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DESCRIPTION

[0001] This Iinvention relates to improvements in and relating to domestic and commercial
heating installations for producing hot water.

[0002] The availability, and cost, of electricity increasingly tends to vary from day to day, or
even over quite short periods. This may be due to the availability of 'green energy from sun or
wind, or to the Inflexibility of nuclear power generation. This Is as true for large-scale electricity
generators and management of the power grid, as for local producers who may be offered a
low price for feeding electricity back into the grid, even If this option is available.

[0003] It i1s thus an objective of the invention to provide a means for capturing such available
and/or low-cost electrical energy so that it can be stored as hot water for domestic or
commercial use, or even for space heating.

[0004] A further objective of the invention is to provide a means for combatting Legionella in In
a hot water installation.

[0005] Document WO2006/111755 discloses an installation for fitting to a hot water store
comprising: a cold water feed and a hot water discharge, a cold water inlet for connection to
the hot water store from the cold water feed and a hot water outlet pipe or passage for
connection between the hot water store and the hot water discharge, a bypass circuit having a
circulating pump and connecting between the cold water feed and the hot water discharge;
wherein the circulating pump 1s controlled to achieve a preset/ desired temperature at the hot
water discharge, according to the temperature at the hot water outlet pipe or passage from the
hot water store.

[0006] An Installation in accordance with the invention is described in claim 1.

[0007] In operation, heated water may be withdrawn directly from the hot water store through
the electric heater, or by activating the circulating pump, and depending on the demand for hot
water, water may flow through the electric heater either into the hot water store to be stored as
hot water, and/or out of it to the hot water discharge. Thus water may be effectively pre heated
and stored in the hot water store when electricity i1s available at no cost or at a low tariff or
heated on demand by withdrawing water from the hot water store or through the bypass circuit.
In the event that water has been pre-heated to and stored at temperature above the required
or permitted discharge temperature the circulating pump may be activated to dilute water from
the hot water store using cold water from the cold water feed without activating the electric
heater at that time.

[0008] Such an installation when connected to a hot water store provides a circuit to maximise
the use of available or low-cost electricity to store energy as hot water, even at a temperature
above that which Is acceptable at the discharge.
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[0009] By heating the water in the hot water store from time to time to a temperature above
60°C and using the circulating pump to circulate it in the bypass circuit allows the whole
Installation to be sterilised in order to eliminate Legionella.

[0010] An Installation In accordance with the Iinvention also has the advantage that in use
water can be withdrawn at the discharge only by flowing through the electric heater. This
means that if water either in the hot water store or in the bypass circuit is to be withdrawn from
the installation it can be heated to above the critical temperature for Legionella by the electric
heater.

[0011] Such an installation is thus characterised in that water may flow in either direction in the
feed or outlet of the hot water store and flows through the electric heater whether it flows from
the store or from the bypass circuit, or both, and that the electric heater iIs programmed to heat
water withdrawn from the installation according to a pre-set or desired temperature and the
temperature at the outlet of the store and that in the by-pass circuit. The circulating pump iIs
likewise controlled in response to these temperatures to optimise the use of the temperatures
In the Installation, and the eventual need to boost the temperature of the water using the
electric heater.

[0012] Compared with sources of high grade energy such as natural gas, oll or electricity, low
grade heat is both plentiful and often relatively available.

[0013] Low-grade heat for the purposes of this specification is defined as low temperature heat
below 100°C and may be considerably lower, but in every case will exceed the actual or
anticipated temperature of the cold water feed.

[0014] Sources of low grade heat may be heat rejected by industry and power generation,
heat from air, soil or water, and increasingly from solar energy. Heat extraction or upgrading by
heat pumps, or combined heat and power are common methods to upgrade the heat to more
useful temperatures and may be used in combination with the invention.

[0015] High grade energy Is herein defined as energy that is available at temperatures above
100°C, namely, but not exclusively, from electricity.

[0016] Another objective of the invention Is thus to provide a simple and cost-effective circuit
that achieves high utilisation of heat from one or more lower-grade heat sources, to minimise
the use of high grade energy In order to boost the temperature of the required domestic hot
water to a desired temperature fit for health and purpose.

[0017] According to an embodiment of the invention the installation additionally comprises one
or more heat exchangers in the bypass line between the feed pipe or passage and the three-
way junction.
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[0018] At least one of the heat source(s) In the bypass circuit preferably comprises a heat
exchanger (or heat exchangers) arranged for connection to a lower grade heat source(s).

[0019] In one embodiment of the invention the electric heater I1s located in a chamber at the
three-way connection connected to and contiguous with the hot water store. As with the
embodiment described above where the electric heater is remote from the hot water store flow
may occur In either direction between the chamber and the hot water store. The chamber also
has the connection to the bypass circuit and the discharge for heated water arranged in such a
way that water flowing from the bypass circuit to the discharge or to the hot water store or from
the hot water store to the discharge has to pass over or through or i1s heated by the electric
heater. This not only maximises its efficiency, but also is extremely cost-effective as it heats the
water only as required. It also allows water to be drawn either from the hot water store, or from
the external bypass circuit, in other words from the external heat exchanger, or from both
depending on the demand for hot water, and its availability at a suitable temperature boosted
as required by the electric heater, from the hot water store and/or the external circuit, or from a
combination of the two.

[0020] Thus, depending on the respective water temperatures, water may be drawn from the
hot water store directly to the discharge, mixed with water from the bypass line to heat it or
cool it, and/or be boosted in temperature by the electric heater. Control of the circulating pump
and of the electric heater i1s by means of a suitably programmed logic controller that assures
that the temperature of the water at the discharge does not exceed the desired temperature,
and whenever possible within the capacity of the installation meets the desired temperature.

[0021] The chamber housing the electric heater element(s) at the second or 'hot' connection
may be attached to or inserted into the hot water store, or designed as a compact replacement

to fit Into a standard new or existing immersion heater tapping at the top or bottom of the hot
water store where this i1s available.

[0022] In the embodiment, where the electric heater chamber is contiguous with the hot water
store it may be provided with a single opening or with a connection with the hot water store or
a baffle plate having a plurality of holes so that in operation restricted flow may occur in either
direction between the hot water store and the electric heater chamber through this opening.
The chamber Is designed so that where flow Is partly or wholly directly from the bypass to the
discharge water does not need to flow into the hot water store.

[0023] In this embodiment the electric heater element(s) in relation to the opening Iin the hot
water store may penetrate into the vessel itself, thus able to heat water in the upper part of the
vessel depending on the configuration of the electric element. The element Is may be thus

constructed as a cylinder or cylindrical coil to de-stratify and heat a designated volume of water
In the upper part of the vessel.

[0024] VWhere the hot water store has an opening at its base, the three way connection and the
electric heater may be contiguous with the hot water store or contained in a separate chamber
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remote from the store.

[0025] The electric heater may comprise a single element or a plurality of elements according
to their design, method of control and the configuration of the installation. Though they may be
separate from one another they will generally be contained in or placed around the three way
connection.

[0026] The pump In the bypass circuit, together with associated valves, Is arranged and
controlled to operate as required to maintain relevant flows and temperatures in the circuit. As
the heat input In terms of temperature and quantity available from the heat exchanger may
vary, the speed of the pump may be controlled accordingly or control valve(s) in the bypass
circuit adjusted.

[0027] The pump can also be an important element in controlling the temperature at the
discharge so that water is discharged from the hot water store and/or the bypass circuit via the
electric heater(s) that may be operated or not to achieve the desired discharge temperature
according to the temperature of the water in the vessel and the bypass circuit.

[0028] This feature may be of importance where the water in the hot water store has to be
heated to a temperature above 60°C for the prevention of Legionella, where the installation
can be programmed to use low cost off-peak electricity, and the pump will be used to force
water from the electric heater down in the hot water store.

[0029] As an objective of the invention Is to maximise the amount of heat stored in the hot
water store, where electricity Is freely or cheaply available, the water may be too hot for use In
a domestic hot water system, cooler water from the bypass circuit and the cold water inlet may
be mixed in the chamber with the hot water from the hot water store to achieve the desired or
permitted discharge temperature, again maximising the use of the lower grade heat from the
heat exchanger.

[0030] It should be noted that where a heat exchanger is present for the purposes of using low
grade heat, when water heated by the electric heater is circulated in the bypass circuit and is
hotter than that available in the heat exchanger, a valve shuts off the circulation of the low
grade heat to the heat exchanger or shunts the flow in the bypass line through a shunt round
the heat exchanger.

[0031] Similar principles apply where the source of heat i1s from solar thermal or excess solar
photovoltaic.

[0032] Hot water from the hot water store drawn off at the discharge can also be diluted with
cold or cooler water from the bypass circuit and the cold water inlet as described above.

[0033] A control valve may advantageously be fitted between the cold water Inlet or feed and
the Inlet to the hot water store. Such a valve can be used to iIsolate the hot water store from the
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bypass circuit so that water may flow from the cold water feed to the discharge by flowing
through the bypass circuit without entering the hot water store. The control valve may be used
to balance, proportion or adjust the amount of water withdrawn from the hot water store and
through the bypass circuit respectively. The control valve may thus permit water to be directed
through the Installation according to availability of hot water in the hot water store, or in the
bypass circuit from an external heat source and/or from the electric heater.

[0034] Where the control valve 1solates the hot water store from the bypass circuit the water is
heated solely In the bypass circuit and/or the electric heater effectively as a once-through or
Instantaneous circuit where plentiful heat is available to the heat exchanger, or the electricity
price justifies It.

[0035] The pump and control valves are preferably programmed to optimise and prioritise the
use of the lowest cost energy, which Is generally low-grade heat from the external heat
exchanger circuit or by using temporarily available or low cost or off-peak electricity.

[0036] It can also be programmed as mentioned above so that the water in the hot water store
can be heated by the electric heater to a higher temperature as a store of energy, to
accommodate higher anticipated demand, or as a precaution against Legionella or in situations
where there Is excess local energy. In such cases the pump may be activated intermittently so
that while the temperature of the water in the vessel is increased and, in the case of Legionella
maintained temporarily above 60°C. Where high temperature water may be circulated from the
hot water store through the bypass circuit where the circuit includes an external heat
exchanger a valve shuts off the flow in the heat exchanger, which would otherwise lead to a
loss of heat, unless heat can usefully be withdrawn from the heat exchanger circuit as well.
Valves In the bypass circuit may also be used to allow control of the flow through the circuit and
from the hot water store.

[0037] The hot water store may be elongated with a conventional cylindrical section, or other
suitable section, e.g. square, so that in use it is arranged with its axis vertical with the feed pipe
or passage at or near its lower end and the outlet pipe or passage at or near its top. Because
of the efficiency and flexibility of an installation in accordance with the invention the hot water
store may be significantly smaller than i1s conventional.

[0038] Alternatively, where the hot water store Is designed to store energy as heat when heat
or electrical energy Is available or cheap, it may beneficially be over-sized to store as much hot
water as possible until the next opportunity arises.

[0039] Installations of this type generally require a pressure relief valve to be fitted; such a
pressure relief valve may conveniently be incorporated in the electric heater chamber or
conveniently close to its outlet. VWhere temperature relief is required similar principles apply.

[0040] The invention 1s well-suited for installations using a low grade and renewable source of
waste heat such as that available from solar thermal and district heating schemes. In such a
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case It may be advantageous to provide more than one heat exchanger in the bypass circult,
the upstream (with reference to the flow in the bypass circuit) heat exchanger being a counter-
current heat exchanger, and the hotter downstream heat exchanger being a co-current heat
exchanger. This arrangement can reduce scale formation in the heat exchanger. It may also
permit a higher water temperature to be maintained in the hot water store thus increasing its
thermal storage capacity, reducing the risk of Legionella occurring in the installation.

[0041] In all cases, the electric heater can be used for boosting the temperature in the hot
water store and the bypass circuit for sterilisation, or as a back-up when heat from other
energy sources Is not available.

[0042] The hot water store In most cases iIs likely to comprise a cylindrical, insulated copper,
stainless steel or enamelled steel tank, though the invention is not limited in its application only
to such tanks or vessels. For domestic hot water purposes, its capacity will generally fall into
the range 70 to 300 litres.

[0043] The Invention thus extends to retro-fitting an existing hot water hot water store with a
bypass circuit and controls as described in accordance with the invention.

[0044] The Iinvention extends to the operation of the installation to use low or lower grade heat
to pre-heat water in a hot water store by means of a heat exchanger in a bypass circuit and to
bring the temperature of the water to the desired temperature at the discharge by means of an
electric heater which is interposed between the bypass circuit, the hot water store and the
discharge.

[0045] An Installation In accordance with the invention has the advantage that it can be made
not only thermodynamically very efficient and economical to run, but it is also cheap to make
and simple to control, yet offers a high degree of flexibility in the management of the heat input
to the installation. It can convert available electricity or low cost electricity to be stored as hot
water, or it can prioritise the use of low grade heat, which is often otherwise wasted, minimising
the use of high grade energy from electricity, and when required manage the sterilisation of the
system.

[0046] The system Is also suited to the active management of consumer demand for domestic
hot water utilising least cost sources of electricity and low grade heat. This I1s achieved by
learning the pattern of consumer demand and heating the water at times during the day and
night for the overall benefit of the consumers and operators of heat and electricity networks.

[0047] The arrangement of the bypass circuit and the chamber housing the electric heater
element(s) allow the circuit to be connected to standard hot water tank having just two
openings or tappings; flow may travel in either direction at each opening according to demand
and the supply of heat to the Installation. This provides great flexibility and optimises use of
lower grade energy.
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[0048] It can also be adapted to a 'European’ style electric water heater where the inlet and
the outlet and the electric heater element are provided on a plate that is generally bolted to the
base of the tank. In such a case the electric heater may either be provide In a contiguous
chamber or one that is remote from the tank or hot water store.

[0049] The subject matter and disclosure of the accompanying claims comprise an element of
the description of the invention and are hereby Incorporated without restriction into the
specification and the description of the invention.

[0050] The Invention will now be described by way of example with reference to the
accompanying drawings, in which:

Figure 1 1s schematic line diagram of a hot water installation in accordance with the invention
suited for a hot water store with two tappings;

Figure 2 Is a schematic line diagram of an alternative installation in accordance with the
Invention, suitable for use with a hot water store with a single detachable plate at its base;

Figure 3 I1s schematic line diagram of an alternative hot water installation in accordance with
the Invention;

Figures 4a to 4d illustrate schematically the flow patterns through an electric heater at the
outlet from a hot water store forming part of the installation shown in Figure 3;

Figure 4e illustrates diagrammatically various forms of electric heating elements; and

Figure 5 1s a diagram lllustrating one form of heat exchanger arrangement for use In an
external circuit forming part of the installation.

Figure 6 1s schematic line diagram of an alternative hot water installation in accordance with
the Invention, including means for space heating.

[0051] An Installation In accordance with the Invention and as shown diagrammatically In
Figures 1 and 2 comprises a bypass circuit arranged In use for connection between a hot
water store 10 and a cold water inlet or feed 28 and a hot water discharge 26 comprises a feed
pipe or passage 12 arranged for connection between the hot water store and the cold water
feed 28, and an outlet pipe or passage 14 arranged for connection between the hot water
store 10 and the hot water discharge 26 wherein a bypass line 16 having a circulating pump 22
IS provided between the feed pipe or passage12 and the outlet pipe or passage 14 and an
electric heater 32 I1s provided in a chamber 30 at the three-way junction between the outlet
pipe or passage 14, the hot water discharge 26 and the bypass line 16.

[0052] Each circuit shows a non-return valve 44 in the bypass line 16 for use with a centrifugal
pump 22. However, this non-return valve 1s not required If the pump 22 Is a positive
displacement pump, which may be preferred, for example a gear pump. Arrows show the
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normal direction of flow in the bypass line 16.

[0053] A positive displacement pump not only prevents reverse flow from convection from
occurring Iin the bypass circuit, but also permits the flow in the bypass circuit to be reversed
either for sterilisation of the installation or for destratification of water in the hot water store.

[0054] Figure 1 shows an Installation adapted for use with an insulated hot water store 10 In
the form of a cylinder with two openings or tappings. Figure 2 shows an installation adapted for
use with another popular form of insulated hot water store 10, typically a cylinder, with a single
larger opening at its base. In such hot water stores both the feed pipe 12 and the outlet pipe
are mounted on a plate 11 that is bolted or screwed to the cylinder.

[0055] In Figure 1 a control valve 49 s placed In the line between the bypass circuit 16 and the
feed pipe 12 so that If desired the hot water store 10 can be isolated from the bypass circuit 16
and the cold water feed 28 and the discharge 26, so that in effect the bypass circuit 16 can be
used as a once-through water heating circuit, for example If no heat store Is required.

[0056] The control valve 49 can also be used to balance, proportion or adjust the amount of
water withdrawn from the hot water store 10 and through the bypass circuit 16 respectively.
The control valve 49 may thus permit water to be directed through the installation according to
avallability of hot water in the hot water store 10, or Iin the bypass circuit 16 from a heat

exchanger connected with an external heat source (where present) and/or from the electric
heater 32.

[0057] In Figure 1 a line 68 Indicates the line of stratification within the hot water store 10.
Depending on activation of the circulating pump 22 and heat from the electric heater 32 (and,
In the case of the Installations shown it the other accompanying drawings, heat supplied from
other external sources 18) the line of stratification 68 may move up or down the hot water store
10 Increasing or diminishing the volume of hot water in the store. In general, water above the
stratification line 68 will be maintained at a temperature above that which Legionella can
develop, whilst water below the line will be at a temperature below that at which Legionella can
develop.

[0058] Where the control valve 1solates the hot water store from the bypass circuit the water is
heated solely In the bypass circuit and/or the electric heater effectively as a once-through or
Instantaneous circuit where plentiful heat is available to the heat exchanger, or the electricity
price justifies it.

[0059] The chamber 30 containing the electric heater 32 will conveniently be provided with an
expansion vessel (not shown) and a pressure relief valves that may either integral with the
chamber 30 or attached to it. This permits the bypass circuit with the circulating pump, electric
heater and any associated valves to be provided as a single bolt-on unit that can be fitted
between a cold water feed, a hot water discharge and a hot water store.
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[0060] In operation, heated water may be withdrawn directly from the hot water store 10
through the electric heater 32, or by activating the circulating pump 22 via the bypass circuit
16. Depending on the demand for hot water and the temperature of hot water in the hot water
store 10 water may flow directly to the discharge 26 from the store 10. If it is not hot enough, it
can be heated by activating the electric heater. If it iIs too hot, it can be diluted with cold water
from the feed 28 by activating the circulating pump 22. Control is conveniently achieved by
means of a suitably programmed controller in response to the temperature of water measured
by a sensor 50 In the store 10 at or close to the outlet or in the outlet pipe 14, and by another
sensor 52 at the discharge side of the electric heater chamber 30.

[0061] At times when electricity I1s available or available at a low tariff, the circulating pump 22
and the electric heater 32 may be activated so that water flows through the electric heater 32
Into the hot water store 10 to be stored as hot water. This action may continue until the hot
water store iIs full of water at the highest permitted temperature, even when the temperature
exceeds the permitted discharge temperature. Thus water may be effectively pre heated and
stored in the hot water store when electricity i1s available at no cost e.g. from a domestic wind
or solar installation, or when surplus electricity is available from the grid or at a low tariff. As
mentioned above, where the temperature of the water in the hot water store exceeds the
permitted discharge temperature, water from the hot water store 10 is mixed with cold water
from the feed 26 at the tree-way connection In the chamber 30 so that water leaving the
Installation does so at or below the permitted temperature.

[0062] Such an Installation when connected to a hot water store provides a circuit to maximise

the use of available or low-cost electricity to store energy as hot water, even at a temperature
above that that is acceptable at the discharge.

[0063] By heating the water in the hot water store from time to time to a temperature above
60°C and using the circulating pump 22 to circulate it in the bypass line 16 allows the whole
Installation to be sterilised in order to eliminate Legionella.

[0064] Such an installation is thus characterised in that water may flow in either direction In the
feed 12 or outlet 14 of the hot water store 10 and flows through the electric heater 32 whether
it flows from the hot water store10 or from the bypass line 16, or both. The electric heater 32
and the circulating pump 22 are controlled by a programmable logic controller (not shown)
programmed to ensure within the capacity of the installation that water withdrawn from the
Installation meets the pre-set desired temperature as measured at 52 at the discharge 26. The
circulating pump 22 is likewise controlled in response to these temperatures to optimise the
use of energy In the installation, and the eventual need to boost the temperature of the water
using the electric heater 32.

[0065] Figure 3 shows another hot water installation In accordance with the Invention
comprising an insulated hot water store 10 arranged Iin use to store hot water. The hot water
store 10 has two connections: a feed pipe or passage 12 and an outlet pipe or passage 14.
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[0066] Unlike the Installations shown and described with reference to Figures 1, 2 and 6 where
the electric heater chamber 30 i1s located remotely from the hot water store 10, In the
Installation shown and described with reference to Figure 3 the chamber 30 containing the
electric heater 32 is contiguous with the hot water store 30.

[0067] The feed pipe or passage and the outlet pipe or passage 12, 14 respectively are
connected together externally by means of a bypass circuit 16 having a heat exchanger 18
arranged to receive heat from an external low or lower grade heat source 20. The source of
heat, not shown, may be from a district heating circuit, a solar power unit, a heat pump, or any
other source of low-grade heat. WWhere higher grade heat is available either on a permanent or
an Intermittent basis, the heat exchanger arrangement shown in Figure 5 as described below
may be advantageous and even preferable to the simple counter-flow heat exchanger 18
shown In Figure 3.

[0068] The external by-pass circuit 16 has a circulating pump 22 which is activated and
controlled as described below. In order to prevent reverse gravity flow of water in the bypass
due to cooling and increase In density of the bypass water In relation to the water in the hot
water store 10, a non-return control valve 44 and/or a control valve 48 may be provided in the
bypass circuit 16. Neither the non-return valve 44 nor the control valve 48 may be required If
the pump 22 1s a positive displacement pump. Such a positive displacement pump may
additionally have the ability to reverse the flow around the bypass to perform additional
functions such as heating all the water in the vessel 10 and also in the bypass circuit 16 using
the electric heater 32 for sterilisation of the installation.

[0069] An electric heater 32 1s housed In a In a chamber 30 located at the three-way junction
between the outlet pipe or passage 14 of the hot water store, the bypass circuit 16 and
Interposed between the latter and the hot water discharge 26. The chamber 30 Is connected to
and contiguous with the hot water store 10 by means of the passage 34.

[0070] In use water may be withdrawn at the discharge 26 directly from the hot water store
through the electric heater 32. By activating the circulating pump 22, and depending on the
demand for hot water, water may flow through the electric heater 32 either into the hot water
store 10 to be stored as hot water or out of the hot water store 10 to the hot water discharge
26.

[0071] Depending on the demand for hot water, the temperature of water in the hot water
store 10 and that Iin the bypass circuit 16 water may also be drawn simultaneously from the
bypass circuit 16 and the hot water store 10. In each Iinstance, depending on the temperatures
of the water In the various parts of the installation and the desired temperature at the
discharge, the electric heater 32 may be activated to increase the temperature of the water at
the discharge 26. Equally, if the water Iin the hot water store 10 1s above the desired discharge
temperature the speed of the pump may be increased to dilute water from the hot water store
with cooler water from the bypass circuit 16 and/or by drawing water from the cold water feed
28 Into the bypass.
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[0072] Cold water enters the installation from the cold water feed 28 to replenish water
withdrawn from the installation.

[0073] This arrangement provides great flexibility, maximises the efficiency of the installation,
but also Is extremely cost-effective. It also allows water to be drawn either from the hot water
store, or from the external bypass circuit, in other words from the external heat exchanger, or
from both depending on the demand for hot water. Additionally, all flow passes through the
electric heater so that when necessary the temperature of the water flowing to the discharge
can be raised to the desired temperature by activating the instantaneous electric heater.

[0074] The chamber 30 housing the electric heater element(s) 32 i1s attached at the top of the
hot water store 10. It may have a single opening 34, as shown, or a plate punched with a
plurality of holes. In operation flow occurs in either direction between the hot water store 10
and the chamber through this opening 34. The chamber 30 is designed so that where flow Is
partly or wholly directly from the bypass 16 to the discharge 26 water does not normally flow
Into the hot water store 10, except at low flow rates at the discharge 26. The effect of the pump
22 I1s to draw Incoming cold water around the pumped circuit instead of it passing through the
hot water store 10. An optional control valve 48 may be inserted In the bypass circuit 16
between the circulating pump 22 and the entry 36 of the chamber 30.

[0075] Alternatively, a control valve 49 may advantageously be Inserted between the cold
water inlet 28 and the cold connection 12 of the hot water store 10. VWWhere such a valve 49 is
Inserted in the bypass circuit 16 it provides a means to isolate the cold water inlet from the hot
water store 10 so that water is heated solely on the path of the bypass circuit to the discharge
26 or as an alternative method for achieving the function performed by valve 44 or a positive
displacement pump.

[0076] VWhere heated water from the bypass circuit 16 and from the hot water store 10 flows to
the discharge 26 the position of the valve 49 and its optional modulation also allows relative
flows of iIncoming cold water to be routed to the discharge 26 either through the bypass circuit
16 or via the hot water store 10.

[0077] The valve 49 also permits the hot water store 10 to be isolated from the inlet 28, so that
the bypass circuit 16 with the heat exchanger 18 and the electric heater can be used as a
once-through or instantaneous system, for example where the external heat to the heat
exchanger 18 or the cost of electricity is advantageous.

[0078] It may be desired to maintain stratification between the hot and cold water in the hot
water store 10. This can be improved by providing a baffle or diffuser plate 46 over the Inlet or
cold connection 12. The plate may either be solid, allowing water to flow round its sides, or
perforated or even In the form of a mesh. If required, a similar plate (not shown) may be
placed over the hot connection 14.
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[0079] A pressure relief valve 24 is provided In the chamber 30. An expansion vessel (not
shown) may be provided integrally or remotely.

[0080] The hot water store 10 and the electric heater chamber 30 are fully insulated. The
bypass circuit 16 may also be appropriately insulated.

[0081] The flow through the heater unit is described more specifically below under Figures 4a
to 4d in which the arrows indicate the direction of flow. The absence of an arrow indicates the
absence of flow at that point in the configuration shown.

[0082] In Figure 4a, water in the hot water store 10 Is at or near the desired temperature, and
on demand for hot water at the discharge 26, hot water flows through chamber 30; If required
the water temperature may be boosted by activating the instantaneous heater element 32. The
circulating pump 22 is not operating.

[0083] In Figure 4b, the circulating pump 22 in the bypass circuit 16 Is operating to circulate
water which iIs being heated by low grade heat in the heat exchanger 18. There i1s no demand
for hot water at the discharge 26. The temperature of the water passing through the chamber
30 to the hot water store 10 may be boosted by energising the heater element 32 If required so
that the stored hot water is at the desired temperature.

[0084] In Figure 4c, hot water demand at the discharge 26 is at a maximum and requires pre-
heated water both from the bypass circuit 16 and from the hot water store 10; the temperature
of both streams may be boosted as they pass through the chamber 30 by activating the
Instantaneous electric heater element 32.

[0085] In another scenario, water In the hot water store 10 1s maintained at a high
temperature, above 60°C, In order to sterilise the installation and prevent occurrence of
Legionella in the hot water store. In this instance, the temperature of the flow out of the hot
water store 10 can be reduced by mixing it with the water from the bypass circuit 16 (or even
supplementing it by drawing in water from the cold feed inlet 28) thus utilising to a maximum
the low grade heat from the external heat source 20.

[0086] In Figure 4d, the circulating pump 22 is operational (or, If present, the control valve 49
IS closed), and pre-heated water in the bypass circuit 16 is supplied directly to the discharge
26. It 1s brought up to the desired temperature by operating the electric heater 32 as an
Instantaneous water heater, albeit with the benefit of the pre-heated water from the heat
exchanger 18 and using a maximum of the available low-grade heat.

[0087] According to the quality (temperature) of the heat supplied at the heat exchanger 18
and the hot water demand profile, it may be advantageous to have two (or more) heater
elements 32 or sets of heater elements in the chamber 30. The elements 32 are then placed In
series or parallel, one above the other and activated/controlled according to the temperature of
the water in the hot water store 10, that in the bypass circuit 16 and the demand for hot water
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at the discharge 26.

[0088] As mentioned above, In most Iinstances the Installation will be used with lower-grade
heat, It Is so designed to be equally suitable for use with reject heat supplied at higher
temperatures that may be as high as 90 to 95°C from, for example, a district heating circuit. In
such cases, the electric heater 32 is primarily intended as a back-up or when the installation is
first switched on or the waste heat source 1s not available. However, In this case, In order to
minimise the build-up of scale in the heat exchanger 18 certain precautions can be taken in the
design of the heat exchanger.

[0089] Figure 4e lllustrates diagrammatically various forms of electric heating elements that
may be incorporated in the chamber 30. Although In each instance only a single element is
shown, In practice due to design or space considerations, or the availability of commercially-
avallable products, more than a single element may be employed.

[0090] The flow patterns described with reference to Figures 4a to 4d relate to the installation
shown In Figure 3 where the chamber 30 Is contiguous with the hot water store 10. However,
the same flow patterns occur in the installations shown in Figures 1 and 2 where the outlet 14
IS connected by a pipe, equivalent to the passage 34, to the chamber 30. In such a case, flow
takes place according to the same principles, namely:

In Figure 4a from the hot water store 10 through the chamber 30 to the outlet;
In Figure 4b from the bypass line 16 into the hot water store via the chamber 30;

In Figure 4c with flow from the bypass line 16 flowing through the chamber 30 26 into the hot
water store 10 and or to the discharge 26 via the chamber 30, being heated If required by the
electric heater 32;

In Figure 4d from the bypass line 16 to the discharge 26 via the chamber 30 without passing
through the hot water store 10, being heated as required by the electric heater 32, operating
effectively as a once-through heater.

[0091] Where the heat exchanger 18 Is present Iin the installation the programming of the
control of the Installation Is advantageously designed so that the return temperature of the
water from the heat exchanger 18 to the external source Is as low as possible for the purpose
of maximising the efficiency of the external heat source.

[0092] A suitable arrangement is shown In Figure 5 in which heat is supplied at 90 to 95°C In
ine 20 and enters a first heat exchanger element 40 in a co-current flow. It leaves the first
element 40 at 60 to 65°C and enters a second element 42 in counter-flow. Assuming that the
feed water In the bypass circuit 16 enters at 8 to 10°C, the temperature of the water leaving
the second element 42 may be as low as 14°C.
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[0093] In order to operate the installation safely at optimum conditions, and to maximise the
utilisation of the low grade heat from the external heat source 20 (minimising the use of high
grade electric energy at the electric heater unit 32), a programmable logic controller (PLC) (not
shown) Is required. The PLC makes use of the temperature sensors in the hot water store 10,
at the inlet 36 and outlet 38 of the chamber 30 and also flow sensors. These temperature

sensors (shown by In Figure 3) and flow sensors (shown by o In Figure 3) provide
measurements that are used to control the electric heater element(s) and the operation of the

pump 22 in the bypass circuit and heat input from low grade heat sources.

[0094] By incorporating additional temperature sensors o at various levels in the hot water
store 10, utilisation of stratification of the hot water may be achieved. Stratification in the hot
water store may be used to adjust the amount of water heated either on an on-going basis, or
programmed at various times of the day and night to further improve economy of the system. It
also allows the any heat loss from the stored water to be reduced, as the vessel can remain
partially or completely full of cold water apart from hot water in the top of the vessel needed to
respond to the anticipated demand at the time.

[0095] A variety of methods to control the are available by examining Figure 3, which illustrate
the optional aspect of the invention and sensors for control functions of valves that control the
primary flow to heat exchanger 18. Temperature and flow signals at the feed 12 and the outlet
16 allow control of flow in 20 to be such that the heat exchanger 18 operates in such a way so
that the temperature of the fluid or gas supplied through 20 is returning after passing through
the heat exchanger 18 Is cooled to low temperatures, to allow it to optimise its capture of low
grade heat from other sources.

[0096] The temperature and flow signals allow the installation and its flow rates to be
Intelligently managed to access the lowest cost energy sources feeding its circuits when the
electric heating Is operating with the heat exchanger or heat exchangers in the bypass circuit.

[0097] As can be seen from Figure 3 the arrangement for the store is one where stratification
of the contents of the hot water store 10 will occur. This may be used to advantage to reduce
heat losses from the store when patterns of water demand from the store are low by only
storing hot water in the upper part of the hot water store.

[0098] If heat from the remote heat source 20 is or may not be available all the time, or low-
cost night electricity 1Is more cost-effective, the PLC can be programmed to activate the electric
heater 32 at the appropriate times, and particularly for raising the temperature of water in the
Installation for sterilisation and as a precaution against Legionella. Alternatively or additionally,
additional, conventional electric heating elements may be incorporated (not shown) at the top
and/or at the bottom of the hot water store 10.

[0099] Figure 6 shows an installation in accordance with the invention, similar to that shown In
Figure 1, but including a heat exchanger 18 similar in operation to that described above with
reference to Figure 3. This Installation additionally includes an additional heat exchanger or
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calorifier 60 for transferring heat to a central heating or space heating circuit 62.

[0100] Such an installation 1s suitable for a self-contained installation that draws low-grade
heat via the heat exchanger 18 from a ground or air heat extraction linked to a heat pump with
an additional heat input from wind and/or solar power. VWWhen water in the installation is heated,
for example by electricity from potentially intermittent wind or solar power, the hot water store
10 may be over-sized to store the energy produced. Such an arrangement may require
heating all the water in the hot water store to as high a temperature as possible, using the
circulating pump 22 to circulate through the bypass line 16 to ensure that all the water in the
store Is at a high temperature. This may mean that the water in the bypass line 16 exceeds the
temperature at the heat exchanger 18. Thus to prevent heating the water in the external circuit
20, a controllable valve 66 may be placed in the external circuit 20, permitting it to be shut off
In these circumstances. Alternatively a shunt (not shown) may be placed in the bypass line 16
permitting flow to bypass the external heat exchanger 18.

[0101] In an intelligent system, in addition to the two temperature sensors 50, 52, an additional
sensor 54 is required at the hot input to the heat exchanger 18 to control the installation by
means of activating the circulating pump 22 and or the electric heater. A sensor 56 may also
be placed in the bypass line 16 to measure the temperature in the bypass line on leaving the
heat exchanger 18

[0102] Such Installations as specifically described above In accordance with the invention can
be fitted to an existing hot water store or tank. Each circuit as specifically described can be
adapted to offer great flexibility in using low grade energy supplemented only as required by
electric heating, or for the use of low cost electricity to heat water in the hot water store when
electricity, e.g. from solar or wind, 1s plentiful and cheap, or even to use it as a once-through
Instantaneous circuit. It needs only two connections to the hot water store. And being self-
contained, apart from the hot water store, it lends itself to being retro-fitted to existing storage
tanks and installations. It requires a minimum of control, by today's standards, to achieve
excellent utilisation of electricity and/or low-grade energy and high efficiency as available.
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Patentkrav

1. Installation til montering pa en varmtvandslagerbeholder omfattende:

en koldtvandstilfersel (28) og en varmtvandsudgang (26),

en koldtvandsindgang (12) til forbindelse med varmtvandslagerbeholderen
(10) fra koldtvandstilfarsien og et varmtvandsudgangsrar eller en -gennem-
gang (14) til forbindelse mellem varmtvandslagerbeholderen og varmtvands-
udgangen,

et omdirigeringskredslab, der omfatter en omdirigeringsledning (16) med en
cirkulationspumpe (22) og etablerer en forbindelse mellem koldtvandstilf@rsien
0og varmtvandsudgangen,

en elektrisk varmeindretning (32), der er tilvejebragt inden | trevejssammenta-
ringen, hvor omdirigeringsledningen, varmtvandsudgangsreret eller -gennem-
gangen og varmtvandsudgangen mades, saledes at vand, der forlader instal-
lationen gennem varmtvandsudgangen, under anvendelsen kan stremme 1 lige
meget hvilken retning 1 koldtvandsindgangen og varmtvandsraret eller -gen-
nemgangen, og vand, der treekkes tilbage ved varmtvandsudgangen skal
stremme gennem den elektriske varmeindretning, hvad enten det strammer
fra varmtvandslagerbeholderen og/eller fra omdirigeringskredslabet,

hvor cirkuleringspumpen og den elektriske varmeindretning styres med henblik
pa at opna en forudindstillet/@nsket temperatur ved varmtvandsudgangen,
svarende til temperaturen ved varmtvandsudgangsreret eller -gennemgangen
fra varmtvandslagerbeholderen og temperaturen | omdirigeringskredslabet
med henblik pa at optimere energiforbruget i installationen og eventuelt at boo-
ste vandets temperatur under anvendelse af den elektriske varmeindretning.

2. Installation ifalge krav 1, 1 hvilken omdirigeringskredslabet har en eller flere
varmevekslere (18), der er anbragt til brug for forbindelse med ekstern(e) var-
mekilde(r), og mindst en af varmevekslerne (18) | omdirigeringskredslabet er
anbragt med henblik pa forbindelse med en kilde med lav varme.

3. Installation ifalge krav 1 eller 2, | hvilken en temperatursensor (50) er place-
ret ved varmtvandsudgangsreret eller -gennemgangen (14), og en tempera-
tursensor (52) er anbragt ved varmtvandsudgangen (26) med henblik pa at
administrere vandtemperaturen ved varmtvandsudgangen 26 ved at styre den
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elektriske varmeindretning 32 og cirkulationspumpen 22.

4. Installation if@lge krav 2, som omfatter en temperatursensor (56) | omdirige-
ringsledningen (16) nedstreams for varmeveksleren/varmevekslerne (18), som,
nar den er i brug, ger det muligt for en programmerbar styreenhed at styre
cirkulationspumpen (22) for at maksimere varmetilferslen fra varmeveksle-
ren/varmevekslerne (18) til varmtvandslagerbeholderen (10).

5. Installation ifalge et af de foregaende krav, i hvilkken omdirigeringsledningen
(16) omfatter en kontraventil (44), der er indrettet til at fornindre en baglaens
stramning | omdirigeringsledningen (16).

6. Installation ifalge et af kravene 1 til 5, 1 hvilken cirkulationspumpen (22) er
en positiv fortraengningspumpe.

7. Installation ifelge krav 6, 1 hvilken en programmerbar styreenhed er anbragt
til at styre den positive fortraengningspumpe (22) til at blive vendt om, nar den
er forbundet med varmtvandslagerbeholderen (10), med henblik pa at sterili-
sere varmtvandslagerbeholderen (10) og omdirigeringskredslabet, om n@ad-
vendigt, ved at aktivere den elektriske varmeindretning (32) for at opna en pa-
Kreevet steriliseringstemperatur.

8. Installation ifalge et af de foregaende krav, i hvilken en styreventil (49) er
tilvejebragt | ledningen mellem koldtvandstilferslen (28) og koldtvandsindgan-
gen (12) med henblik pa forbindelse med varmtvandslagerbeholderen (10) og
kan styres med henblik pa at udligne, proportionere eller justere meengden af
vand, der treekkes tilbage henholdsvis fra varmtvandslagerbeholderen (10) og
gennem omdirigeringskredslabet, eller med henblik pa at isolere varmtvands-
lagerbeholderen (10) fra omdirigeringskredslabet med henblik pa en engangs-
gennemgang.

9. Installation Ifalge krav 1, | hvilken en programmerbar styreenhed er tilveje-
bragt til at styre aktiveringen af den elektriske varmeindretning (32) og/eller
cirkulationspumpen (22) som en reaktion pa forudsigelige, forventede eller
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umiddelbart opstaede stremtariffer, eller tilgeengeligheden af sol- eller vindge-

nereret elektricitet med henblik pa at opvarme vand i varmtvandslagerbehol-
deren (10).

10. Installation if@lge krav 9, | hvilken den programmerbare styreenhed er pro-
grammerbar med henblik pa at modtage information vedrarende elektricitets-
tariffer over internettet eller via et elektrisk kredslab med henblik pa at aktivere
den elektriske varmeindretning (32) med henblik pa at anvende lavere tariffer
for at minimere energiomkostningerne til opvarmning af vand | varmtvandsla-
gerbeholderen (10) som et energilager.

11. Installation ifalge et af de foregaende krav, i hvilken trevejssammenfarin-
gen (30) omfatter et kammer, der rummer den elektriske varmeindretning (32),
der er Indrettet til at blive placeret ved udgangen (14) af, greenser op til, eller
er iInkorporeret iInden | varmtvandslagerbeholderen (10).

12. Installation if@lge krav 11, 1 hvilkken kammeret har en yderligere forbindelse
til forbindelse med et ekspansionskar og en trykaflastningsventil.

13. Installation ifelge et af kravene 1 til 12, | hvilken en varmeveksler (60) er
tilvejebragt mellem varmtvandsudgangsreret (14) til forbindelse med varmt-
vandslagerbeholderen (10) og trevejssammenfaringen (30) til forbindelse med
et centralt varmekredslab (62).

14. Installation ifelge et af de foregaende krav, omfattende varmtvandslager-
beholderen.
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Figure 3
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Figure 5
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