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(57) Abstract: A method of heating and/or cooling an area to a desired temperature comprising using a heat pump having an evapor -
ator, a compressor, a condenser and an expansion control means each connected by a refrigerant pipe work system and the method
comprising monitoring the temperature of an environment in which the evaporator is operating and using a system controller to vary
in response to the monitored temperature, the temperature at which gas condenses to a fluid within the condenser to keep it as low as
possible whilst maintaining the condensing temperature a predetermined amount above the desired temperature and/or also varying
in response to the monitored temperature, the temperature at which a liquid expands to a gas within the evaporator in order to reduce
the difference between the evaporating and condensing temperatures.
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HEATING AND/OR COOLING SYSTEM AND RELATED METHODS

Field of the invention

This invention relates to a heating and/or cooling system and related methods. In
particular, but not exclusively, the heating and/or cooling system is a building heating
and/or cooling system which may typically be arranged to heat and/or cool all types of
building, including swimming pools, vehicles and also the water of swimming pools,

which may be outside.

Background of the invention

In the present world order, there is an ever increasing desire to increase the efficiency
of systems in order to reduce their energy consumption. Heating systems are no
exception to this rule and indeed, since such heating systems tend to consume large
amounts of energy, there may be a particular desire to increase the efficiency of such

systems.

It is known to use heat pumps operating a thermodynamic cycle in order to heat and/or
cool environments, such as a building or the like. Such systems are advantageous in
two respects. One, they can provide both heating within the system and systems
typically include valves to allow reversing from heating or visa versa to occur. Two,
they use energy input to the system to move heat energy from a heat source to a heat
sink, or visa versa, where the energy moved can be greater, perhaps substantially, than

the energy input to the system.

Summary of the invention

According to a first aspect there is provided a heating and/or cooling system

comprising at least one of the following:

a heat pump having a compressor, a condenser, an evaporator, and an

expansion control means each connected by a refrigerant pipe work system;
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a heating pipe work system arranged to circulate a medium through a
condenser of a refrigerant pipe work system thereby exchanging heat between
refrigerant within the refrigerant pipe work system and the medium within the

heating pipe work system;

a heat emitter arranged to emit heat from a medium;

a temperature sensor arranged to monitor the temperature of the environment
in which an evaporator/condenser is operated to extract heat and the

temperature sensor being arranged to generate a temperature output;

a system controller arranged to have input thereto a temperature output from a
temperature sensor and further arranged to control the rate of flow of a
medium through the condenser and to control an expansion means to vary the
temperature at which the fluid within a refrigerant pipe work system

evaporates in response to the temperature output.

Typically, the medium flowing through the heating system is a heating medium.

In a cooling system the positions of the condenser and the evaporator are reversed and
the medium flowing in the heating system may then be thought of as a cooling
medium. However, the skilled person will appreciate that the refrigerant pipe work

system is a mechanism for moving heat in either a cooling or heating system.

In a system that is reversible between a heating and a cooling system then the system
may have modifications to the refrigerant pipe work system but the skilled person will

appreciate how to do this.

Generally, the system controller is arranged to control the rate of flow of the medium
in the heating pipe work system to control the temperature at which the fluid within
the refrigerant pipe work system condenses within the condenser (ie the condensing

temperature).

In particular, the system controller may be arranged to vary the condensing

temperature according to the temperature output of the temperature sensor.
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That is, the system controller may be arranged to vary, from time to time, the
condensing temperature in response to the temperature output of the temperature
sensor. From time to time may be in real-time, or in substantially real time, or it may
mean periodically. The period between variations may be for example, substantially
any of the following: 10seconds; 20 seconds; 30 seconds; 45 seconds; lminutes; 2

minutes; Sminutes; 10 minutes; 30 minutes or the like.

Typically, the evaporator is arranged to extract heat from the outside air and as such
the temperature sensor may be arranged to measure outside air temperature. Such a

system would typically be referred to as an air source heat pump.

In alternative or additional embodiments, the evaporator may be arranged to use heat
held within the ground and as such be referred to as a ground source heat pump. In
such an embodiment, the temperature sensor may be arranged to measure the
temperature of the ground. The skilled person will appreciate that the possible
fluctuation in air temperature is likely to be greater than the possible fluctuation in
ground temperature. As such, the invention may find more utility with as an air source
heat pump but this does not mean that it will not find utility with other sources of

heat.

Generally, the system controller is arranged to control the evaporator in order to
control the evaporating temperature (ie the temperature at which liquid within the
refrigerant pipe work system changes to a gas). The skilled person will appreciate that

this is achieved by controlling the pressure at under which the evaporation occurs.

In particular, the system controller may be arranged to vary the evaporating

temperature according to the temperature output of the temperature sensor.

That is, the system controller may be arranged to vary, from time to time, the
evaporating temperature in response to the temperature output of the temperature
sensor. From time to time may be in real-time, or in substantially real time, or it may
mean periodically. The period between variations may be for example, substantially
any of the following: 10seconds; 20 seconds; 30 seconds; 45 seconds; lminutes; 2

minutes; Sminutes; 10 minutes; 30 minutes or the like.
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The system controller may be arranged to vary the evaporating and condensing

temperatures using the same period.

Typically, the system controller is arranged to maintain the condensing temperature as
low as possible. In this context, as low as possible may mean at least one of the

following:

1. low enough to ensure that complete condensation of the gas to a liquid

occurs within the condenser;

ii. a predetermined amount above a temperature that the heating system is

maintaining, thereby allowing for heat exchange losses; and

ii. leaving sufficient margin above the temperature the heating system is
maintaining to ensure that complete condensation of the gas to a liquid occurs

within the condenser.

The predetermined amount that the condensing temperature is held above the
temperature that the heating system is maintaining may be substantially any of the

following: 3 °C, 4°C, 5°C, 6°C, 7°C, 8°C, 9°C, 10°C, 11°C, 12 °C or more.

Further, the system controller is arranged to maintain the evaporating temperature as
high as possible. In this context, as high as possible may mean at least one of the

following:

1. as close to the temperature of environment in which the temperature
sensor is provided whilst allowing complete evaporation of the liquid entering

the evaporator; and

ii. a predetermined amount below the temperature of the environment in
which the temperature sensor is provided, thereby allowing for heat exchange

losses.



10

15

20

25

30

35

WO 2012/107770 PCT/GB2012/050290

The predetermined amount that the evaporating temperature is held below the
temperature of the environment may be substantially any of the following: 3 °C, 4°C,

5°C, 6°C, 7°C, 8°C, 9°C, 10°C, 11°C, 12°C or more.

That is, the system controller may be arranged to reduce the gap between the

condensing and evaporating temperature whilst allowing the heat pump to operate.

The condenser may comprise a heat exchanger arranged to extract heat from the

refrigerant within the refrigerant pipe work system.

The evaporator may comprise a heat exchanger arranged to transfer heat to the

medium within the heating pipe work system.

The heating pipe work system may comprise a heat exchanger arranged to transfer
heat from the medium within the heating pipe work system to the area to be heated,
typically the inside of a building or the like; or may be to heat water within a

swimming pool.

The heating pipe work system may comprise a pump arranged to pump medium around
the heating pipe work system. The pump may be of variable speed thereby allowing

control of the condensing temperature.

The heating pipe work system may comprise a by-pass pipe arranged to allow medium
(ie a fluid) to by-pass the heating exchanger of the heating pipe work system. The
heating pipe work system may also comprise a valve arranged to control the amount of

medium allowed to flow through the by-pass pipe.

In some embodiments, the heating pipe work system may be arranged to heat a
swimming pool. In such embodiments, the water within the swimming pool may be
circulated through a heat exchanger forming part of the refrigerant pipe work system.
In other embodiments, a further heat exchanger may be provided in order to move heat

from the heating pipe work system to water within the swimming pool.

The system controller may be further arranged to control the rate of flow of the

medium within the heating pipe work system through the condenser as a function of
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variables in addition to the temperature output. For example, these variables may
include any one or more of the following: the thermal characteristics of a building
heated by the heating system; the temperature characteristics a heat exchanger

associated with the medium within the heating pipe work system.

Embodiments of the invention may be arranged to control the expansion means as a
function of a variable in addition to the temperature output. For example, these
variables may include the characteristics of a heat exchanger associated with the

evaporator.

According to a second aspect of the invention there is provided a method of increasing
the efficiency of a heat pump having an evaporator, a compressor, a condenser and an
expansion control means each connected by a refrigerant pipe work system comprising
monitoring the temperature in which a evaporator is operating and using a system
controller to vary, from time to time, the temperature at which gas condenses to a
fluid within the condenser and also varying, from time to time, the temperature at
which a liquid expands to a gas within the evaporator in order to reduce the difference

between the evaporating and condensing temperatures.

Conveniently, the method may also take into account variations in the efficiency of

the condenser and evaporator as the temperature at which they operate varies.

According to a third aspect of the invention there is provided a machine readable
medium containing instructions which when read by a machine cause that computer to
perform as the system of the first aspect of the invention or cause that machine to

provide the method of the second aspect of the invention.

In any of the above aspects of the invention the machine readable medium may
comprise any of the following: a floppy disk, a CD ROM, a DVD ROM / RAM
(including a -R/-RW and + R/+RW), a hard drive, a solid state memory (including a
USB memory key, an SD card, a Memorystick' ", a compact flash card, or the like), a
tape, any other form of magneto optical storage, a transmitted signal (including an

Internet download, an FTP transfer, etc), a wire, or any other suitable medium.
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The skilled person will appreciate that a feature discussed in relation to one of the
above aspects of the invention may be applied, mutatis mutandis, to the other of the

aspects of the invention.

Reference to pipe work system herein may also be thought of as a reference to a pipe

system.

Brief description of the drawings

There now follows by way of example only a detailed description of embodiments of

the present invention with reference to the accompanying drawings in which

Figure 1 is a schematic example of system according to an embodiment of the

invention;

Figure 2 shows a schematic example of a system according to a further

embodiment of the invention being used to heat a swimming pool; and

Figure 3 shows a schematic example of a further embodiment of the invention.

Detailed description of the drawings

The system 2 shown in Figure 1 provides a thermodynamic cycle to implement a heat
pump which can either move heat from the inside 4 of a space (such as a building,
vehicle interior, swimming pool, etc) to the outside 6 of that space or visa versa. The
boundary between the inside 4 and the outside 6 is shown by the dotted line 8 which
would typically be a building wall.

The system 2 comprises two fluid circuits 10, 12; the first 10 of which provides the
thermodynamic cycle and the second of which 12 moves heat to or from the first fluid

circuit 10 to the inside 4 of the space for the purpose of heating and/or cooling.

The skilled person will appreciate that the thermodynamic cycle can be run in either
direction to move heat either from outside 6 to the inside 4 or visa versa. The

arrangement shown in the Figures illustrates the system arranged to operate as a
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heating system. To operate as a cooling system then the condenser and evaporator are
switched within the circuit. Indeed, the skilled person will appreciate that reversible
systems are well known and readily achievable by minor modifications to the first

fluid circuit 10.

The first fluid circuit 10 comprises a refrigerant pipe work system 14 (for the sake of
clarity only some portions of the refrigerant pipe work system are labelled) which
connects together a plurality of components. The connected components are a
compressor 16 which performs mechanical work on the cooling fluid within the
refrigerant pipe work system 14 and converts a low pressure, cool, gas to a high

pressure hot gas.

The refrigerant pipe work system 14 conveys this hot gas, from the compressor 16, to
a condenser 18 which condenses the fluid within the refrigerant pipe work system 14
to a high pressure, moderate temperature, liquid. The fluid within the refrigerant pipe
work system 14 is then conveyed to a receiver 20. The receiver 20 is arranged to

separate the condensed liquid from any remaining gas.

Next, the refrigerant pipe work system 14 conveys the fluid to an evaporating valve 22
(which may be thought of as an expansion control means) which lets the high pressure
liquid expand into the evaporator 24 to a low pressure, cool, gas. In this embodiment,
the evaporator 24 is air cooled (and thus the heat pump is typically referred to as an
air source heat pump) but in other embodiments other cooling mechanisms might be
used. For example, it is known to use ground source heat pumps which utilise ground

heat as a source/sink. It would be possible to utilise water as a heat source.

In the embodiment being described, the evaporating valve 22 is electrically operated;
ie it is an electric evaporating valve. However, in other embodiments, the valve may

be actuated by other means such as hydraulics, pneumatics, magnetic, or the like.

However, in this embodiment, the evaporator 24 comprises a fan 26 which is arranged
to draw air 28 through a heat exchanger 30 comprising a series of parallel plates
mounted on tubes circulating the refrigerant. Again, the skilled person will appreciate

that there are many other forms of heat exchanger which may also be applicable. The
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evaporator 24 draws heat from, in this case, the air 28 which heats the fluid within the

refrigerant pipe work system 14 and causes that fluid to become a cool vapour.

An accumulator 32 is provided within the first fluid circuit 10 and arranged to
separate out any liquid that remains within the gas at that point in the refrigerant pipe
work system 14 to prevent such liquid from damaging the compressor 16. The
refrigerant pipe work system 14 conveys gas to the compressor 16 from the

accumulator 32 thus completing the thermodynamic cycle and the first fluid circuit 10.

In order to control the first fluid circuit 10 and ensure that it is functioning correctly,
a first fluid circuit controller 34 is provided. The first fluid circuit controller 34 may
be referred to as an evaporating controller. The first fluid circuit controller 34
receives input data generated by both a temperature sensor 36 and a pressure sensor 38
cach of which are connected to the refrigerant pipe work system 14 in a region of the
output of the accumulator 32 (ie in the refrigerant pipe work system 14 between the
accumulator 32 and the compressor 16. The first fluid circuit controller 34 also
communicates to and from a system controller 40 (ie the first fluid circuit

controller 34 makes outputs to and receives inputs from the system controller 40).

The first fluid circuit controller 34 is arranged to control the evaporating valve 22 by
making outputs thereto. A closed loop system may be provided between the output of
evaporating valve 22 and the first fluid circuit controller 34 by pressure sensor 38 and
temperature sensor 36 such that feedback (ie input to the first fluid control circuit) is

provided by the evaporator 24.

Thus, in operation, the first fluid circuit controller 34 monitors both the temperature
(given by the temperature sensor 36) and the pressure (given by the pressure
sensor 38) and controls the position of the evaporator 22 in order to maintain the
temperature and pressure at a set point. In equilibrium conditions of evaporation there

is only one temperature for a given pressure.

The second fluid circuit 12, typically a so-called Low Temperature Hot Water
(LTHW) system comprises a heating pipe work system 44. This heating pipe work
system itself comprises a non-storage heat exchanger 42 arranged to transfer heat

given up by the condensing fluid within the condenser 18 thereby heating the fluid
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within the second fluid circuit 12. The fluid (water in a LTHW system) within the
second fluid circuit may be thought of as a medium. The heating pipe work system
may also be referred to as a second pipe work system 44 and carries the heated fluid to
a reservoir 46. Embodiments having such a reservoir can be advantageous in that the
reservoir can help to avoid over rapid starting and/or stopping of the compressor. The
second pipe work system 44 may be thought of as a Low Temperature Hot Water
(LTHW) pipe work system. In this embodiment the how water in the LTHW pipe work

system provides a medium.

Fluid flows from the reservoir 46 to an air handling unit 48 arranged to heat the space
(ie the inside 4); as such the air handling unit may be thought of as a heat emitter. The
air handling unit 48 comprises a fan 50 arranged to draw air 52 through a heat
exchanger 54 through which the fluid which has been heated in the heat exchanger 42

passes.

Fluid leaving the air handling unit 48 is returned, by the LTHW pipe work system of
the second fluid circuit 12, to the heat exchanger 42 to take up more heat from the
first fluid circuit 10 having dissipated the heat gained earlier through the air handling
unit 48 to the space of the inside 4.

A by-pass pipe 56 is provided to allow fluid within the second fluid circuit 12 to
bypass the air handling unit 48 thereby giving control of the amount of heat provided
to the space of the inside 4; ie the room temperature. In order to control the amount of
heat that flows through the bypass pipe 56 and thereby through the air handling
unit 48 there is provided a motorised valve 58. The position of the motorised valve is
controlled by the system controller 40 which is connected to a room thermostat (or

other temperature sensor) - not shown.

Fluid is pumped around the second fluid circuit 12 by a LTHW variable speed
pump 60 which is also controlled by the system controller 40.

Thus, the system controller 40 controls the pump 60 and the motorised valve 58 in
order to control the temperature of the space (ie room). The amount of heat given out

to the room from the fluid within the second fluid circuit will also affect the heat
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taken from the condenser 18 and as such will affect the temperature of the fluid within

the first fluid circuit 10.

The system 2 may be arranged to heat a number of rooms / spaces. As such, an air
handling unit 48 may be provided for each room (or at least a plurality of air handling
units may be provided). In some embodiments, the second fluid circuit 12 may
comprise a plurality of any one or more of the following: evaporator, compressor,
condenser; that is a separate second fluid circuit may be provided for each room to be
heated. In other embodiments, the same second fluid circuit may pass through each

room to be heated and have a plurality of air handling units therein.

Also, the skilled person will appreciate that the temperature of the inside space 4 and
of the outside 6 will affect that amount of heat that can be sourced / sunk thereto since
a temperature difference is needed for heat exchange to occur as required by the

second law of thermodynamics.

The use of the inside space 4 is also likely to affect the desired temperature of that
space. For example, if the space were a swimming pool environment then it is not
unusual for the desired air temperature to be 29°C whereas if the environment were a
gymnasium then the temperature may be 18°C and if the environment were an office

or a home the temperature may be closer to 21°C.

In this regard, the system controller 40 is programmed to monitor the inputs thereto

and to control the fluid parameters described above to operate the system 2.

The system controller 40 also receives input data from an outside temperature

sensor 62 which provides the temperature of the outside 6.

In operation, the system controller 40 is arranged to control both the evaporating
temperature (ie the temperature at which the fluid in the first fluid circuit 10)
evaporates by controlling the evaporating valve 22 and the condensing temperature
within the condenser 18 (ie the temperature at which he fluid within the first fluid

circuit 10 condenses) by controlling the variable speed pump 60.
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The system controller 40 is arranged to monitor the temperature within the inside
space 4 and control the temperature at which the fluid in the first fluid circuit 10
condenses within the condenser 18 (the condensing temperature) to be a
predetermined amount above the desired temperature to which the inside space should
be controlled. The condensing temperature is controlled by controlling the rate at
which fluid is driven around the second fluid circuit 12 by means of a variable speed

drive in pump 60.

The predetermined amount of temperature difference accounts for the imperfect heat
transfer that occurs within the heat exchanger 42 and the air handling unit 48. That is,
the predetermined temperature difference accounts for fabric losses, the sub-cooling
required, the minimum sustainable difference between the low temperature hot water
leaving the condenser and the required temperature for air leaving the air handling

unit 48.

Should the inside space comprise a plurality of zones, rooms or the like, then the
system controller 40 is arranged to set the condensing temperature according to the

highest temperature requested in any of the zones, rooms.

The system controller 40 is also arranged to control the evaporating temperature (ie
the temperature at which the fluid within the first fluid circuit evaporates within the
evaporator 24) by controlling the evaporating valve 22. The evaporating temperature
is set by subtracting from the outside temperature the sum of the super heat and the
minimum sustainable difference between the ambient air temperature and the

temperature of the gas leaving the evaporator 24.

Thus, the embodiment being described controls the evaporating and condensing
temperatures to minimise the temperature difference between them (ie the system
controller 40 controls these temperatures as close as possible to one another noting
that a temperature difference is needed due to losses in the heat transfer process).
Such an arrangement so raises the Coefficient of Performance (CoP) and improves the

energy efficiency of the system.

In use, the system controller 40 of an embodiment of the system is arranged to keep

the condensing temperature as low as possible allowing for the need to ensure the
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complete condensing of the hot gas and the efficiency of heat exchanger 42 such that
the flow temperature in the LTHW system 12 is able to meet the heating load set by
the air handling unit 48 The desired temperature is set within the system

controller 40 by a user of the system.

The system controller 40 is further arranged to keep the evaporating temperature as
high as possible consistent with maintaining the extraction of energy from the outside
air. In particular, the evaporating temperature is determined by two factors. The first
being the outside air temperature as energy can only be extracted from the outside air
if the evaporating medium is below the outside air temperature (ie the evaporating
temperature is below the outside air temperature). The second being the efficiency of
the energy transfer, which is determined by the rate of flow of the refrigerant within
the first fluid circuit 10 and the heat transfer capacity. It is also the case that the
difference between the evaporating temperature and the outside air temperature must
be sufficient to ensure that the liquid refrigerant is sufficiently evaporated to ensure
that liquid refrigerant is not carried over into the compressor 16, where it will cause

damage. The typical difference can be 5 to 7 degrees C.

Operating the system controller 40 so as to reduce the condensing temperature and to
increase the evaporating temperature has the effect of increasing the Coefficient of
Performance (COP) which is inversely proportional to the difference between the

condensing and evaporating temperatures

Indeed, the COP can be improved, perhaps substantially, as the following example
illustrates. Assuming an outside temperature, varying between 6C and 16 C during a
given week operating in a swimming pool hall (ie the inside 4) of recent construction,
would typically maintain an average evaporating temperature of 5C and a condensing
temperature of 45C; a difference of 40°C. Without the control system described, the
fixed evaporating temperature to meet the range of outside temperature would be 0C

and the fixed condensing temperature would be 50C; a difference of 50°C.

The skilled person will appreciate that COP is a difference. For instance, in a given air
source heat pump system with say, a COP of 4.0, evaporating temperature of 0C and

condensing temperature of 50C, an increase of evaporating temperature from 0 to 5C
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and a decrease of the condensing temperature of 5C, increases the COP to 5 and the

energy efficiency of the system is increased by 25%.

Thus, embodiments of the system that re-calculate and reset the evaporating
temperature as outside temperature changes, the COP and energy efficiency of the Air
Source Heat Pump can be raised, perhaps substantially, compared to a system in which
the evaporating and condensing temperatures are fixed and therefore of necessity have

a larger difference.

The difference between the condensing and evaporating temperatures would be 40°C
for the system described and 50°C for a system with fixed condensing and evaporating
temperatures. Because the thermal efficiency of the system is inversely proportional
to the difference between the condensing and evaporating temperatures, the system
described would be 25% more efficient than the typical system with fixed condensing

and evaporating temperatures.

Figure 2 shows a modification to the system of Figure 1 but like parts are referred to
by like reference numbers. In the embodiment, shown in Figure 2 a swimming

pool 200 and the system 2 is arranged to heat the water within the pool 200.

A temperature sensor 202 is provided to sense the temperature of the water within the

pool and provides an input to the system controller 40.

In the embodiment shown, the water within the pool 200 is pumped, using a
pump 204, through the heat exchanger 42 to take heat from the first fluid circuit 10; ie
from the condenser 18. The system controller 40 is arranged to control the rate at

which swimming pool water is pumped through the heat exchanger 42.

In such an embodiment, pipes 206, 208 which convey swimming pool water through
the heat exchanger 42 may be thought of a heating pipe work system. As such, the
swimming pool water when within the pipes 206, 208 may be thought of as being a

medium within the heating pipe work system.

In other embodiments (not illustrated), rather than being pumped directly through the

heat exchanger 42, the swimming pool water may be passed through a further heat
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exchanger so that the second fluid circuit is a closed circuit in which two heat
exchangers are provided: a first of which is the heat exchanger 42 and the second of

which is a heat exchanger passing heat to the swimming pool water.

In some embodiments, the first fluid circuit controller 34 may be subsumed into the

system controller 40.

Moreover, the skilled person will appreciate that elements of this invention may be

provided in software, firmware or hardware.

Figure 3 shows a further embodiment of the invention in which the heat pipe work
system (ie the second fluid circuit 12) of the embodiments shown in Figures 1 and 2
has been omitted. Otherwise same parts have been referred to with the same reference

numbers.

In this embodiment, the refrigerant pipe work system 14 (ie first fluid circuit)
comprises a heat exchanger 300 which is arranged to move heat from the cooling fluid
within the first fluid circuit to the environment which the system is arranged to heat

and/or cool.

A fan 302 is provided which draws air 304 through the heat exchanger 300 thereby
moving heat from the fluid within the refrigerant pipe work system 14 to the

environment; typically the inside of a room being heated or cooled.

It should also be noticed that, in the embodiment shown in Figure 3, the temperature
sensor 36 and the pressure sensor 38 are provided within the refrigerant pipe work
system 14 on the other side of the accumulator 32 when compared to the embodiments
shown in Figures 1 and 2. The skilled person will appreciate that temperature and
pressure sensors can be provided in the arrangement of either (or indeed both) Figures

1 & 2 and Figure 3.

In each of the embodiments above, it will be possible for a plurality of compressors 16
and/or heat exchangers 300, 54 to be provided within the first fluid circuit 10 such
that a plurality of environments may be heated and/or cooled. For example, a heat

exchanger 54, 300 may be provided for each room that is being heated/cooled.
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CLAIMS

1. A heating and/or cooling system arranged to maintain an area at a desired

temperature and comprising:

a heat pump having an evaporator, a compressor, a condenser having a
condensing temperature at which fluid therein condenses and an expansion

means each connected by a refrigerant pipe work system;

a temperature sensor arranged to monitor the temperature of an environment
from which the evaporator is arranged to extract heat and the temperature

sensor being arranged to generate a temperature output;

a system controller arranged to have input thereto the temperature output and

further arranged to perform at least one of:

i) controlling the temperature at which gas condenses to a fluid within
the condenser in response to the temperature output such that the
condensing temperature is as low as possible whilst maintaining the
condensing temperature a predetermined amount above the desired

temperature that the heating system is maintaining; and

ii) controlling the expansion means to vary the temperature at which the

refrigerant within the refrigerant pipe work system evaporates.

2. A system according to claim 1 in which the heat pump is an air source heat
pump, the environment in which the evaporator is situated is an outside environment
and wherein the evaporator is arranged to extract heat from air of the outside

environment.

3. A system according to claim 1 in which the evaporator is arranged to extract
heat from the outside air and as such the temperature sensor is arranged to measure

outside air temperature.



10

15

20

25

30

WO 2012/107770 PCT/GB2012/050290

17

4. A system according to any preceding claim in which the system controller is
arranged to vary the evaporating temperature as a function of the temperature output

of the temperature sensor.

5. A system according to claim 4 as it depends from claim 3 in which the system
controller is arranged to vary, from time to time, the evaporating and condensing
temperatures wherein the evaporating and condensing temperatures are varied at the

same interval.

6. A system according to any preceding claim in which the condenser comprises a
heat exchanger arranged to extract heat from the refrigerant within the refrigerant pipe

work system.

7. A system according to any preceding claim in which the system comprises a
heating pipe work system arranged to circulate a medium through the condenser of the
refrigerant pipe work system thereby exchanging heat between refrigerant within the

refrigerant pipe work system and the medium within the heating pipe work system;

8. A system according to claim 7 as it depends from claim 6 the heat exchanger
within the condenser is arranged to transfer heat to the medium within the heating

pipe work system.

9. A system according to claim 7 or 8 in which the heating pipe work system
comprises a heat exchanger arranged to transfer heat from the medium within the

heating pipe work system to the area to be heated.

10. A system according to claim 9 in which the area to be heated is an inside of a

building or water within a swimming pool.

11. A system according to claim 9 or 10 in which the heating pipe work system
comprises a by-pass pipe arranged to allow medium within the heating pipe work

system to by-pass the heat exchanger of the heating pipe work system.
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12. A system according to claim 11 in which the heating pipe work system
comprises a valve arranged to control the amount of medium within the heating pipe

work system allowed to flow through the by-pass pipe.

13. A system according to any of claims 7 to 12 in which the heating pipe work
system comprises a pump arranged to pump medium within the heating pipe work

system around the heating pipe work system.

14. A system according to claim 13 wherein the pump is of variable speed.

15. A system according to any of claims 7 to 13 in which the system controller is
arranged to control the rate of flow of the medium in the heating pipe work system
through the condenser in response to the temperature output to control the temperature

at which gas condenses to a fluid within the condenser.

16. A method of heating and/or cooling an area to a desired temperature
comprising using a heat pump having an evaporator, a compressor, a condenser and an
expansion control means each connected by a refrigerant pipe work system and the
method comprising monitoring the temperature of an environment in which the
evaporator is operating and using a system controller to vary in response to the
monitored temperature, the temperature at which gas condenses to a fluid within the
condenser to keep it as low as possible whilst maintaining the condensing temperature
a predetermined amount above the desired temperature and/or also varying in response
to the monitored temperature, the temperature at which a liquid expands to a gas
within the evaporator in order to reduce the difference between the evaporating and

condensing temperatures.

17. A method according to claim 16 which is used to heat at least one of a building

and a swimming pool.

18. A machine readable medium containing instructions which when read by a
machine, such as system controller, cause that machine to perform as the system of

any of claims 1 to 15.
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19. A machine readable medium containing instructions which when read by a
machine, such as a system controller, cause that machine to provide the method of

claim 16 or 17.
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