, a cylinder in accordance with the present
teaching may also equally employ such additional loop circuits- each associated
with a dedicated flow and return tapping accessible on the outside of the

cylinder.

Traditionally the liquid within these cylinders is water. The present teaching
also provides for the liquid within the cylinder to be a liquid other than water. It
will be appreciated that when used as a thermal store, the capacity of the
cylinder to store energy is dependent on the heat capacity of the quuid used and
the maximum temperature that liquid can be heated to. In accordance with one
aspect of the present teaching, a hot liquid cylinder comprising oil is provided.
The use of oil as opposed to water allows a heating of the liquid to a higher
temperature which allows for the same volume cylinder to store more energy

than one holding water.

In this way, while it is well understood that water is an useful medium
within which to store energy, other liquids such as oil, could also be used within
the context of the present teaching. For the following discussion, water will be

mentioned as an exemplary liquid to be used.

15
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Table 1 below shows an example for differing properties of a typical

cylinder.

Storage capacity @ 65C water — heat loss over 24h
- 1001 : 6.1kWh 0.9kWh
- 1251 7.6kWh 1.0kWh
- 1501 : 9.2kWh 1.1kWh
- 1751 10.7kWh 1.3kWh
- 210l: 12.8kWh 1.4kWh
- 2501 : 15.3kWh 1.7kWh
- 3001 : 18.3kWh 1.9kWh

Table 1

The controller 615 desirably offers much of the same functionality as the
heretofore described controller for the storage heater. For example the user ban
set the desired water temperature for the tank and could define expected
desired usage of that water. For example the user could define that it is
expected that the cylinder provide sufficient volume of hot water for 2 showers

in the morning and 1 bath in the evening.

Rather than expect the user to define how many litres this will represent
the controller is desirably configured to translate the user use requirements to
actual volume of water required. This may be a simple computation of estimated
volumes of water for showers and baths to calculate the needed water volume.
in a preferred arrangement the controller may be configured to compute actual
usage at specific time periods to determine how much hot water is used and
can therefore dynamically adjust the minimum required water volume. The
present teaching provides a determination of how much water is left within a
specific cylinder subsequent to taking water from the cylinder. Where the liquid

within the cylinder is not the liquid used for the domestic hot water, i.e. the liquid
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in the cylinder is used tQ heat water which is then provided as domestic hot
water, the present teaching provides a determination of how much energy is
stored by the liquid within the cylinder to allow for a heating of water for an

expected desired usage.

In an exemplary configuration the controller will typically interface with two
or more temperature measurement devices T1 to T4 which are spatially
separated within the cylinder to provide an indication of the temperature of the
water or the other liquid within the cylinder at two or different locations. The
specific example of Figure 6 shows four temperature measurement devices T1,
T2, T3, and T4 and these are spatially distributed to measure the temperature
in the tank or cylinder at 4 positions along the vertical height of the tank. Within
this exemplary cylinder and the present teaching is not to be limited to the
features of the exemplary cylinder or the following equations, three immersion
elements are provided and again are located at different positions within the
cylinder. The temperature T5 is a virtual temperature based on the T4 and the

cylinder properties.

The total rated power of the cylinder will be that power when all three
elements are switched on and using the following table which details exemplary

individual ratings of three elements:

Element 1 1500W
Element 2 750W
Element 3 375W

the total rated power of the cylinder will be 2,625 W. These elements may be

individually switched using for example a TRIAC.

In order to determine the instantaneous power I_P of the cylinder the following

equation may be used:
17
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p= S1-1500W + 852 -750W + §3-325W

- 1009
2625W 0
Where
5
I P % Instantaneous power
Status of TRIAC 1, 1 or
S1 - 0
Status of TRIAC 2, 1 or
S2 - 0
Status of TRIAC 3, 1 or
S3 - 0

Using such a cylinder it is also possible to compute the total energy stored
now. The energy stored now Q_now is expressed as function of the overall
energy that can be stored in the cylinder in % and not as absolute value in Wh.

10  The following equations allow the calculation of the currently stored energy in

the domestic hot water cylinder.

n=4 i
1
Q_now = [Z Q-Vln — Il E sc -100%
n=1
Where:
Q_now % Current stored energy
Energy stored in any given sub volume of
Q_VIn-In+1 Wh cylinder .
Esc Wh Energy storage capacity
Q—Vl‘n__ln-f-l:(Vn_Vn+1)'r°Cp'( 2 ).36
15 : )
Where:
_ Energy stored in any given sub volume
Q_Vin-In+1 Wh of cylinder

18
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Vn
Vn+1
r

cp

tn
tn+1
1/3.6

m3

m3
kg/m3
kJ/kg/K
°C

°C
Wh/kJ/s

PCT/EP2013/056450

Heatable volume at position n
Heatable volume at position n+1
density of water 993 kg/m3

heat capacity of water 4.18 kJ/kg/K
Temperature at position n
Temperature at position n+1

unit conversion factor

Whereas T1 to T4 are actually measured values as computed using the
thermocouples, T5 is a calculated temperature based on T4. To calculate TS
the following applies:

IF
45°C<T4 <
60°C
THEN TS =
60°C
ELSE
T5 =
T4
END

The energy required for the next period will be based on a rolling 3 day

average of previous days. The period has not been defined but it is assumed

that the period is 24 hrs. It is therefore proposed to use the date/time signal

from the LIC to re-set the relevant values at 00:00 hours to commence the next

period. To be able to calculate Q_future, it is necessary to store Q_now at in

principle any arbitrary time of the day but at the same time every day. It is

suggested to set this time to 23:59 o'clock as this denotes the end of a day. On

a rolling basis, the last 4 days have to be stored (Q_now_d-n where 1 £ n <4).

In addition to considering Q_now, also the instantaneous power value |_P has

to be integrated over the agreed period, i.e. 24 hours, |I_P_24 (I_P_24_d-n

where 1 £ n < 3).
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n=3
Q_future = Z(Q_d —n)/3
n=1

Where:
Q_future

Q_d-n
N

Q_d-—_n

Where:

Q_d-n
n

Q_now_d-n

| P_24 d-n

Wh

Wh

Wh

Wh

Wh

Energy required in next period
Energy requirement of
previous period

Period counter

— Q;now_d-n +1_P —24_d-n — Q_now_d-(n-l)

Energy requirement of previous
period

Period counter

Energy stored now at repeated
time (23:59)

Integrated instantaneous power for
period

. =4
Q_now_d—n = Z QVI, — Iy

Where:
Q_now_d-n

Q_VIn-In+1

n
n=1

Wh

Wh

Energy stored now at repeated time
(23:59)

Energy stored in any given sub volume
of cylinder

For calculation of Q_VIn-In+1 see
above.
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23:59

IP244,= f S1-1500W +S2 - 750W + §3 - 325W
) 00:00
Where:
' Integrated instantaneous power
|_P_24 d-n Wh for period
S1 - Status of TRIAC 1,1 0r 0
S2 - Status of TRIAC 2, 1 or 0
S3 - Status of TRIAC 3, 1or 0

The user may be provided with one or more modes of operation of the
cylinder. For example in the context of a three mode operation the user may be

provided with the capacity to:

1. User sets max temp and minimum water required and power utility
can heat cylinder to max temp whenever they want, but they need

to provide minimum water volume when needed

2. User allows power utility to set max water temp and user sets

minimum water requirement. Otherwise as above

3. User doesn't allow power utility to intervene and sets time when

he want the tank charged.

Within this context the user will typically still retain the capacity to override and

switch on boost elements to increase the stored heat within the cylinder.

The cylinder and/or controller may include a display 625- shown in the
exemplary figurative representation, Figuré 6B as being located on the cylinder
to provide a display of how much hot water is in the tank with for example one

or more graphical indicators.
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In common with the controller for the storage heater, the controller for the hot
water cylinder will desirably include the capacity to communicate bi-directionally
with a power utility or some other power intermediary. This may include the
capacity to:

o Receive commands remotely sent from the power utility

o Report back storage volume left

o Report back forecast expected load on the device within a

prescribed future period.
o Operating status of cylinder, i.e. ON/OFF/AWAY

As part of this functionality the controller may be configured to calculate one
or more of:
o How much hot water is in the tank
o How much more energy can be stored in the tank until the max set
temp is reached
o How much hot water, energy and money was used over a
historical time period such as for example over the last week,

months, year

The controller will typically be configured to ensure that there is always enough
hot water is supplied- in a similar fashion to how the controller of the storage
heater device is configured to ensure there is sufficient heat to provide heat to
the room within a prescribed future period. This may be achieved through for
example electronic control of a boost element within the water volume which is

selectively activated on determination that there is enough hot water.

Figure 7 shows an example of how such devices could be used in the
context of demand response for stabilising the grid. Grid stability within an
electrical grid is a well-known problem and with the advent of alternative

sources of energy the management of supply and demand is becoming more
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problematic. It is known to provide incentives for load shedding in response to a
request from a demand response prbvider. In the example of Figure 6 a network
arrangement 600 comprises a plurality of utility providers 601, U1, U2, U3.which
are exemplary of electricity generators such as utility companies. These
companies could vary from each other in the nature of how they generate
electricity- for example using oil, gas, renewable resources such as wind or
wave, or nuclear power. Dependent on the nature of the local infrastructure
each of the utility providers may overlap in how they generate the power, but
differ in the price or conditions that they offer. They are common in that they are

net providers of electricity.

Also shown in the network are a plurality of power users 602, US1, US2,
US3. These are representative of net users of electricity and common examples
would include large industry, local authorities, hospitals and the like. Each of

these have a requirement for energy.

Within the context of matching the output of the utility providers 601 with
the users 602 it is known to provide aggregators 603, AG or grid controllers. An
aggregator matches the forecast availability of power with the forecast need for
that power and then resells the power generated to the user. It is known to
provide a high level of granularity on this matching such that individual time
slots in a future period can be matched with both utility providers and users.
However, by definition electricity is difficult to store and has to be available on
demand. As a result, it is not possible, under normal operating conditions where
demand and supply vary enormously, to keep it in stock, ration it or have .

customers queue for it.

Where there is a mismatch there is a possibility of either the grid frequency
varying or the need to either add or remove generation or load. This can be -

difficult to achieve in a dynamic real time environment.
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In this context, the pricing offered within this time period may include
penalty clauses if the utility company cannot match its obligations. To address
this problem, the present teaching provides a plurality of load devices 604, L1,
L2, Ln, which are in communication with the aggregator 603. Each of these
devices are representative of the thermal storage devices heretofore described.
The individual devices may be configured to communicate with the aggregator.
In another configuration the information from a plurality of devices may be
pooled centrally into a single data module 605 which then acts as an

intermediary between the individual devices and the aggregator.

Such an arrangement differs from discussed event based software
architecture currently discussed whereby domestic users can, in resp'onse to
demand within the actual grid, reduce their use of power. In accordance with the
present teaching, the load devices provide information to the aggregator in
advance of the actual demand as to their expected usage and their capacity to
operate outside that requivred window to assist the aggregator balance the
needs of the network in a forecast. In addition, during the actual time period
when power is being generated and used, the aggregator can activate or

deactivate individual devices of the load devices to balance the demand.

In this way, using the information regarding future needs of the individual
thermal devices and the current ability of the devices to match those needs- as
was discussed above- the present teaching allows the load devices 604, 605 to
communicate with the aggregator to advise of the actual and variable capacity
of this specific area of the network in a future time period. The aggregator can
then use this dynamic information as part of the actual forecast for the future
period when determining the prices that are to be offered. During the actual
distribution period the aggregator may elect to provide power to these load
devices as appropriate. In this way excess load may be shed during periods of

excessive electricity generation.
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A further advantage of the capacity of the thermal storage devices'per the
present teaching to absorb additional heating is the capacity of the devices —
and significantly arrays of such devices of similar characteristics- to be remotely
triggered to take up additional energy should that be required by the network

operator.

The words comprises/comprising when used in this specification are to
specify the presence of stated features, integers, steps or components but does
not preclude the presence or addition of one or more other features, integers ,

steps, components or groups thereof.
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Claims
1. A hot liquid cylinder comprising:
a body configured to receive a heatable volume of liquid;
at least one electrical heating element for heating the volume of liquid;
a controller configured to selectively activate the at least one electrical
heating element, the controller comprising a receiver for receiving
command signals from a remote operator to actuate the at least one
electrical heating element and a transmitter for transmitting data back to
the remote operator.
2. The cylinder of claim 1 wherein the data comprises at least one
parameter indicative of a capacity of the heatable volume of liquid to absorb
additional energy. |
3. The cylinder of claim 2 wherein the parameter comprises at least one of
the temperature of the liquid, the temperature gradient within the cylinder, the
usage of the liquid within a prescribed period, the energy stored within the
cylinder, the expected use of liquid within a prescribed time period.
4, The cylinder of any preceding claim wherein the liquid is oil.
5. A hot liquid cylinder comprising:
a body configured to receive a heatable volume of liquid, the liquid
comprising oil;
at least one electrical heating element for heating the volume of oil;
a controller configured to selectively activate the at least one electrical
heating element, the controller comprising a receiver for receiving
command signals from a remote operator to actuate the at least one
electrical heating element. _
6. The cylinder of claim 5 comprising a transmitter for transmitting data
back to the remote operator.
7. The cylinder of claim 6 wherein the data comprises at least one
parameter indicative of a capacity of the heatable volume of liquid to absorb

additional energy.
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8. The cylinder of claim 7 wherein the parameter comprises at least one of
the temperature of the oil, the temperature gradient within the cylinder, the
usage of the liquid within a prescribed period, the energy stored within the
cylinder, the expected use of liquid within a prescribed time period.

9. The cylinder of any preceding claim comprising at least one flow and
return tappings for coupling the cylinder to an external network.

10.  The cylinder of claim 9 wherein the external network is at least one of a
domestic hot water network or a domestic heating network.

11.  The cylinder of any preceding clainﬁ further comprising at least one
internal coil, the internal coil being coupled to flow and return tappings provided
on the cylinder.

12.  The cylinder of any preceding claim wherein the controller is configured,
in response to signals from the remote operator, to selectively activate the at
least one electrical heating element to effect a heating of the liquid to a first
operating temperature, and to selectively activate the at least one electrical
heating element to effect a heating of the liquid to a second operating
temperature, the second operating temperature being greater than the first
operating temperature.

13. The cylinder of claim 12 wherein the controller is operable in first and
secoﬁd operating regimes, a first operating regime representing a normal
operating regime within which the controller effects a heating of the liquid to the
first operating temperature and the second operating regime representing
exceptional operating conditions of the cylinder within which the controller
effects a heating of the liquid to temperatures approaching the second operating
temperature.

14.  The cylinder of claim 12 or 13 wherein the at least one electrical element
is rated to provide sufficient energy to- the liquid within a charging window to
achieve a heating of the liquid to the second operating temperature.

15.  The cylinder of claim 14 wherein the controller is configured to activate

the at least one electrical element in at least one time window defined within the
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charging window, the duration of the at least one time window being less than

the charging window.

16.The cylinder of claim 14 wherein the controller is configured to dynamically
time shift the at least one time window during a charge period.

17.The cylinder of claim 15 wherein the shifting of the at least one time window
provides a back charging of the device.

18.The cylinder of any one of claims 14 to 17 wherein the controller is
configured to determine how much power needs to be provided to raise a
current liquid temperature to a required liquid temperature, thereby defining
a power window.

19.The cylinder of claim 18 wherein the controller is configured to sub-divide
the power window into individual sections which are then available for a
network operator to provide power as required.

20. The cylinder of claim 17 or 18 wherein the controller is configured to
dynamically update the defined power window during a provision of power to
the cylinder.

21.The cylinder of any one of claims 15 to 20 comprising a data store within
which is stored one or more of a pre-stored value or table of a plurality of
back-charging algorithms, the controller being configured to use the data
within the data store in defining the time window. _

22. The cylinder of claim 21 configured such that selection of which of the one
or more of a pre-stored value or table of a plurality of back-charging
algorithms is used by the controller is determined at installation of the
cylinder or by providing a remote signal to the device.

23. The cylinder of any preceding claim wherein the remote operator is an
electricity grid operator and the signals are dependent on a load within the
grid.

24.The cylinder of claim 12 or any claim dependent on claim 12 wherein the
controller is configured to monitor historical usage of the cylinder and to vary
the characteristics of a normal operating regime where the output of the
cylinder does not match the historical usage of the cylinder.
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25.The cylinder of claim 12 or any claim dependent on claim 12 wherein the
controller is configured to interface with data representative of forecast
expected usage of the cylinder and to vary the characteristics of a normal
operating regime.

26.The cylinder of any preceding claim configured to communicate bi-
directionally with a remote operator to provide forecast expected energy
requirements of the device within a defined time window and to receive
commands from the remote operator to effect a selective activation of the
cylinder.

27. A thermal storage device comprising:

a core comprising a heatable material rated to a first operating
temperature to provide a defined heat output within a 24 hour period, the
first operating temperature being a normal operating temperature of the
core;

at least one electrical heating element;

a controller configured to be in communication with a remote
operator and in response to signals from the remote operator to
selecti\/ely activate the at least one electrical heating element to effect a
heating of the heatable material to the first operating temperature, and to
selectively activate the at least one electrical heating element to effect a
heating of the heatable material to a second operating temperature, the
second operating temperature being greater than the first operating
temperature.

28. The device of claim 27 wherein the controller is operable in first and second
operating regimes, a first operating regime representing a normal operating
regime within which the controller effects a heating of the heatable material
to the first operating temperature and the second operating regime
representing exceptional operating conditions of the heater within which the

| controlier effects a heating of the heatable material to temperatures

approaching the second operating temperature.
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29.The device of claim 27 or 28 wherein the at least one electrical element is
rated to provide sufficient energy to the heatable material within a charging
window to achieve a heating of the heatable material to the second
operating temperature. _

30.The device of claim 29 wherein the controller is configured to activate the at
least one electrical element in at least one time window defined within the
charging window, the duration of the at least one time window being less
than the charging window.

31.The device of claim 30 wherein the controller is configured to dynamically
time shift the at least one time window during a charge period.

32.The device of claim 31 wherein the shifting of the at least one time window
provides a back charging of the device.

33.The device of any one of claims 29 to 32 wherein the controller is configured
to determine how much power needs to be provided to shift a current core
temperature to a required core temperature, thereby defining a power
window.

34.The device of claim 33 wherein the controller is configured to sub-divide the
power window into individual sections which are then available for a network
operator to provide power as required.

35.The device of claim 33 or 34 wherein the controller is configured to
dynamically update the defined power window during a provision of poWer to
the device.

36. The device of any one of claim 29 to 35 comprising a data store within which
is stored one or more of a prestored value or table of a plurality of
backcharging algorithms, the controller being configured to use the data
within the data store in defining the time window.

37. The device of claim 36 configured such that selection of which of the one or
more of a prestored value or table of a plurality of backcharging algorithms is
used by the controller is determined at installation of the device or by

providing a remote signal to the device.
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38. The device of any one of claims 27 to 37 wherein the remote operator is an
electricity grid operator and the signals are dependent on a load within the
grid.

39. The device of claim 28 or any claim dependent on claim 28 wherein the
controller is configured to monitor historical usage of the device and to vary
the characteristics of the normal operating regime where the output of the
device does not match the historical usage of the device.

40.The device of claim 28 or any claim dependent on claim 28 wherein the
controller is configured to interface with data representative of forecast
expected usage of the device and to vary the characteristics of the normal
operating regime.

41.The device of one of claims 27 to 40 configured to communicate bi-
directionally with the remote operator to provide forecast expected energy
requirements of the device within a defined tim'e window and to receive
commands from the remote operator to effect a selective activation of the
device.

42.The device of any one of claims 27 to 41being a storage heater.

43.The device of claim 42 comprising an insulator, the insulator having a U
value sufficient to provide at least a 50 % heat retention of heat within the
heater between time periods within which energy is provided to the heater.

44.The device of any one of claims 27 to 41 being a hot liquid cylinder, the
heatable material being water or oil.

45. The device of claim 44 comprisﬁing means to compute how much hot liquid is
left within the cylinder subsequent to provision of hot water.

46.The device of claim 44 comprising a plurality of heat sensors configured to
selectively provide an indication of the heat within specific volumes of the
cylinder.

47.The device of any one of claims 44 to 46 comprising a graphical display
providing a user with information as to available volume of stored energy

within the cylinder.
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48. A grid controller configured to interface with at least one electricity provider
and at least one electricity user, the controller configured to match load
requirements of the at least one electricity user with available power from
the at least one electricity provider.

49. The controlier as claimed in claim 48 configured to interface with a plurality
of devices or cylinders as claimed in preceding claims to receive data
indicative of load requirements of the devices or cylinders.

50. The controller as claimed in claim 49 wherein the data indicative of load
requirements comprises data indicative of load requirements within a
defined future period.

51.The controller as claimed in any one of claims 48 to 50 configured to identify
capacity of the devices or cylinders to absorb additional energy.

52. The controller as claimed in any one of claims 48 to 51 configured to match
an expected load from the electricity user with the available power from the
electricity provider and to set a price for the electricity over one or more
defined future periods.

53.The controller of any one of claims 48 to 52 configured to selectively activate
the plurality of devices or cylinders during a distribution of electricity from the
electricity provider to the electricity user.

54.The controller of any one claims 48 to 53 configured to selectively activate
individual ones of the plurality of devices or cylinders dependent on at least
one of future availability of power and consumption of power levels.

55.The controller of any one of claims 48 to 54 configured to selectively activate
individual ones of the plurality of devices or cylinders dependent on a future
price of the available power.

56. A storage heater comprising:

a core comprising a heatable material;
at least one electrical heating element;
a controller configured to selectively activate the at least one electrical

heating element to effect a heating of the heatable material,
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a fan in electrical communication with the controller to provide an
assisted distribution of heated air from the heatable material out of an
outlet of the heater and away from the storage heater;
a moveable mixing flap whose movement determines the ratio of hot and
cold air distributed by the fan; and
wherein the controller is configured to adjust the mixing flap and/or fan to
maintain a desired temperature of the heated air at the outlet.
57.  The heater of claim 56 wherein the controller is configured to provide a
dynamic control of the distributed heat in a closed loop arrangement.
58. = The heater of claim 56 or 57 wherein the mixing flap is coupled to an
actuator and the controller is configured to activate the actuator independently
of the temperature of the core.
59.  The heater of any one of claims 56 to 58 wherein the controller is
configured to modulate the fan speed.
60. A storage device substantially as hereinbefore described with reference

to one or more of Figures 3 to 6 of the accompanying drawings.
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Minimum documentation searched (classification system followed by classification symbols)

F24H GO5D F24D

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2011/154521 A2 (BASIC HOLDINGS [IE]; 1-8,
MCDONALD ALAN [GB]) 27-29,
15 December 2011 (2011-12-15) 38,40,
42-44
Y page 4 - page 5; claims 9,51,53,57-59,61; 39
figures 1-3
page 7, line 6 - page 11, Tine 12
page 21, line 4 - page 24, line 30
X US 5 956 462 A (LANGFORD NEWTON [AU]) 1
21 September 1999 (1999-09-21)
column 6, lines 40-59; claims 1,3; figure
3
Y US 2010/004790 Al (HARBIN III BENJAMIN F 39
[US] ET AL) 7 January 2010 (2010-01-07)
claims 1,2,4; figure 1
- / -

See patent family annex.

Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international

- "X" document of particular relevance; the claimed invention cannot be
filing date

considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

10 July 2013

Date of mailing of the international search report

13/09/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Mallet, Philippe

Form PCT/ISA/210 (second sheet) (April 2005)
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C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A

WO 2007/098526 Al (RHEEM AUSTRALIA PTY LTD 1-47
[AU]; ELLIOTT JEFF [AU]; GUILFOYLE PHIL
[AU];) 7 September 2007 (2007-09-07)
paragraphs [0013], [0017], [0023],
[0061], [0064]; claims
1,2,5,7,9,10,15,18-20

Form PCT/ISA/210 (continuation of second sheet) (April 2005)
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International application No.
INTERNATIONAL SEARCH REPORT PCT/EP2013/056450
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-47
Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-47

Heat accumulator comprising an interface with a remote
computer or operator

2. claims: 48-55

Electrical power supply load controller

3. claims: 56-59

Local control of a heat accumulator
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Information on patent family members

International application No

PCT/EP2013/056450
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2011154521 A2 15-12-2011 AU 2011263698 Al 10-01-2013
CA 2801973 Al 15-12-2011
CN 103190049 A 03-07-2013
EP 2580832 A2 17-04-2013
JP 2013528349 A 08-07-2013
KR 20130048223 A 09-05-2013
US 2013146587 Al 13-06-2013
WO 2011154521 A2 15-12-2011

US 5956462 A 21-09-1999 CA 2227523 Al 20-07-1999
US 5956462 A 21-09-1999

US 2010004790 Al 07-01-2010 CA 2765674 Al 07-01-2010
EP 2304513 Al 06-04-2011
US 2010004790 Al 07-01-2010
US 2013146586 Al 13-06-2013
WO 2010002825 Al 07-01-2010

WO 2007098526 Al 07-09-2007 AU 2007219699 Al 07-09-2007
NZ 570504 A 22-12-2011
WO 2007098526 Al 07-09-2007

Form PCT/ISA/210 (patent family annex) (April 2005)
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