WO 2020/210866 PCT/AU2020/050370

Hot water unit supply control systems and methods

Field of the invention

[0001] The invention relates to systems and methods for controlling a supply of water from a hot
water unit.

Background

[0002] Existing hot water units for heating untreated water require the use of temperature sensors

to detect when the water reaches a set point temperature. Once the temperature is detected to be at the
set point temperature, the hot water unit stops heating. The temperature is monitored at times of flow,
and if thresholds are exceeded, then the water is considered to be treated and allowed to continue to
flow. If the temperature drops below the threshold the water supply to the user would be switched to a
back-up safe drinking water supply. Such a system does not consider if the water has previously been
above the threshold for treated water and as a result, there is an under-utilisation of water in the hot

water unit.

[0003] The reference in this specification to any prior publication (or information derived from
it), or to any matter which is known, is not, and should not be taken as an acknowledgment or admission
or any form of suggestion that that prior publication (or information derived from it) or known matter

forms part of the common general knowledge in the field of endeavor to which this specification relates.

[0004] In this context, there is a need for an improved system and method for controlling fluid

supply from a hot water unit.
Summary of the invention

[0005] According to an aspect of the present invention, there is provided a hot water unit fluid
supply control system for a hot water unit, the hot water unit having: a heating system that is operable
in a heating cycle to heat up water in at least a first region of the water unit, and a sensor arrangement
for sensing a temperature of water of the hot water unit, the control system comprising a control unit
configured to: receive operational data relating to an operation of the heating system; receive
temperature data from the sensor arrangement; and allow for a volume of water from the first region to
be released from the hot water unit as treated water or usable water based on: the operational data, and

the temperature data from the sensor arrangement.

[0006] In one example, the heating system preferably includes a heat pump hot water storage
system, and the operational data relates to the operation of one or more components of the heat pump

system. In this example, the operational data preferably relates to an operation of the compressor of the
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heat pump system. The heating system may include a gas-powered hot water storage heating system or

an electric hot water storage heating system.

[0007] The hot water unit fluid supply control system preferably including the sensor
arrangement. The sensor arrangement may include one or more sensors for sensing temperature. The
one or more sensors of the sensor arrangement includes a sensor for measuring a temperature of water
at an outlet of the hot water unit. The control unit is in electrical communication with the one or more

sensors of the sensor arrangement.

[0008] The control unit preferably allows for the volume of water to be released as treated water
or usable water if, after a duration of time has elapsed from when the heating system switches from the
heating-cycle to an idle cycle, the control unit determines, based on the temperature data from the sensor
arrangement, that the temperature of the volume of water is at a set point temperature. The control unit
may allow for the volume of water to be released as treated water or usable water if the temperature of
the volume of water is at one of a plurality of set point temperatures, wherein each of the plurality of
set point temperatures is associated with a period of time. For example, the plurality of set point
temperatures includes a set point temperature of about 60°C having an associated time period of about
32 minutes from an end of the heating system heating-cycle or a start of the heating system idle-cycle.
By way of further example, the plurality of set point temperatures includes a set point temperature of
about 55°C having an associated time period of about 6 hours from an end of the heating system heating-
cycle or a start of the heating system idle-cycle. If, during the associated period of time, the control unit
determines that any water has been drawn from the hot water unit, the volume of water that is allowed
by the control unit to be released from as treated water or usable water is a volume of water drawn from
the hot water unit during the associated period of time subtracted from a total volume of water in the

first region.

[0009] The control unit may have a timer function that is triggered when the heating system
switches from the heating-cycle to an idle cycle for keeping track of the period of time. Where the
control unit is configured to allow for water to be released as treated water or usable water if one of a
plurality of set point temperatures are met, the control unit may have a plurality of timer functions that
are triggered when the heating system switches from the heating-cycle to an idle cycle, each timer
function for keeping track of a period of time associated with one of the plurality set point temperatures.
Alternatively, the control unit may have one timer function to keep track of the different periods of time

associated with the different set point temperatures.

[0010] The control unit may allow for the volume of water to be released as treated water or usable
water if, after at least about 32 minutes has elapsed from when the heating system switches from the

heating-cycle to the idle cycle, the control unit determines that the temperature of the volume of water
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is at least about 60°C. The control unit preferably allows for the volume of water to be released as
treated water or usable water if, after about 32 minutes has elapsed, the control unit determines that the

temperature of the volume of water is at least about 60°C.

[0011] The control unit may allow for the volume of water to be released as treated water or usable
water if, after at least about 6 hours has elapsed from when the heating system switches from the
heating-cycle to the idle cycle, the control unit determines that the temperature of the volume of water
is at least about 55°C. The control unit preferably allows for the volume of water to be released as
treated water or usable water if, after about 6 hours has elapsed, the control unit determines that the

temperature of the volume of water is at least about 55°C.

[0012] The operational data may indicate if the heating system is in an ON-state or OFF-state,
with the ON-state corresponding to when the heating system is in the heating cycle. The OFF-state
corresponds to the heating system being in an idle cycle. Additionally or alternatively, the operational
data may indicate a running voltage or electrical current of the heating system over a period of time,
from which the control unit is able to determine if the heating system is in the heating cycle or an idle

cycle.

[0013] The hot water unit fluid supply control system preferably further includes a current sensor
for monitoring the operation of the heating system and for providing operational data to the control unit.
Where the heating system includes a heat pump hot water storage system and the operational data
includes data relating to the operation of the compressor, the current sensor detects an electrical current

through the compressor of the heat pump when the compressor is in the heating cycle.

[0014] The volume of water in the first region may be about 60% to 70% of the volume of the hot
water unit. For example, for a 300 L volume tank, the volume of water in the first region is about 200

L.

[0015] The heating system may, in some embodiments, include a booster coil for heating water in
a region of the hot water unit. In these embodiments, the control unit is configured to: receive booster
coil data relating to an operation of the booster coil; and allow for a volume of water in the region to be
released from the hot water unit as treated water or usable water based on: the booster coil data, and the
temperature data. The region is preferably of the first region. The region is preferably a region of the
hot water unit near the outlet of the hot water unit. The region may be an upper region of the hot water

unit.

[0016] The control unit preferably allows for the volume of water to be released as treated water
or usable water if, after a duration of time has elapsed from when the booster coil switches from a

heating-cycle to an idle cycle, the control unit determines, based on the temperature data from the sensor
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arrangement, that the temperature of the volume of water is at a set point temperature. The control unit
may allow for the volume of water to be released as treated water or usable water if the temperature of
the volume of water in the region is at one of a plurality of set point temperatures, wherein each of the
plurality of set point temperatures is associated with a period of time. For example, the plurality of set
point temperatures includes a set point temperature of about 60°C having an associated time period of
about 32 minutes from an end of the booster coil heating-cycle or a start of the booster coil idle-cycle.
By way of further example, the plurality of set point temperatures includes a set point temperature of
about 55°C having an associated time period of about 6 hours from an end of the heating system heating-
cycle or a start of the heating system idle-cycle. If, during the associated period of time, the control unit
determines that any water has been drawn from the hot water unit, the volume of water that is allowed
by the control unit to be released from as treated water or usable water is a volume of water drawn from
the hot water unit during the associated period of time subtracted from a total volume of water in the

region.

[0017] The control unit may have a timer function that is triggered when the booster coil switches
from the heating-cycle to an idle cycle for keeping track of the period of time. The timer function may
be the same timer function described previously above. Where the control unit is configured to allow
for water to be released as treated water or usable water if one of a plurality of set point temperatures
are met, the control unit may have a plurality of timer functions that are triggered when the booster coil
switches from the heating-cycle to an idle cycle, each timer function for keeping track of a period of
time associated with one of the plurality set point temperatures. Alternatively, the control unit may have
one timer function to keep track of the different periods of time associated with the different set point

temperatures.

[0018] The control unit may allow for the volume of water to be released from the region as treated
water or usable water if, after at least about 32 minutes has elapsed from when the booster coil switches
from the heating-cycle to the idle cycle, the control unit determines that the temperature of the volume
of water is at least about 60°C. The control unit preferably allows for the volume of water to be released
from the region as treated water or usable water if, after about 32 minutes has elapsed, the control unit
determines that the temperature of the volume of water is at least about 60°C. Preferably, the region
corresponds to an upper region of the hot water unit and the volume corresponds to an upper volume of

water in the tank.

[0019] The control unit may allow for the volume of water to be released from the region as treated
water or usable water if, after at least about 6 hours has elapsed from when the booster coil switches
from the heating-cycle to the idle cycle, the control unit determines that the temperature of the volume
of water is at least about 55°C. The control unit preferably allows for the volume of water to be released

from the region as treated water or usable water if, after about 6 hours has elapsed, the control unit
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determines that the temperature of the volume of water is at least about 55°C. Preferably, the region
corresponds to an upper region of the hot water unit and the volume corresponds to an upper volume of

water in the tank.

[0020] The booster coil data may indicate if the booster coil is in an ON-state or OFF-state, with
the ON-state corresponding to when the booster coil is in the heating cycle. The OFF-state corresponds
to the booster coil being in an idle cycle. Additionally or alternatively, the booster coil data may indicate
a running voltage or electrical current of the booster coil over a period of time, from which the control

unit is able to determine if the booster coil is in the heating cycle or an idle cycle.

[0021] The hot water unit fluid supply control system preferably further includes a current sensor
for monitoring the operation of the booster coil and for providing booster coil data to the control unit.
The current sensor detects an electrical current through the booster coil when the booster coil is in the
heating cycle. The current sensor is preferably the same sensor used to monitor the heating system
operation. For example, where the heating system includes a heat pump system, the current sensor is

the same sensor used to monitor the compressor of the heat pump system.

[0022] The volume of water in the region may be about 15% to 20% of the volume of the tank.

For example, for a 300 L volume tank, the volume of water in the region is about 50 L.

[0023] Preferably, when the control unit is configured to release a volume of water from the hot
water unit, a first inflow of an extra volume of water is caused to be introduced into the hot water unit.
The control unit may be configured to allow the extra volume of water to be released from the hot water
unit as treated water or usable water if, over a period of time after the extra volume of water was
introduced to the hot water unit, the temperature of water is determined by the control unit to be at least

about 55°C. The temperature may be monitored continuously or periodically.

[0024] The control unit may be configured to allow the extra volume of water to be released from
the hot water unit if the temperature of water from the hot water unit is measured to be at least about
55°C for at least about 6 hours from when the extra volume was introduced to the hot water unit. The
control unit is preferably configured to allow the extra volume of water to be released from the hot
water unit based on the temperature of water at an outlet of the hot water unit. The control unit is
preferably configured to track a volume of water released from the hot water unit at predetermined
intervals. The volume of water released from the hot water unit would correspond to the extra volume
of water that is introduced to the hot water unit. The predetermined intervals are preferably at least

about 30 minutes. The predetermined intervals may be at least about 1 hour.

[0025] The control unit may a timer function that is triggered in response to an inflow of a volume

of water into the hot water unit, the control unit being configured to allow the volume of water to be
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released from the hot water unit at treated water or usable water when the timer function indicates that
at least 6 hours has elapsed. The timer function may be the same timer function previously described
above in relation to the compressor operating cycle and/or the same timer function previously described

above in relation to the booster coil operating cycle.

[0026] According to another aspect of the present invention, there is provided a method of
controlling a hot water unit, the hot water unit having: a heating system that is operable in a heating
cycle to heat up water in at least a first region of the water unit, and a sensor arrangement for sensing a
temperature of water of the hot water unit, the method including: receiving, by a control unit, operational
data relating to an operation of the heating system; receiving, by the control unit, temperature data from
the sensor arrangement; and allowing, by the control unit, for a volume of water from the first region to
be released from the hot water unit as treated water or usable water based on: the operational data, and

the temperature data from the sensor arrangement.

[0027] The method preferably has one or more features or method steps corresponding to the

features of the system of the previously described aspect.

[0028] The heating system preferably includes a heat pump hot water storage system, and the
operational data relates to an operation of the compressor of the heat pump system. Alternatively, the
operational data relates to an operation of one or more other components of the heat pump system. The
heating system may include a gas-powered hot water storage heating system or an electric hot water

storage heating system.

[0029] The sensor arrangement preferably includes a sensor for measuring a temperature of water

at an outlet of the hot water unit.

[0030] Preferably, the method includes allowing, by the control unit, the volume of water to be
released as treated water or usable water if, after a duration of time has elapsed from when the heating
system switches from the heating-cycle to an idle cycle, the control unit determines, based on the
temperature data from the sensor arrangement, that the temperature of the volume of water is at a set
point temperature. The method may include allowing, by the control unit, for the volume of water to be
released as treated water or usable water if the temperature of the volume of water is at one of a plurality
of set point temperatures, wherein each of the plurality of set point temperatures is associated with a
period of time. For example, the plurality of set point temperatures includes a set point temperature of
about 60°C having an associated time period of about 32 minutes from an end of the heating system
heating-cycle or a start of the heating system idle-cycle. By way of further example, the plurality of set
point temperatures includes a set point temperature of about 55°C having an associated time period of

about 6 hours from an end of the heating system heating-cycle or a start of the heating system idle-
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cycle. The method preferably includes determining, by the control unit, if, during the associated period
of time, any water is drawn from the hot water unit, such that the volume of water allowed by the control
unit to be released from as treated water or usable water is a volume of water drawn from the hot water

unit during the associated period of time subtracted from a total volume of water in the first region.

[0031] The control unit may have a timer function and the method preferably includes triggering
the timer function when the heating system switches from the heating-cycle to an idle cycle for keeping
track of the period of time. Where the control unit is configured to allow for water to be released as
treated water or usable water if one of a plurality of set point temperatures are met, the control unit may
have a plurality of timer functions that are triggered when the heating system switches from the heating-
cycle to an idle cycle, each timer function for keeping track of a period of time associated with one of
the plurality set point temperatures. Alternatively, the control unit may have one timer function to keep

track of the different periods of time associated with the different set point temperatures.

[0032] The method may include allowing, by the control unit, for the volume of water to be
released and treated water or usable water if, after at least about 32 minutes has elapsed from when the
heating system switches from the heating-cycle to the idle cycle, the control unit determines that the
temperature of the volume of water is at least about 60°C. The method preferably includes allowing, by
the control unit, for the volume of water to be released and treated water or usable water if, after about
32 minutes has elapsed, the control unit determines that the temperature of the volume of water is at

least about 60°C.

[0033] The method may include allowing, by the control unit, for the volume of water to be
released and treated water or usable water if, after at least about 6 hours has elapsed from when the
heating system switches from the heating-cycle to the idle cycle, the control unit determines that the
temperature of the volume of water is at least about 55°C. The method preferably includes allowing, by
the control unit, for the volume of water to be released and treated water or usable water if, after about
6 hours has elapsed, the control unit determines that the temperature of the volume of water is at least

about 55°C.

[0034] The heating system may, in some embodiments, have a booster coil for heating water in a
region of the tank. In these embodiments, the method includes: receiving, by the control unit, booster
coil data relating to an operation of the booster coil; and allowing, by the control unit, for a volume of
water in the region to be released from the hot water unit as treated water or usable water based on: the

booster coil data, and the temperature data.

[0035] Preferably, the method includes allowing, by the control unit, for the volume of water to

be released as treated water or usable water if, after a duration of time has elapsed from when the booster
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coil switches from a heating-cycle to an idle cycle, the control unit determines, based on the temperature
data from the sensor arrangement, that the temperature of the volume of water is at a set point
temperature. The method may include allowing, by the control unit, for the volume of water to be
released as treated water or usable water if the temperature of the volume of water is at one of a plurality
of set point temperatures, wherein each of the plurality of set point temperatures is associated with a
period of time. For example, the plurality of set point temperatures includes a set point temperature of
about 60°C having an associated time period of about 32 minutes from an end of the booster coil heating-
cycle or a start of the booster coil idle-cycle. By way of further example, the plurality of set point
temperatures includes a set point temperature of about 55°C having an associated time period of about
6 hours from an end of the booster coil heating-cycle or a start of the booster coil idle-cycle. The method
preferably includes determining, by the control unit, if, during the associated period of time, any water
is drawn from the hot water unit, such that the volume of water allowed by the control unit to be released
from as treated water or usable water is a volume of water drawn from the hot water unit during the

associated period of time subtracted from a total volume of water in the region.

[0036] The control unit may have a timer function and the method includes triggering the timer
function when the booster switches from the heating-cycle to an idle cycle for keeping track of the
period of time. The timer function may be the same timer function described previously above. Where
the control unit is configured to allow for water to be released as treated water or usable water if one of
a plurality of set point temperatures are met, the control unit may have a plurality of timer functions
that are triggered when the booster coil switches from the heating-cycle to an idle cycle, each timer
function for keeping track of a period of time associated with one of the plurality set point temperatures.
Alternatively, the control unit may have one timer function to keep track of the different periods of time

associated with the different set point temperatures.

[0037] The method may include allowing, by the control unit, for the volume of water to be
released from the region as treated water or usable water if, after at least about 32 minutes has elapsed
from when the booster coil switches from the heating-cycle to the idle cycle, the control unit determines
that the temperature of the volume of water is at least about 60°C. The method preferably includes
allowing, by the control unit, for the volume of water to be released from the region as treated water or
usable water if, after about 32 minutes has elapsed, the control unit determines that the temperature of
the volume of water is at least about 60°C. Preferably, the region corresponds to an upper region of the

hot water unit and the volume corresponds to an upper volume of water in the tank.

[0038] The method may include allowing, by the control unit, for the volume of water to be
released from the region as treated water or usable water if, after at least about 6 hours has elapsed from
when the booster coil switches from the heating-cycle to the idle cycle, the control unit determines that

the temperature of the volume of water is at least about 55°C. The method preferably includes allowing,
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by the control unit, for the volume of water to be released and treated water or usable water if, after
about 6 hours has elapsed, the control unit determines that the temperature of the volume of water is at
least about 55°C. Preferably, the region corresponds to an upper region of the hot water unit and the

volume corresponds to an upper volume of water in the tank.

[0039] Preferably, when the control unit causes a volume of water to be released from the hot
water unit, a first inflow of an extra volume of water is caused to be introduced into the hot water unit.
The method may further include allowing, by the control unit, for the extra volume of water to be
released from the hot water unit as treated water or usable water if, over a period of time after the extra
volume of water was introduced to the hot water unit, the temperature of water is determined by the

control unit to be at least about 55°C. The temperature may be monitored continuously or periodically.

[0040] The method may include allowing, by the control unit, the extra volume to be released
from the hot water unit if the temperature of water from the hot water unit is measured to be at least
about 55°C for at least about 6 hours from when the extra volume was introduced to the hot water unit.
The method may include allowing, by the control unit, the extra volume of water to be released from
the hot water unit based on the temperature of water at an outlet of the hot water unit. The control unit
is preferably configured to track a volume of water released from the hot water unit at predetermined
intervals. The volume of water released from the hot water unit would correspond to the extra volume
of water that is introduced to the hot water unit. The predetermined intervals are preferably at least

about 30 minutes. The predetermined intervals may be at least about 1 hour.

[0041] The control unit may a timer function and the method includes triggering the timer function
in response to an inflow of a volume of water into the hot water unit, the control unit being configured
to allow the volume of water to be released from the hot water unit at treated water or usable water

when the timer function indicates that at least 6 hours has elapsed.
Brief description of the drawings

[0042] The invention will now be described, by way of non-limiting example only, with reference

to the accompanying drawing, in which:

Figure 1 is a schematic view of an installation according to an embodiment of the present

invention.
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Detailed description

[0043] Figure 1 illustrates an installation 100 for controlling a hot water unit, and in particular,
controlling a fluid supply from the hot water unit. The installation 100 is deployed at a building such as
a commercial or residential building, and is for providing a hot water supply to the building. The

building has a roof and gutter for collecting water, such as rainwater, from the roof.

[0044] Water from the roof or water collected in the gutter is conveyed to a supplementary tank
(or a rainwater tank) 110. Water, e.g. rainwater, stored in the supplementary tank is typically used for
the purposes such as toilet flushing, clothes laundering or garden watering. That water is rarely used for
other purposes involving human contact due primarily to a concern that untreated water is not safe as it

is unpasteurised and may be contaminated with bacteria, such as Legionella bacteria.

[0045] Water needs be maintained at about 55°C for at least about 6 hours or maintained at about
60°C for at least about 32 minutes in order to be treated or usable water and fit for purpose. Any harmful
bacteria would be significantly reduced in the water that is maintained at either of these set point
temperatures for the respective period of time. Treated water/usable water would be safe for human

contact purposes such as showering, bathing, and cleaning purposes.

[0046] The installation 100 also includes a water source 120 that is separate from the
supplementary tank 110. The water source 120 supplies drinking water from a water company for

example.

[0047] The installation 100 has a hot water unit (or hot water tank) 130 coupled to and in fluid
communication with the supplementary tank 110. The hot water unit 130 is also coupled to and in fluid
communication with the water source 120. The hot water unit 130 typically has a volume, or capacity,

of 300L. The hot water unit may have other volumes.

[0048] The installation 100 has an outlet temperature sensor fitted to a heat trap in an outlet at the
top of the tank. A temperature reading may be obtained from the outlet temperature sensor about every

100ms.

[0049] The installation 100 has a heating system, which in this embodiment, includes a heat pump
heating system 140. In other embodiments, the heating system may include a gas-powered heating
system or an electric heating system. The heat pump system 140 typically operates on a configured
control temperature set point of 60°C. The heat pump heating system has a compressor for compressing
a refrigerant thereby causing the refrigerant to generate heat, and a heat exchanger through which the
refrigerant from the compressor and water from the hot water unit circulates such that the refrigerant

heats the water circulating through the heat exchanger. The compressor is operable between a heating
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state (or heating cycle) in which it compresses the refrigerant and a non-heating state (or an idle cycle)
in which it does not compress the refrigerant. The heating cycle typically begins when the water
temperature is below about 55°C and typically stops when the temperature reaches about 60°C. In the
heating state, the compressor is operated to compress and thereby heat the refrigerant, which is then
used to heat the water in the hot water unit 130 The compressor is operated to cause the refrigerant to
heat up as long as the temperature of the water in the hot water unit is determined, based on the
temperature sensor(s), to be below about 55°C. The heat pump heating system 140 is for heating water
in a first region of the hot water unit. Heat losses (e.g. heat losses to the environment) are taken into
account when measuring the temperature of the water. The heat losses can account for variations up to
about 5°C in the water temperature. For example, the variations may be between about 2°C and about
4°C. The volume of water in the first region is about 60% to 70% of the volume of the tank. For example,
for a 300 L volume tank, the volume of water in the first region is about 200 L. The heat pump system

140 may be part of the hot water unit 130.

[0050] The installation 100 has a sensor located at or near the compressor for determining an
operation state or an operating cycle of the compressor. Data from this sensor can be used to determine
whether the compressor is in the heating state or in the non-heating state. The sensor is a current sensor
for example that detects an electrical current through the compressor during operation of the
compressor. In other embodiments, the sensor is a voltage sensor for measuring a voltage across the

CoOmpressor.

[0051] The installation 100 includes a booster coil 150 for heating water in a region of the hot
water unit. After the heat pump system heats up the water in the hot water unit to the one of
predetermined set point temperatures described above for the associated duration of time, the heat pump
system would go into an idle (or non-heating) state and the water in the hot water unit would slowly
cool down. When there has been significant usage of water of the hot water unit and the unit is
substantially filled with new cold water, the booster coil 150 may be activated to heat up water in the
hot water unit quickly (faster than the heat pump system) before being conveyed for usage. The booster
coil may for example activate when the water in the second region drops below about 50°C and turns
off when the temperature reaches the set point. This region is of the first region and at the top of the
first region. In particular, the region is an upper region of the hot water unit. The booster coil 150 is
located in the second region of the hot water unit 130 and heats up the water in that region when an
electrical current passes through the booster coil. The booster coil is operable between a heating state
(or heating cycle) in which it heats up water in the region and a non-heating state (or an idle cycle) in
which it does not perform any heating function. The volume of water in the region is about 15% to 20%
of the volume of the tank. For example, for a 300 L volume tank, the volume of water in the region is

about 50 L.

11
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[0052] The sensor for determining an operation state of the booster coil is preferably the same
sensor used for determining the operation state of the compressor, and can distinguish the two
operations. Data from the sensor can be used to determine whether the booster coil is in the heating
state (in which it is heating the water in the second region) or in the non-heating state (in which it is not
heating water in the second region). The sensor is a current sensor, for example, that detects an electrical
current through the booster coil during operation of the booster coil. In particular, based on the electrical
current measurements, the control unit can determine if the booster coil and heat pump system is
operating or if only the heat pump system is operating with the booster coil switched off. In other

embodiments, the sensor is a voltage sensor for measuring a voltage across the compressor.

[0053] The installation 100 has an outlet that releases water from the hot water unit into the
building.
[0054] The installation 100 further has an inlet that allows an inflow of water to the hot water unit.

[0055] The installation 100 further includes a switching device 160 for selectively switching
between the supplementary tank 110 and the water source 120. The switching device 160 has a first
state in which the switching device allows fluid communication from the supplementary tank to the hot
water unit, and a second state in which the switching device allows fluid communication from the water
source to the hot water unit. In the first state, fluid communication from the water source to the hot
water unit is substantially blocked. In the second state, fluid communication from the supplementary
tank to the hot water unit is substantially blocked. The switching device 160 may be the switching
device described in the International Patent Publication WO 2017/210750 A1 of PCT application no.
PCT/AU2017/050579 (in the name of South East Water Corporation), the entire contents of which are

incorporated herein by reference.

[0056] A further switching device may be included after the hot water system outlet whereby it

can completely bypass the hot water system with water from the water source 120.

[0057] The installation 100 includes a control unit 170 for receiving data from the temperature
sensors, the compressor data relating to operation of the compressor of the heat pump heating system
140, the booster coil data relating to the operation of the booster coil 150. The control unit 170 is
operable to monitor the operation of components of installation including components of the hot water
unit 130 the heat pump heating system 140, the booster coil 150, and the temperature sensors. The
control unit in some embodiments may be configured to also control the switching device 160 or other
bypass devices. The control unit 170 has one or more processors that are configured to perform one or
more operations. The control unit 170 further includes computer readable medium (e.g. a database, a

data storage or data memory) containing computer-executable instructions that, when executed by the
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processor(s) of the control unit 170, cause the processor(s) to control the components of the installation
system and to perform the functions described below. The control unit may be independent or may be

in communication with a central system for operations and data storage or memory.

[0058] When the control unit 170 determines, from the compressor data or the booster coil data,
that the compressor or booster coil is in the non-heating state, the control unit 170 checks the
temperature of the water in the hot water unit. If the control unit 170 determines that the temperature of
water, particularly the temperature of the water at the outlet, is at least about 60°C after at least 32
minutes, the control unit 170 is configured to allow for a volume of water to be released from the hot

water unit as treated or usable water.

[0059] If the control unit 170 determines that the temperature of water, particularly temperature
of the water at the outlet, drops below 60°C after 32 minutes but is above at least about 55°C, the control
unit 170 is configured to allow for a volume of water to be released from the hot water unit as treated

or usable water if it is determined that the temperature of water is about 55°C after 6 hours.

[0060] On the other hand, if the control unit 170 determines that the temperature of water,
particularly the temperature of water at the outlet, drops below 55°C, then the control unit 170 is

configured to cause the switching device 160 or other bypass device to be activated.

[0061] The control unit 170 implements one or more timer functions to keep track of time before
releasing water from the hot water unit. When the control unit 170 determines that the compressor or
booster coil is not in the heating state, the control unit 170 is configured to trigger a first timer function.
If, once the first timer function reaches 32 minutes, the control unit 170 determines that the temperature
is at least about 60°C, the control unit 170 releases a volume of water from the hot water unit as treated
or usable water and resets the timer. On the other hand, if the control unit 170 determines that the
temperature is below 60°C but at least about 55°C, the first timer function continues to count. If, once
the first timer function reaches 6 hours, the control unit 170 determines that the temperature is at least
about 55°C, the control unit 170 releases a volume of water from the hot water unit as treated water or
usable water and resets the timer. A second timer function may be used, that runs in parallel with the
first timer, to keep track of when 6 hours has elapsed. Further alternatively, the operation of the booster
coil may trigger one or more timer functions that is/are separate from one or more timer functions that

are triggered by the operation of the compressor.

[0062] If a volume of water has been previously heated in the hot water unit to the predetermined
set point temperature and maintained at that set point temperature for the associated duration of time,
and that volume of water subsequently cools down, the control unit allows the user to draw this water

from the hot water unit as treated or usable water without having to reheat and maintain this volume of
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water at the set point temperature. If, during the associated period of time (e.g. during the 32 minutes
period after the compressor turns off), the control unit determines that any of this previously heated
volume of water has been drawn from the hot water unit, the volume of water that is allowed by the
control unit to be released from as treated water or usable water would be the volume of water drawn
from the hot water unit during the associated period of time subtracted from a total volume of water in
the first region. Thereby, the system allows for better utilisation of the water from the supplementary
tank by taking into account the water that had been previously heated and held at the set point

termperature despite the lower exit temperature.

[0063] The control unit 170 can be configured to monitor the temperature of water in the hot water
unit independent of the heat pump cycle. A total volume of water that is released from the hot water
unit is measured in 30 minute intervals. If the temperature of freshly introduced cold water in the hot
water unit is at least about 55°C for more than about 6 hours, that water is added to the usable volume
that is allowed by the control unit to be released as treated or usable water. Temperature gradients will
occur in the hot water unit. For operational control the temperature within the heat pump unit is
quantified or discretised into different distinct zones or layers with each zone or layer being composed
of water having a temperature lying within a distinct temperature range. The hot water unit for example
may have up to six zones. A volume of cold water introduced to the hot water unit remains at a bottom
of the hot water unit below the heated water. This volume of water would heat up when the heating
system is in a heating cycle. As the control unit releases one or more volumes of water from the hot
water unit, one or more new volumes of cold water would be introduced into the hot water unit, causing
the heated volume of water to rise towards the outlet. When the water control unit determines that the
heated volume of water has been in the hot water unit for at least 6 hours and the outlet temperature
was measured to be at least 55°C during that 6 hours, the control unit is configured to allow this volume

of water to be released from the hot water unit as treated or usable water.

[0064] In some embodiments of the present invention, the control unit 170 may be in
communication with a solar energy monitoring system that monitors solar energy collected by a solar
energy collection system. In these embodiments, the hot water unit is configured to receive energy for
water heating purposes from the solar energy system. In the event that the control unit 170 detects an
excess solar energy generation from the solar energy system, which would be detected based on
measurements/readings from an energy meter to the building and a current transducer of the solar energy
monitoring system that monitors the solar energy generation by the solar energy system, the control
unit 170 is configured to cause the excess solar energy to be stored in the hot water unit. In particular,
the control unit 170, in the event of excess solar energy being detected, is configured to transmit a
control signal to the heat pump system and/or booster coil to cause the heat pump system and/or booster

coil to heat the water in the tank. In a particular example, the control unit 170 is configured to cause the
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excess solar energy from the solar energy system to be used to heat a volume of the water in the hot

water unit to a higher set point temperature, which is greater than 60°C, for example about 65°C.

[0065] While various embodiments of the present invention have been described above, it should
be understood that they have been presented by way of example only, and not by way of limitation. It
will be apparent to a person skilled in the relevant art that various changes in form and detail can be
made therein without departing from the spirit and scope of the invention. Thus, the present invention

should not be limited by any of the above described exemplary embodiments.

[0066] Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise", and variations such as "comprises" and "comprising”, will be
understood to imply the inclusion of a stated integer or step or group of integers or steps but not the

exclusion of any other integer or step or group of integers or steps.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A hot water unit fluid supply control system for a hot water unit, the hot water unit having:
a heating system that is operable in a heating cycle to heat up water in at least a first
region of the water unit, and
a sensor arrangement for sensing a temperature of water of the hot water unit,
the control system comprising a control unit configured to:
receive operational data relating to an operation of the heating system;
receive temperature data from the sensor arrangement; and
allow for a volume of water from the first region to be released from the hot water unit
as treated water or usable water based on:
the operational data, and

the temperature data from the sensor arrangement.

2. The hot water unit fluid supply control system of claim 1, wherein the heating system includes
a heat pump system, and the operational data relates to the operation of one or more components

of the heat pump system.

3. The hot water unit fluid supply control system of claim 2, wherein the operational data relates

to an operation of a compressor of the heat pump system.

4. The hot water unit fluid supply control system of any one of claims 1 to 3, further including the
sensor arrangement, wherein the sensor arrangement includes one or more sensors for sensing

temperature.

S. The hot water unit fluid supply control system of claim 4, wherein the one or more sensors of
the sensor arrangement includes a sensor for measuring a temperature of water at an outlet of

the hot water unit.

6. The hot water unit fluid supply control system of any one of claims 1 to 5, wherein the control
unit allows for the volume of water to be released as treated water or usable water if, after a
period of time has elapsed from when the heating system switches from the heating-cycle to an
idle cycle, the control unit determines, based on the temperature data from the sensor
arrangement, that the temperature of the volume of water is at one of a plurality of set point
temperatures, each set point temperature of the plurality of set point temperatures having an

associated period of time.

1. The hot water unit fluid supply control system of claim 6, wherein the control unit determines

if, during the associated period of time, any water is drawn from the hot water unit and the
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volume of water allowed by the control unit to be released from as treated water or usable water
is a volume of water drawn from the hot water unit during the associated period of time

subtracted from a total volume of water in the first region.

The hot water unit fluid supply control system of claim 7, wherein the plurality of set point
temperatures includes a set point temperature of about 60°C having an associated period of time

of about 32 minutes.

The hot water unit fluid supply control system of any one of claims 6 to 8, wherein the plurality
of set point temperatures includes a set point temperature of about 55°C having an associated

time period of about 6 hours.

The hot water unit fluid supply control system of any one of claims 1 to 9, further including a
current sensor for monitoring the operational data of the heating system and for providing

operational data to the control unit.

The hot water unit fluid supply control system of any one of claims 1 to 10, wherein the volume

of water in the first region is about 60% to 70% of the volume of the hot water unit.

The hot water unit fluid supply control system of any one of claims 1 to 6, wherein the heating
system includes a booster coil for heating water in a region of the hot water unit, and the control
unit is configured to:
receive booster coil data relating to an operation of the booster coil; and
allow for a volume of water from the region to be released from the hot water unit as
treated water or usable water based on
the booster coil data, and

the temperature data.

The hot water unit fluid supply control system of claim 12, wherein the control unit allows for
the volume of water to be released as treated water or usable water if, after a period of time has
elapsed from when the booster coil switches from a heating-cycle to an idle cycle, the control
unit determines, based on the temperature data from the sensor arrangement, that the
temperature of the volume of water in the region is at one of a plurality of set point temperatures,
each set point temperature of the plurality of set point temperatures having an associated period

of time.

The hot water unit fluid supply control system of claim 13, wherein the plurality of set point
temperatures includes a set point temperature of about 60°C having an associated time period

of about 32 minutes.
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The hot water unit fluid supply control system of claim 13 or 14, wherein the plurality of set
point temperatures includes a set point temperature of about 55°C having an associated time

period of about 6 hours.

The hot water unit fluid supply control system of any one of claims 12 to 15, further including
a current sensor for monitoring the operation of the booster coil and for providing booster coil

data to the control unit.

The hot water unit fluid supply control system of any one of claims 12 to 16, wherein the

volume of water in the region is about 15% to 20% of the volume of the hot water unit.

The hot water unit fluid supply control system of any one of claims 1 to 17, wherein when the
control unit is configured to release a volume of water from the hot water unit, a first inflow of
an extra volume of water is caused to be introduced into the hot water unit, wherein the control
unit is configured to allow the extra volume of water to be released from the hot water unit as
treated water or usable water if, over a period of time after the extra volume of water was
introduced to the hot water unit, the temperature of water is determined by the control unit to

be at least 55°C.

The hot water unit fluid supply control system of claim 18, wherein the control unit allows the
extra volume to be released from the hot water unit if the temperature of water from the hot
water unit is measured to be at least about 55°C for at least about 6 hours from when the extra

volume was introduced to the hot water unit.

A method of controlling a hot water unit, the hot water unit having:
a heating system that is operable in a heating cycle to heat up water in at least a first
region of the water unit, and
a sensor arrangement for sensing a temperature of water of the hot water unit,

the method including:
receiving, by a control unit, operational data relating to an operation of the heating
system;
receiving, by the control unit, temperature data from the sensor arrangement; and
allowing, by the control unit, for a volume of water from the first region to be released
from the hot water unit as treated water or usable water based on:

the operational data, and

the temperature data from the sensor arrangement.

The method of claim 20, wherein the hot water unit is the hot water unit of the hot water unit

fluid supply control system of any one of claims 1 to 19.
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The method of claim 20 or 21, wherein the heating system includes a heat pump system, and
the operational data relates to an operation of a compressor of the heat pump system or of one

or more other components of the heat pump system.

The method of any one of claims 20 to 22, wherein the sensor arrangement includes a sensor

for measuring a temperature of water at an outlet of the hot water unit.

The method of claim 20 or 23, further including: allowing, by the control unit, for the volume
of water to be released as treated water or usable water if the temperature of the volume of
water is at one of a plurality of set point temperatures, wherein each of the plurality of set point

temperatures is associated with a period of time.

The method of claim 24, wherein the method includes determining, by the control unit, if,
during the associated period of time, any water is drawn from the hot water unit; and wherein
the volume of water allowed by the control unit to be released from as treated water or usable
water is a volume of water drawn from the hot water unit during the associated period of time
subtracted from a total volume of water in the first region. 26.  The method of claim 24 or
25, wherein the plurality of set point temperatures includes a set point temperature of about

60°C having an associated time period of about 32 minutes.

The method of any one of claims 24 to 26, wherein the plurality of set point temperatures
includes a set point temperature of about 55°C having an associated time period of about 6

hours.

The method of any one of claims 20 to 27, wherein the heating system a booster coil for heating
water in a region of the hot water unit, and the method includes:
receiving, by the control unit, booster coil data relating to an operation of the booster
coil; and
allowing, by the control unit, for a volume of water from the region to be released from
the hot water unit as treated water or usable water based on:
the booster coil data, and

the temperature data.

The method of claim 28, further including allowing, by the control unit, for the volume of water
to be released as treated water or usable water if the temperature of the volume of water is at
one of a plurality of set point temperatures, wherein each of the plurality of set point

temperatures is associated with a period of time.
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30. The method of claim 29, wherein the plurality of set point temperatures includes a set point

temperature of about 60°C having an associated time period of about 32 minutes.

31. The method of claim 29 or 30, wherein the plurality of set point temperatures includes a set

point temperature of about 55°C having an associated time period of about 6 hours.

32. The method of any one of claims 20 to 31, wherein when the control unit causes a volume of
water to be released from the hot water unit, a first inflow of an extra volume of water is caused
to be introduced into the hot water unit, the method further including:

allowing, by the control unit, for the extra volume of water to be released from the hot
water unit as treated water or usable water if, over a period of time after the extra
volume of water was introduced to the hot water unit, the temperature of water is

determined by the control unit to be at least 55°C.

33. The method of claim 32, further including:
allowing, by the control unit, the extra volume to be released from the hot water unit if
the temperature of water from the hot water unit is measured to be at least about 55°C
for at least about 6 hours from when the extra volume was introduced to the hot water

unit.
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