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Description

[0001] The present invention relates to methods and
systems for heat pumping. In particular, it relates to such
methods and systems in which one or several primary
heat sources or sinks are interconnected to one or sev-
eral secondary heat sources or sinks, so as to provide
flexible and responsive heating and/or cooling of a con-
struction.
[0002] There are many known solutions for providing
heat and/or cold to a building using heat pumping. For
instance, bore holes, earth or a water bodies can be used
to provide a heat carrier with stable temperature, which
heat carrier can be used to heat water or indoors air, or
to cool indoors air, using heat pumping. Similarly, out-
doors air can be used to heat or cool a heat carrier, which
heat carrier can then be used, via heat pumping, to heat
water or indoors air, or to cool indoors air. Such heat
pumping provides efficient heating or cooling, which is
well known in the art.
[0003] Heat pumping as such has also been described
extensively in the prior art. For instance, reversible heat
pumps are known, as are heat pumps of different types.
[0004] One such example is a liquid-liquid heat pump,
arranged to, via an internal heat medium loop, transfer
thermal energy from one liquid to another liquid. Another
example is an air-liquid heat pump, arranged to, via a
similar internal heat medium loop, transfer thermal ener-
gy from air to a liquid or vice versa.
[0005] It is further known to "charge" an energy storage
used for cooling with cold by heat exchanging between
cold outdoors air and the energy storage.
[0006] A problem when designing a heat pump system
for a building is that the heating and/or cooling require-
ments typically fluctuate heavily across the year, and
even over a single day. For instance, during the summer
in temperate climates the need for heating may be close
to zero, while the need for heating during the winter may
be substantial. Similarly, the need for cooling may be
intermittent during the summer in such climates, while
an outdoor pool may simultaneously need heating. Fur-
ther, the need for hot tap water may vary depending on
the time of day.
[0007] Hence, the required maximum capacity of a
heat pumping system is typically much higher than an
average requirement of the system. This can, for in-
stance, be solved using an accumulation tank, for in-
stance the hot tap water tank. This is problematic, since
such tank needs to be large in order to be of sufficient
capacity, and since there are thermal loss associated
with such storage of thermal energy. Also, it may be com-
plicated or cost-inefficient to transform the stored energy
into suitable heating of indoors air or pool water, whereas
the need for cooling is not easily met. Also, in case the
conditions for heat production are attractive, the accu-
mulation tank only accepts a certain amount of thermal
energy before its temperature reaches its maximum al-
lowed value. For instance, hot tap water can be only 100

°C hot.
[0008] Another solution that has been proposed is to
use a heat pump with less than the maximum required
capacity, and to supplement it with an electrical heating
device which can be activated together with the heat
pump in order to reach the highest production powers
required for the building in question.
[0009] Such electrical heating is expensive, and is also
a less attractive solution from an environmental point of
view, as compared to using heat pumping. However, an
over-dimensioned heat pump is also expensive and may
not perform at maximum efficiency at the relatively low
power required in most situations.
[0010] Furthermore, there is a problem with geother-
mal bore holes being cooled down during the summer,
due to excess heating of houses, leading to the ground
in general becoming cooler over time, in particular at sites
with many such bore holes. This, in turn, leads to de-
creased heating efficiency using such geothermal heat-
ing systems.
[0011] Hence, there is a need for a flexible and simple
heat pump system which can optimally distribute thermal
energy between a building and its environment at high
average efficiency. There is also a need to monitor a heat
pump system in a more cost-efficient manner than what
is the case with conventional heat pump systems. In par-
ticular, heat pump systems can become quite complex,
with numerous valves and other components. It is often
difficult to detect damage to such components without
performing a regular inspection. It would be desirable to
automate such inspection, with the aim of detecting com-
ponent damage at an early point before more severe
damage results.
[0012] US 8726692 B1 discloses a hybrid multi-source
heat pump system, using temperature sensors to deter-
mine to what heat source or sink to direct a heat carrier.
[0013] DE 19906056 A1 and DE 60003901 T2 both
disclose solutions for monitoring a valve performance in
a cooling system for an explosion motor.
[0014] WO 90/12301 A1 and EP 0952386 A2 both re-
late to surveillance of a valve using a measured temper-
ature.
[0015] JP2011094885 relates to valve open and close
failure monitoring based on temperature differences.
[0016] The present invention solves the above de-
scribed problems.
[0017] Hence, the invention relates to a heat pump sys-
tem comprising a heat medium circuit in turn comprising
at least three heat exchanging means arranged to trans-
fer thermal energy between the heat medium and a re-
spective heat source or sink selected from outdoor air, a
water body, the ground, indoor air, pool water or tap wa-
ter, a valve means arranged to selectively direct the heat
medium to at least two of said heat exchanging means,
and a control means arranged to control said valve
means, which method is characterised in that the heat
pump system comprises respective temperature sensors
both upstream and down-stream of at least one of said
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heat exchanging means, in that the control means is ar-
ranged to, based upon temperature measurement values
comprising at least one value read from said sensors,
determine to what heat exchanging means the heat me-
dium is to be directed, and in that when heat medium is
not directed to a certain heat exchanging means the con-
trol means is arranged to read a measured temperature
value upstream and downstream of the certain heat ex-
changing means, to compare these values to each other
and to set off an alert in case the values differ by more
than a predetermined value.
[0018] The invention also relates to a method for mon-
itoring valve leaks in a heat pump system comprising a
heat medium circuit in turn comprising at least three heat
exchanging means arranged to transfer thermal energy
between the heat medium and a respective heat source
or sink selected from outdoor air, a water body, the
ground, indoor air, pool water or tap water, a valve means
arranged to selectively direct the heat medium to at least
two of said heat exchanging means, and a control means
arranged to control said valve means, which method is
characterised in that the heat pump system comprises
respective temperature sensors both upstream and
down-stream of at least one of said heat exchanging
means, in that the method comprises a step in which the
control means reads temperature measurement values
comprising at least one value read from said sensors
and, based upon these values, determines to what heat
exchanging means the heat medium is to be directed,
and in that the method further comprises a step in which,
when heat medium is not directed to a certain heat ex-
changing means the control means reads a measured
temperature value upstream and down-stream of the cer-
tain heat exchanging means, compares these values to
each other and sets off an alert in case the values differ
by more than a predetermined value.
[0019] In the following, the invention will be described
in detail, with reference to exemplifying embodiments of
the invention and to the enclosed drawings, wherein:

Figure 1a is an overview diagram of a heat pump
system according to a first embodiment of the inven-
tion showing circulation in a first circulation pattern;
Figure 1b is an overview diagram of a heat pump
system according to the said first embodiment of the
invention showing circulation in a second circulation
pattern;
Figure 1c is an overview diagram of a heat pump
system according to the said first embodiment of the
invention showing circulation in a third circulation
pattern; and
Figure 1d is an overview diagram of a heat pump
system according to the said first embodiment of the
invention showing circulation in a fourth circulation
pattern.

[0020] All figures share the same reference numerals
for the same or corresponding parts.

[0021] Figures 1a and 1b show a heat pump system
100 according to a preferred embodiment of the inven-
tion. The heat pump system 100 comprises a heat pump
part 200, comprising an inner loop heat medium circuit
210, 220, 230, 240, 250 in which an inner heat medium
is circulated. The inner loop heat medium circuit com-
prises at least one compressor 211 and at least one ex-
pansion valve 232, 242 (in the exemplifying embodi-
ments illustrated figures, there are two expansion valves,
for reasons explained below).
[0022] The heat pump system 100 is preferably ar-
ranged to heat and/or cool a construction, preferably be-
ing or comprising a building, such as an apartment build-
ing or an office or other commercial building, but prefer-
ably a small one- or two family house. Such a construction
may also comprise parts to be heated and/or cooled that
are peripheral to such a building, but still part of the same
construction or real estate, such as an outdoor pool 342
arranged next to such a building.
[0023] Furthermore, the heat pump system 100 com-
prises or is associated with a primary side part 400 and
a secondary side part 300. At the primary side, heat ex-
change is performed between a primary-side heat medi-
um and various external sources of heat and/or cold; at
the secondary side, heat exchange is performed between
a secondary-side heat medium and various heat and/or
cold consuming devices. Hence, thermal energy may be
transported to or from the primary side 400, via the heat
pump part 200, from or to the secondary side 300, de-
pending on the requirements of heat or cold of the said
consuming devices. The heat pump part 200 performs
heat pumping action during the course of this transfer of
thermal energy, as opposed to only performing heat ex-
changing. As will be exemplified below, thermal energy
may also be provided directly between the primary side
400 and the secondary side 300, using heat exchange
without any heat pumping action.
[0024] As illustrated in figures 1a and 1b, it is preferred
that the primary side 400 comprises a heat medium circuit
410, 420, 430, 440, 450, 460 which is separated from
the inner loop heat medium circuit 210, 220, 230, 240,
250, wherein these two circuits communicate thermally
with each other via a heat exchanger 214. Even though
it is preferred that the heat exchanger 214, as well as
heat exchanger 215 (see below) may be part of the inner
loop 200, one or both of these may form part of part 400,
300, respectively.
[0025] However, the circuits 210, 220, 230, 240, 250
and 410, 420, 430, 440, 450, 460 may alternatively be
one and the same circuit, sharing one and the same heat
medium. Separating the two circuits as is illustrated in
figures 1a and 1b is advantageous in some embodi-
ments, since it is then possible to select a suitable re-
spective inner loop and primary-side heat media with
greater freedom, so that one suitable heat medium can
be used in the internal heat pump circuit 210, 220, 230,
240, 250, and a different suitable heat medium can be
used in the primary side circuit 410, 420, 430, 440, 450,
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460, the latter typically having different temperature re-
quirements etc. than the former. On the other hand, by
having only one circuit, the circulation pump 461 may for
instance be omitted, leading to lower costs, and the un-
necessary losses in the heat exchanger 214 may be cut.
Further, the conduit in circuit 220 may have to withstand
considerable pressure, which may not be the case for
the circuit 460, making the system 100 less costly with
the circuit 220 separated from the circuit 460.
[0026] Similarly, the secondary side 300 comprises a
heat medium circuit 310, 320 which (as shown in the
figures) preferably is isolated but which may be shared
with the inner loop heat pump circuit 210, 220, 230, 240.
Through the secondary-side circuit 310, 320, a second-
ary-side heat medium flows, which is heat exchanged to
the inner loop heat medium flowing through the internal
heat pump circuit 210, 220, 230, 240, 250 using heat
exchanger 215. The flow in circuits 310, 320 is driven by
a circulation pump 317.
[0027] From the above, it is clear that there are three
main conduit circuits - the primary-side 400 circuit 410,
420, 430, 440, 450, 460; the secondary-side 300 circuit
310, 320; and the inner circuit 210, 220, 230, 240, 350.
For many applications, the configuration illustrated in fig-
ure 1a is preferred, namely that the three main conduit
circuits are separated in terms of respective heat medium
flow paths. However, either the primary-side circuit
and/or the secondary-side circuit may be interconnected
with the inner circuit in a way so that these circuits com-
municate, in particular so that they actually form a con-
nected loop circuit through which respective heat medi-
um flows in a loop manner. Hence, the primary-side heat
medium and the inner loop heat medium may be one and
the same; and the secondary-side heat medium and the
inner loop heat medium may be one and the same. In
some cases, it is realized that all three - the primary-side
heat medium; the secondary-side heat medium; and the
inner loop heat medium - may be one and the same heat
medium, circulated in one and the same connected circuit
loop 310, 320, 210, 220, 230, 240, 250, 410, 420, 430,
440, 450, 460. It is also possible that the said circuits are
separated all three, possibly with three different respec-
tive heat media.
[0028] In the following, all these possibilities are con-
sidered applicable when so is possible and desired for
various reasons.
[0029] According to a preferred embodiment, at least
two primary heat exchanging means 422, 433, 452 are
arranged to transfer thermal energy between the primary-
side heat medium and at least one of two different primary
heat sources or sinks selected from outdoor air, a water
body, the ground or exhaust air from the construction. In
this context, "the ground" can be a bore hole 431 such
as the one illustrated in the figures, but may alternatively
or additionally be, for instance, a shallowly buried collec-
tor conduit beneath a lawn or the like.
[0030] In the figures, the said primary heat sources or
sinks are exemplified by the outdoors air near the con-

struction to be heated and/or cooled, in that an air heat
exchanger 422, such as fan convector, is arranged to
transfer thermal energy to said outdoors air from the sec-
ondary-side heat medium or vice versa; the ground, in
that a collector conduit 433 is arranged in a bore hole
431, and arranged to transfer thermal energy to the
ground surrounding the hole 431 from the secondary-
side heat medium flowing through the conduit 433 or vice
versa; and exhaust air from the construction, in that a
heat exchanger 452 is arranged to transfer thermal en-
ergy from the exhaust air in an exhaust air pipe 453 to
the secondary-side heat medium. Said exhaust air is
preferably ventilated air from a building.
[0031] Herein, the expression "primary heat exchang-
ing means" relates to a heat exchanging means arranged
to achieve thermal energy transfer between the primary-
side heat medium and a primary heat source or sink ar-
ranged so that it does not substantially affect the tem-
perature of the construction to be heated and/or cooled
using a system according to the present invention. Such
primary heat exchanging means may, for instance, be
such means 422, 433 that are arranged outdoors or at
least outside of the construction to be heated and/or
cooled, or may operate on exhaust air leaving the con-
struction, such as means 452. It is realized that there
may be more than two primary heat exchanging means
operating vis-à-vis one and the same heat source or sink.
Apart from the three primary heat exchanging means
412, 422, 433 shown in figure 1a, other examples com-
prise arranging several parallel bore holes with respec-
tive collector conduits. Furthermore, there may also be
more than two primary heat sources or sinks that are
used in parallel. In the case where there are at least two
primary heat sources or sinks, it is preferred that these
are selected from outdoor air, a water body and the
ground.
[0032] According to a preferred embodiment, there are
at least one secondary heat exchanging means 314, 315,
316, arranged to transfer thermal energy between the
secondary-side heat medium and at least one of two dif-
ferent secondary heat sources or sinks selected from in-
doors air, pool water, tap water and an outdoor ground
or a floor in the construction. In the figures, these sec-
ondary heat sources or sinks are exemplified by the in-
doors air inside the construction, in that an indoors fan
convector 314 is arranged to transfer thermal energy to
said indoors air from the secondary-side heat medium or
vice versa; an isolated indoors liquid heating loop, in that
a heat exchanger 315 is arranged to transfer thermal
energy to such an indoors water loop 330 serving indoors
radiators 332 or a floor heating/cooling system, from the
secondary-side heat medium, or vice versa; and the wa-
ter 343 of a swimming pool 342, in that a heat exchanger
316 is arranged to transfer thermal energy to said water
343 from the secondary-side heat medium or vice versa.
Not shown in the figures is the option in which an outdoor
ground or a floor in the construction is heated and/or
cooled. In this latter case, secondary-side heat medium
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is directed, using a suitable secondary-side circuit, to a
loop in the outdoors ground or floor for heating the top-
most ground layer. For instance, the outdoors ground or
floor may be a sports field requiring heating during winter
in order to keep it free from snow and ice, or an ice hockey
field requiring cooling for maintenance the ice. There may
also be a heat exchanger arranged between the said
secondary-side circuit and the heat carrier loop arranged
in the ground.
[0033] It is realized that the illustrated secondary heat
exchanging means 314, 315, 316 are only examples of
such secondary heat exchanging means, and further that
such secondary heat exchanging means may also, for
instance, be connected in series or both in series and in
parallel.
[0034] The water loop 330 is served by a circulation
pump 331.
[0035] The pool 342 may in certain embodiments in-
stead be a tank for hot tap water 343, the main difference
from the pool example being that the temperature re-
quirements for the water 343 are different - for the pool
a water temperature of about 20-30°C is typically desired,
whereas considerably higher temperatures, such as
50-80°C would be desired for a hot tap water tank exam-
ple.
[0036] As can be seen in the figures, the secondary-
side heat sources or sinks are connected in a way so that
heat or cold delivered from the heat pump part 200 can
selectively be delivered to one or several of said second-
ary-side heat sources or sinks. In the figures, this is ex-
emplified by the secondary-side heat sources or sinks
being connected in parallel, with respective shut-off
valves 311, 312, 313 being arranged to shut off either
one of them in a selectable manner; and in that the inner
heat medium is circulated through these parallel-con-
nected conduits 310. This way, the control means 500
(see below) can selectively direct heat or cold from the
heat pump part 200 to one or several recipients of such
heat or cold at the secondary side 300.
[0037] Herein, the expression "secondary heat ex-
changing means" relates to a heat exchanging means
arranged so that it may substantially affect the tempera-
ture of the construction to be heated and/or cooled using
a system according to the present invention. Such sec-
ondary heat exchanging means may, for instance, be
such means arranged to achieve thermal transfer be-
tween the secondary-side heat medium and a heat
source or sink arranged indoors, or at least inside of, or
within the boundaries of, a construction or real estate to
be heated and/or cooled using a system according to the
present invention. In a way which is analogous to the
case for the primary heat exchanging means described
above, there may be more than one secondary heat ex-
changing means operating vis-à-vis one and the same
heat source or sink, such as several parallel radiator
loops with their own respective heat exchanger to the
secondary-side heat medium or both a direct 314 and an
indirect 315, 332 heat exchange towards indoors air; and

there may be more than two secondary heat sources or
sinks that are used in parallel, as is shown in the figures.
[0038] It is realized that the term "heat source or sink"
is used herein to refer to some type of entity with the
capacity of absorbing and emitting thermal energy, and
that may therefore be used for heating or cooling a re-
spective heat medium via heat exchange to the heat
source or sink using a heat exchange means arranged
to perform such heat exchange. Whether the heat medi-
um is actually heated or cooled depends upon the oper-
ating principle used at the particular instant, in particular
upon the relative temperature difference between the
heat source or sink and the heat medium. For some heat
sources or sinks, such as the water of a swimming pool,
only one type of thermal transfer, in that particular case
heating of the pool water by cooling the corresponding
heat medium, will likely or always be performed. The cor-
responding is true regarding source 452, which will likely
or always cool the exhaust air hence warming the prima-
ry-side heat medium.
[0039] It is further realized that the term "circuit" herein
is used to denote a conduit arrangement through which
heat medium can flow. Such a circuit may or may not be
a closed loop. A "loop circuit", however, as used herein,
is a heat medium closed loop circuit.
[0040] Further according to a preferred embodiment,
the system 100 comprises a respective temperature sen-
sor 423, 432, 454, each arranged to measure the tem-
perature of a respective one of each of said primary heat
sources or sinks. Such measurement can be performed
in different ways. One example is to directly measure the
temperature of the heat source or sink in question, such
as the sensor 423 measuring the outdoors air or the sen-
sor 432 measuring the bore hole 431 temperature at a
particular depth. However, it is also possible to measure
the temperature of the heat source or sink in question
indirectly, such as by measuring the temperature of the
primary-side heat medium after passage through the
heat exchanger 422, 433, 452 passing the heat source
or sink in question, possibly taking into consideration
knowledge about how a particular heat source or sink is
expected to affect the temperature of a heat medium flow-
ing past the heat source or sink in question. This is the
case for temperature sensor 454, measuring the temper-
ature of the primary-side heat medium after passage of
heat exchanger 452.
[0041] In another example, a pair 424, 425 of temper-
ature sensors, arranged to measure the temperature of
the heat medium upstream and downstream of the heat
exchanger 422, are used as an alternative or in addition
to the sensor 423; and a pair 434, 435 of temperature
sensors, arranged to measure the temperature of the
heat medium upstream and down-stream of the heat ex-
changer 433, may also be used as an alternative or in
addition to the sensor 432. It is hence also possible to
use a combination of these two basic measurement prin-
ciples.
[0042] Further according to a preferred embodiment,
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the system 100 comprises a valve means arranged to
selectively direct the primary-side heat medium to at least
one of the said primary heat exchanging means 422, 433,
452. In the figures, this valve means is exemplified by a
first three-way valve 421, arranged to selectively direct
primary-side heat medium from circuit 460 to either circuit
420 (past outdoors air heat exchanger 422) or directly to
three-way valve 431 (without passing the heat exchanger
422). Another example of said valve means is the three-
way valve 431, arranged to selectively direct secondary-
side heat medium from circuit 460 (arriving at three-way
valve 431 from three-way valve 421 or from circuit 420)
either to circuit 430 (past bore hole 431 heat exchanging
collector conduit 433) or (via circuit 420) directly to circuit
440. A third example is the three-way valve 451, arranged
to selectively direct secondary-side heat medium from
circuit 430 or 440 either to circuit 450, via heat exchanger
452, or directly back to circuit 460.
[0043] It is preferred that the said valve means is ar-
ranged to completely or substantially completely shut off
the supply of primary-side heat medium to at least two
primary heat exchanging means, in a selective manner.
In this sense, the valve means comprises at least two of,
or even all three, three-way valves 421, 431, 451, working
together as one single "valve means".
[0044] Herein, the term "selectively directing" and "se-
lectively shutting off" means directing the heat medium
to, or shutting off heat medium access to, one or more
heat sources or sinks while at the same time not directing
the heat medium to, or shutting off heat medium access
to, other heat sources or sinks. Hence, the said valve
means is arranged to control to which heat sources or
sinks the heat medium is directed at each point in time.
[0045] Purely for exemplifying purposes, the arrows
shown in figure 1a illustrate the flow when the primary-
side heat medium is selectively directed only to the out-
doors air heat exchanger 422, while the arrows shown
in figure 1b illustrate the flow when the primary-side heat
medium is selectively directed only to the ground collec-
tor conduit 433. Figures 1c and 1d both illustrate a com-
bination of these flows, hence when both heat sources
or sinks are used.
[0046] Furthermore, it is preferred that a control means
500 is arranged to control said valve means 421, 431,
451, and also valve means 411 and 212 (see below).
The control means 500 may, for instance, be a server
arranged locally in the construction to be heated and/or
cooled, or a centrally located server arranged remotely
and connected to the construction via the internet. The
control means 500 has a suitable wired and/or wireless
digital communication interface with a number of sensors
and/or actuators of the system 100, which are read and/or
controlled by the control means 500. Preferably, all sen-
sors, valves and other readable and/or controllable
equipment, such as variable compressor 211 and varia-
ble expansion valves 232, 242, are connected to the con-
trol means 500 in a suitable way, for reading and/or con-
trol by the control means 500. The control means 500

preferably also has a conventional processor and a con-
ventional database, and runs a software function for con-
trol and administration of the heat pump system 100.
Preferably, the control means 500 is connected to, and
arranged to receive data from, external data providers
such as providers of local weather forecasts, for use in
the control of the system 100 operation. The control
means 500 is preferably also connected to various out-
doors and indoors sensors, such as temperature, air
pressure, humidity, sunlight incidence, etc. sensors,
which may be conventional as such and are jointly illus-
trated in the figures by 501. Using such external data and
sensors, the control means 500 is arranged to control
the system 100 with the aim of maintaining, over time, a
predetermined indoors temperature interval; a respective
minimum hot tap water and pool water temperature, and
so forth, depending on settings made by a user of the
system 100, such as remotely using a web server user
interface means provided by the control device 500. This
control function of the control device 500 will be exem-
plified in the following.
[0047] The system 100 can be run in several different
modes. As used herein, in a "secondary-side heating op-
erating mode", thermal energy is transferred from at least
one primary-side 400 heat source and is transferred, via
heat pump action in the part 200 and heat exchange as
described above, to at least one heat consuming sec-
ondary-side 300 heat sink. Correspondingly, in a "sec-
ondary-side cooling operating mode", thermal energy is
transferred from at least one secondary-side 300 heat
source and is transferred, via heat pump action in the
part 200 and heat exchange, to at least one primary-side
400 heat sink. In the secondary-side cooling operating
mode, thermal energy can also be transferred from the
secondary side 300 to the primary side 400 without heat
pumping, as exemplified by circuit 410 (see below).
[0048] As mentioned above, the heat pump part 200
comprises a compressor 211, which preferably also acts
as a pump. The compressor 211 is connected to a four-
way valve 212, arranged to control the function of the
heat pump part 200 to be either a cooling or a heating
heat pump with respect to the secondary side 300. In
heating operation, the internal heat medium flow of which
is illustrated using arrows in figures 1a-1c, the four-way
valve 212 directs the heat medium to circuit 250, for de-
livering heat via heat exchanger 215 to the secondary
side 300. Returning therefrom, the heat medium passes
circuit 240, comprising expansion valve 242 and non-
return valve 241, after which the heat medium passes
the heat exchanger 214 and returns, via circuit 220 and
the four-way valve 212, back to the compressor 211.
[0049] On the other hand, in a cooling operation of the
heat pump part 200, the flow of which is illustrated using
arrows in figure 1d, the four-way valve 212 is set so that
the internal heat medium flowing out from the compressor
211 is directed to circuit 220 and then heat exchanger
214, for delivering heat to the primary side 400. There-
after, the heat medium passes circuit 230, comprising
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expansion valve 232 and non-return valve 231, after
which it passes to circuit 250 and heat exchanger 215
for absorbing heat from the secondary side 300. There-
after, the heat medium passes again, via the four-way
valve 212, back to the compressor 211.
[0050] The non-return valves 231, 241 make sure that
either expansion valve 232 or expansion valve 242 is
passed, depending on the flow direction of the internal
heat medium. This construction is a simple yet robust
one for achieving reversibility of the heat pump part 200.
[0051] Namely, it is preferred that the heat pump part
200 is reversible, in other words it can be set in a heating
mode, delivering thermal energy from the primary side
400 to the secondary side 300, and in a cooling mode,
delivering thermal energy from the secondary side 300
to the primary side 400. The reversibility may be provided
using other valve arrangements than the one illustrated,
for exemplifying reasons, in the figures. The control
means 500 is arranged to control the heat pump part 200
to, for each particular point in time, be either in a heating
or cooling mode.
[0052] According to a preferred embodiment, the con-
trol means 500 is arranged to, in at least one such sec-
ondary-side heating operating mode, measure the tem-
perature of the said primary heat sources or sinks, and
to control the said valve means 421, 431, 451 to selec-
tively direct the primary-side heat medium to only the
primary heat exchanging means with the highest tem-
perature, or to several of said primary heat exchanging
means with the highest temperatures, such as the two
heat sources that are warmest for the time being.
[0053] Preferably, the primary-side heat medium is se-
lectively directed to only the primary heat exchanging
means that is available for providing heat to the heat
pump circuit and associated with the primary heat source
or sink with the highest temperature, or to several of said
primary heat exchanging means that are available for
providing heat to the heat pump circuit and associated
with the primary heat source or sink with the highest tem-
peratures.
[0054] Herein, the expression "available for providing
heat to the heat pump circuit" means that the primary
heat source or sink in question is sufficiently warm so as
to be able to heat, via heat exchange, at least one heat
medium in the heat pump circuit 210, 220, 230, 240, 250,
310, 320, 410, 420, 430, 440, 450, 460 with the purpose
of providing heat to at least one of the secondary heat
sources or sinks as described above. This may mean
that the primary heat source or sink in question is warmer
than a primary-side heat medium flowing, in a primary-
side heat pump circuit 410, 420, 430, 440, 450, 460, past
a heat exchanger 214 of an inner-loop heat pump circuit
210, 220, 230, 240, 250, as is illustrated in figures 1a-
1c. For instance, such primary-side heat medium tem-
perature may be measured immediately downstream of
such a heat exchanger 214 using an optional tempera-
ture sensor 263 and compared to the measured temper-
ature of the primary-side heat source or sink. This may,

alternatively, in the case in which the inner-loop circuit
and the primary-side circuit share one and the same heat
medium, mean that the primary heat source of sink in
question is warm enough to be determined by the control
means 500, based upon some predetermined condition,
to be able to provide efficient heating given the current
operating state of the heat pump circuit. Such condition
is preferably determined based upon temperature meas-
urements of the heat medium flowing in the heat pump
circuit.
[0055] It is noted that the temperature of the primary
heat sources or sinks can be measured directly or indi-
rectly, as described above.
[0056] Using such a heat pump system 100, with a
valve system for selectively directing a primary-side heat
medium to several different primary-side heat sources or
sinks, and actively selecting the warmest one or ones for
transferring thermal energy to the heat pumping function
of the heat pump system, the system can be allowed to
always operate at a high efficiency. In particular, it is pos-
sible to achieve such high efficiency across a broader
power interval, and preferably without having to use a
top-up heat source (such as electric heating) to handle
power requirements peaks.
[0057] According to a preferred embodiment, the con-
trol means 500 is arranged to, in at least one mode of
operation, not direct the primary-side heat medium to all
primary heat exchanging means 422, 433, 452 that are
available for providing heat to the heat pump circuit, but
only to a subset of available such primary heat exchang-
ing means. To take a simple example, in case a system
has access to both an outdoors air heat source and a
ground heat source, both of which are available since
they are warm enough, the control means may direct the
heat medium only to the corresponding heat exchanger
422 of the outdoors air heat source, since this heat source
is warmer than the ground heat source. Since there may
be many different heat sources or sinks available to the
system, the selection may be more complex than this
simple example.
[0058] In a first preferred alternative, the control means
500 is arranged to first evaluate, by temperature meas-
urement as described above, which primary heat ex-
changing means 422, 433, 452 are available for providing
heat to the heat pump circuit, and then to select to which
of such available primary heat exchanging means to di-
rect the primary-side heat medium. Hence, in this case
only available heat sources or sinks are considered for
selection, and the selection is performed from available
such heat sources or sinks as a subset of one or several
such available heat sources or sinks.
[0059] In a second preferred alternative, the control
means 500 is arranged to first select to which primary
heat exchanging means 422, 433, 452 to direct the pri-
mary-side heat medium, namely to the heat exchanging
means of one or several warmest heat sources or sinks,
as described above. Thereafter, the control means 500
is arranged to adjust a temperature of the heat pump
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circuit 210, 220, 230, 240, 250, 310, 320, 410, 420, 430,
440, 450, 460 so as to be able to accept heat from the
selected one or several primary heat exchanging means.
This is hence the other way around as compared to the
first preferred alternative - instead of selecting among
available heat sources or sinks, the selection is per-
formed first, and then the selected heat sources or sinks
are made available by means of a suitable temperature
adjustment in the heat pump circuit. This is particularly
advantageous when high heating power is required, for
instance in a secondary-side heating operation mode in
which tap water is to be heated as quickly as possible.
Then, more primary heat sources or sinks can be recruit-
ed for maximum power, while adjusting down the said
heat pump circuit temperature so as to be able to harvest
the heat provided by the selected heat source or sources
even in case at least one of the selected heat sources
provides a lower temperature than what is exploitable
without such a temperature adjustment. In particular, it
is preferred to, in reaction to a temporary increase in heat-
ing power requirements, recruit at least one addition heat
source or sink the temperature of which is lower than
currently exploited heat sources or sinks.
[0060] To be more specific, we take the particular case,
described above, in which the heat pump circuit 210, 220,
230, 240, 250, 310, 320, 410, 420, 430, 440, 450, 460
comprises an inner loop heat medium circuit 210, 220,
230, 240, 250, in turn comprising the compressor 211,
the expansion valve 232, 242 and the inner loop heat
exchanger 214, which heat exchanger 214 is arranged
to thermally communicate with a separate primary-side
heat medium circuit 410, 420, 430, 440, 450, 460, in turn
comprising the primary exchanging means 422, 433,
452. In this case, the control means 500 is preferably
arranged to perform the said adjustment of a temperature
of the heat pump circuit by adjusting a temperature of
the heat medium flowing through the said inner loop heat
exchanger 214. Such temperature adjustment may be
based upon a temperature measurement from optional
temperature sensor 216 arranged immediately up-
stream, and/or possibly immediately downstream, of the
heat exchanger 214 in question. Hence, the temperature
of the inner-loop heat medium is adjusted to a tempera-
ture which is lower than the one delivered from the pri-
mary-side heat pump circuit to the heat exchanger 214,
making it possible for the primary-side heat medium to
heat the inner-loop heat medium. It is understood that,
in particular in case there are several selected primary
heat sources or sinks, the primary-side heat medium de-
livered to the heat exchanger 214 may have a tempera-
ture which is different from the temperature of each indi-
vidual heat source or sink. Therefore, the temperature
measured by sensor 216 may be compared to a temper-
ature measured by sensor 462 or 463. In general, the
temperature of the inner-loop heat medium which is heat
exchanged to the primary-side heat medium is adjusted
to a temperature which is lower than the selected heat
source or sink with the lowest temperature.

[0061] In particular, it is preferred that the control
means 500 is arranged to adjust said temperature of the
inner-loop heat medium flowing through the said inner
loop heat exchanger 214 by adjusting the power of the
compressor 211 and/or the power of a separate pump
(in case the compressor 211 is supplemented by such
an additional pump). This adjustment may be performed
as a regulation loop, using temperature readings from
sensor 216 in a feedback loop. In addition to controlling
the compressor 211 and/or such a pump, or instead of
such control, an opening of the expansion valve 242 can
be controlled so as to achieve such an inner-loop heat
medium temperature. The regulation of the expansion
valve 242 may be performed in a similar feedback loop,
or such a feedback loop may be implemented using con-
trol of both the compressor 211 and/or said pump, as
well as the expansion valve 242.
[0062] During such a regulation, it is preferred that the
control of the compressor 211 is performed so as to
achieve a desired system 100 power, while the expan-
sion valve 242 is controlled so as to achieve a desired
heat medium temperature, as described in further detail
below.
[0063] A similar regulation can be performed of the
shared heat medium in the case in which the inner-loop
and primary-side circuit share one and the same heat
carrier. Then, the temperature of the heat medium may
be measured using temperature sensor 216 and the com-
pressor 211 and/or a pump and/or the expansion valve
242 may be controlled so as to achieve a heat medium
temperature making it possible for the heat medium to
be heated when passing the corresponding heat ex-
changing means of the selected primary heat sources or
sinks.
[0064] In particular, in the preferred case that the pri-
mary heat sources or sinks to which the said valve means
is arranged to selectively direct the primary-side heat me-
dium comprise at least one heat source or sink which is
outdoors air and at least one heat source or sink which
is the ground (as illustrated in the figures), it is preferred
to only cool the ground, in particular a bore hole 431,
when the ground temperature, as measured by sensor
432, is higher than the outdoors air, as measured by sen-
sor 412. This also results in a simple and efficient way
of not cooling the ground unnecessarily, which provides
for a more efficient use of available thermal energy in the
ground.
[0065] In case exhaust air is available via conduit 453,
and in case that exhaust air is warmer than the outdoors
air, it is preferred to use heat source 452 instead of, or,
preferably, in addition to, heat source 422, at least as
long as the heat source 433 is cooler than heat source
452.
[0066] Correspondingly, according to a preferred em-
bodiment, the control means 500 is further arranged to,
in a secondary-side cooling operating mode, control the
valve means 421, 431, 451 to selectively direct the pri-
mary-side heat medium to only the primary heat ex-
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changing means with the lowest temperature, as meas-
ured by the temperature sensors 423, 424, 425, 432,
434, 435 and/or 454. This will provide high operating ef-
ficiency.
[0067] In the preferred embodiment in which several
primary-side heat sources or sinks are used during said
secondary-side heating operation mode, it is further pre-
ferred that the control means 500 is arranged to selec-
tively direct primary-side heat medium to at least two of
the primary heat exchanging means with higher temper-
atures than a predetermined minimum temperature. In
particular, it is preferred that all, or at least two, of the
primary heat sources that are warmer, for the time being,
than the said predetermined minimum temperature are
used. Preferably, the said predetermined minimum tem-
perature is between 0 and 10°C, more preferably be-
tween 2 and 5°C. In particular, it is preferred that outdoors
air (source 422) is not used as a heat source in case the
temperature of the outdoors air is less than about 2°C
above the average current temperature of the ground
when a ground heat source 433 is available. The average
current temperature can be measured in a way which is
conventional as such.
[0068] In a similar preferred embodiment for use during
the mentioned secondary-side cooling operation mode,
in which several primary-side heat sources or sinks are
used during said secondary-side cooling operation
mode, it is further preferred that the control means 500
is arranged to selectively direct primary-side heat medi-
um to at least two of the primary heat exchanging means
with lower temperatures than a predetermined maximum
temperature. In particular, it is preferred that all, or at
least two, of the primary heat sources that are cooler, for
the time being, than the said predetermined maximum
temperature are used. Preferably, the said predeter-
mined maximum temperature is between 5 and 15°C,
more preferably between 7 and 10°C. In particular, it is
preferred that outdoors air (source 422) is not used as a
cool source in case the temperature of the outdoors air
is more than about 2°C below the average temperature
of the ground when a ground cool source 433 is available.
[0069] In particular, the following different secondary-
side heating operating modes are envisaged:

1. During a cold season, such as winter in tempered
climates, when there is a need for heating indoors
air and tap water, and when the outdoors air is cooler
than the ground surrounding the bore hole 431, ther-
mal energy is only drawn from the ground. In other
words, the three-way valve 421 is set as shown by
the flow arrows in figure 1b, with left and right outlets
open and the top outlet (as seen in the orientation
of the figures) closed. At the same time, the three-
way valve 431 is set with its left and right outlets
open, but the bottom one closed. Then, the primary-
side heat medium flows as is illustrated in figure 1b.
This way, the more efficient heat from the ground
(as compared to from the outdoors air) can be used

for heating of the construction. It is noted that, in this
mode, the exhaust air may be heated also, if avail-
able. This is then performed by the three-way valve
451 having its right and bottom outlets open and its
left outlet closed, which is also illustrated in figure 1b.

2. During a warm season, such as summer in tem-
pered climates, when the outdoors air is warmer than
the ground surrounding the bore hole 431, thermal
energy is only drawn from the outdoors air. Hence,
the three-way valve 421 is set with its left and top
outlets open, and its right outlet closed, while three-
way valve 431 is set with its left and bottom outlets
open, and its right outlet closed. Then, flow of prima-
ry-side heat medium will be as in figure 1a. In this
case, as well as in operating mode 1, the exhaust
air may also be used, such as illustrated in figures
1a and 1b.

3. In case the temperature difference between two
heat sources, such as the outdoors air and the
ground, is less than a predetermined value, such as
5°C, it is preferred that only heat sources that do not
require an operating fan, such as the ground heat
exchanger 433 and the exhaust air heat exchanger
452 in the particular case illustrated in the figures,
are used.

4. During unusually large requirements for heating
at the secondary side 300, the three-way valve 421
has its left and top outlet open, while its right outlet
is closed, and the three-way valve 431 has its left
and right outlet open, while its bottom outlet is closed.
Then, the flow will be as illustrated in figures 1c and
1d, and both primary-side heat sources will be used
for heating at a heating power which is higher than
a normal heating power provided only using one of
the heat sources. This operation mode is also useful
when there is a need for secondary-side 300 heating
and the outdoors air is warmer than the ground (in
this case, a large temperature difference is allowed
between outdoors air and the ground). Then, the out-
doors air heat exchanger 422 will be passed first by
the primary-side heat medium, such that it is pre-
heated by the outside air, after which the hence pre-
heated heat medium passes the bore hole 431 in the
ground. This way, a heated primary-side heat medi-
um will result for heat exchange in heat exchanger
214 with the inner circuit 210, 220, 230, 240, 250,
while at the same time the ground surrounding the
bore hole 431 will be recharged with heat.

5. During times when the ground surrounding the
bore hole 431 is cooler than the outdoors air, and
when there is no need for heating or cooling at the
secondary side 300 for the time being, it is preferred
that the three-way valve 421 is set with its left and
top outlets open, while its right outlet is closed, and
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that the three-way valve 431 is set with its left and
right outlets open, while its bottom outlet is closed,
why the primary-side heat medium flow is as illus-
trated in figures 1c and 1d. At the same time, the
inner circuit 210, 220, 230, 240, 250 flow is inacti-
vated, by the compressor 211 being switched off,
resulting in no heat exchange at heat exchanger 214.
The result is that thermal energy is moved from the
outdoors air to the bore hole 431, effectively recharg-
ing the ground surrounding the bore hole 431 with
heat, which may be used during the cold season for
heating of the construction. Hence, this is a bore hole
431 recharging operation mode. It is noted that the
three-way valve 411 (see below) in this case has its
left and right outlets open and its top outlet closed,
so that no thermal transfer is performed between the
primary 400 and secondary 300 sides.

[0070] The bore hole 431 recharging mode is particu-
larly preferred for already existing bore holes 431 that
are under-dimensioned, such as in terms of bore hole
431 depth, for the heating requirements of the said con-
struction. In this case, it is a method according to a pre-
ferred embodiment of the present invention comprises
an initial step in which the system 100 components are
installed using said already-existing bore hole 431, and
in that the method further comprises a step in which the
bore hole 431 is recharged as described above under
operating mode 5. Preferably, the temperature of the heat
medium leaving the bore hole 431 is measured, and a
trend is monitored. Recharging mode is then initiated as
needed based upon the said trend, so that the bore hole
431 is recharged when the ground surrounding the bore
hole 431 becomes too cool.
[0071] In addition to the modes 1-5 described above,
the exhaust air heat exchanger 452 can be used as a
heat source whenever so is desirable, to increase the
efficiency of the system 100.
[0072] As mentioned above, the present invention fur-
ther encompasses a method for controlling the heat
pump device 100. Such a method comprises a step in
which the control means 500 measures the temperature
of said secondary heat sources or sinks, as well as a
further step, in the above described secondary-side heat-
ing operating mode, in which the control means 500 con-
trols the valve means 421, 431 to selectively direct the
primary-side heat medium to only the primary heat ex-
changing means with the highest temperature, or to sev-
eral of said primary heat exchanging means having the
highest temperatures.
[0073] According to a preferred embodiment, the
speed of the compressor 211 can furthermore be dynam-
ically controlled, by the control means 500. Furthermore
according to this embodiment, a respective opening size
of at least one, preferably each, of the expansion valves
232, 242 is adjustable, also by the control means 500.
Then, the control means 500 is arranged to control the
instantaneous power of the heat pump system 100 by

controlling the instantaneous speed of the compressor
211, and the control means 500 further being arranged
to, at the same time, control an output temperature of the
heat medium (in the exemplifying embodiment illustrated
in the figures by the internal heat medium) flowing out
from the respective expansion valve 232,242 by control-
ling the opening of the expansion valve 232, 242 in ques-
tion given the controlled speed of the compressor 211.
[0074] A compressor 211 speed increase will result in
an increased pressure difference across the compressor
211, together with an increased temperature of the inner
heat medium flowing out from the compressor 211. A
more open expansion valve 232, 242 will result in a great-
er flow of heat medium out from the expansion valve 232,
242 in question but at the same time lower temperature
of such heat medium. Hence, by setting the speed of the
compressor 211 to correspond to a desired heat pumping
power and then adjusting the expansion valve 232, 242
to a desired output temperature of the inner heat medium,
a heat medium of a particular temperature (for heat ex-
changing with secondary-side heat consumers) is pro-
duced at a desired heating power.
[0075] This results in a flexible heating power. During
"normal" operation, the compressor 211 may be set to a
non-maximum speed, meeting the heating power needs
of a "normal" state of the construction. However, during
heavier heating power requirements, the compressor
211 speed can be increased to meet the higher require-
ments while still producing heat medium of a desired tem-
perature using a controlled smaller expansion valve 232,
242 opening. As a consequence, the heat pumping sys-
tem 100 can be designed without the need for an addi-
tional top-up heating source, such as an electrical direct
heating source, for handling peak heating operation sit-
uations, and still providing for efficient operation during
most operation situations. This provides for better econ-
omy and environmental concern. Furthermore, during
times when the construction cannot accept heating at a
normal rate without being overheated, the compressor
speed can be controlled down to meet such decreased
heating requirements rather than being completely
switched off.
[0076] Further advantages will be explained in connec-
tion to the following preferred embodiments.
[0077] It is noted that a method according to the
present invention preferably comprises a corresponding
method step, in which the speed of the compressor 211
is controlled by the control means 500, so as to achieve
a certain heat pumping power of the heat pump system
100. Furthermore, the method comprises a step in which
an opening of the expansion valve 232, 242 is adjusted
by the control means 500 so as to achieve a certain output
temperature of inner heat medium flowing out from the
expansion valve 232, 242 in question, given the control-
led speed of the compressor 211.
[0078] That the expansion valve 232, 242 is controlled
"given the controlled speed of the compressor 211"
means that the compressor 211 is controlled to a partic-
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ular speed, and that the expansion valve 232, 242 is con-
trolled to achieve the said output temperature with the
compressor 211 speed as a given variable.
[0079] According to one preferred embodiment, illus-
trated in the figures, the heat pump system 100 compris-
es at least two secondary heat exchanging means 314,
315, 316 as explained above, and the heat pump system
100 further comprises a valve means 311, 312, 313 as
described above, arranged to, under control from the
control means 500, selectively direct the secondary-side
heat medium to one or several of said secondary heat
exchanging means 314, 315, 316, preferably for heating
one or several corresponding secondary-side heat con-
sumers. Furthermore, the control means 500 is arranged
to control the said output temperature of the heat medium
flowing out from the expansion valve 242 based upon
what secondary heat exchanging means 314, 315, 316
is or are used for this heat exchange for the time being.
[0080] Hence, if a low-temperature floor heating sys-
tem circuit 330 is active as the only used secondary-side
heat consumer, the output temperature is controlled to a
relatively low value, such as between 20-50°C, with a
corresponding large flow velocity of the heat medium
flowing out from the expansion valve 242. On the other
hand, if tap water 343 is to be heated, the output tem-
perature is controlled to a relatively high value, such as
between 50-70°C, with a corresponding small flow ve-
locity of the heat medium flowing out from the expansion
valve 242. Hence, depending on what secondary-side
heat consumer(s) is or are to be used, the temperature
of the heat medium can be altered without modifying the
overall operating power of heat pumping function of the
system 100. When there are several secondary-side heat
consumers, it is preferred that a desired heat exchanging
temperature for the highest temperature-desiring sec-
ondary-side heat consumer is selected as the desired
output temperature from the expansion valve 242. In the
latter case, a feedback or shunt valve arrangement (not
shown in the figures) can be used to lower the tempera-
ture of the secondary-side heat medium flowing through
lower temperature-requiring secondary-side heat con-
sumer heat exchangers.
[0081] In particular, it is preferred that the heat medium
circuit 210, 220, 230, 240, 250, 310, 320, 410, 420, 430,
440, 450, 460 comprises at least two secondary heat
exchanging means 314, 315, 316. Then, the system 100
can be operated in a first secondary-side heating oper-
ating mode, in which a secondary heat exchanging
means 314 (or 315 in combination with 331 and 332) is
used to transfer thermal energy to indoors air. Further,
the system 100 can be operated in a second secondary-
side heating operating mode, in which a secondary heat
exchanging means 316 is used to transfer thermal energy
to hot tap water 343. Under these prerequisites, the open-
ing of the expansion valve 242 is adjusted so that the
output temperature of heat medium flowing out from the
expansion valve 242 is higher in the second secondary-
side heating operating mode than in the first secondary-

side heating operating mode. Such different secondary-
side heating operating modes can then be used alternat-
ingly, such as using an alternation time interval of be-
tween 5 and 30 minutes, to over time provide heat to both
indoors air and hot tap water.
[0082] According to a particularly preferred embodi-
ment of the present invention, the said control of the ex-
pansion valve 232, 242 opening is a feedback control
which is based upon a measurement value from a re-
spective temperature sensor 233, 243, comprised in the
heat pump 100 system and arranged downstream of the
respective expansion valve 232, 242 opening. The meas-
urement value is provided to the control device 500,
which then dynamically controls the expansion valve 232,
242 in question in a feedback manner, so as to keep the
desired output temperature of the expansion valve 232,
242 depending on the current operation mode of the heat
pump system 100.
[0083] According to one preferred embodiment, the
control of the compressor 211 speed is controlled to meet
a desired total heat pumping power of the system 100,
and based upon a given current temperature of one or
several primary-side heat sources or sinks. More partic-
ularly, in this embodiment the heat pump system 100
comprises at least one temperature sensor 423, 424,
425, 432, 434, 435, 454, arranged to measure the tem-
perature in a respective one of said primary heat ex-
changing means or of the corresponding primary-side
heat medium after heat exchange in the primary heat
exchanging means in question. The system 100 can then
be operated in a first primary-side heating operating
mode, in which at least one of said primary heat exchang-
ing means 433 is used to transfer thermal energy from
the ground or a water body, such as a lake, as well as in
a second primary-side heating operating mode, in which
at least one of said primary heat exchanging means 422
is used to transfer thermal energy from the outdoors air.
According this embodiment, the control device 500 is ar-
ranged to then control the speed of the compressor 211
so that the total instantaneous heating power require-
ment for the heat pump system 100 is met given the cur-
rent measured temperature in the said primary heat ex-
changing means of the primary-side heat medium after
the heat exchange performed in the currently used pri-
mary-side heating operating mode. It is noted that the
compressor 211 speed required to meet a particular total
power requirement is different for these two primary-side
heating operation modes, using different temperatures
of the primary-side heat medium flowing through the heat
exchanger 214. Alternatively, the temperature of the pri-
mary-side heat medium can also be measured at the
heat exchanger 214, using an optional temperature sen-
sor 462.
[0084] A normal building, in particular a small one- or
two family house, typically has a thermal energy require-
ment that varies heavily over time. Sometimes, the en-
ergy requirement will be zero, while peak energy require-
ments may be high, with the upper limits being deter-
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mined by, for instance, the size of the house, the tem-
perature difference between outdoors air and indoors air,
as well as hot tap water usage. For a normal one- or two
family house located in tempered climates such as in the
Nordic countries, a typical thermal energy requirement
is between about 0-12 kW at any given point in time over
the year.
[0085] Conventionally, to handle peak requirements,
a geothermal heat pump is combined with a direct elec-
trical heating which is only used during peak production.
When using the heat pump system 100 of the present
invention, it is preferred not to use any such additional
heating system for use only during peak production, and
in particular not such a direct electrical heating system,
arranged to electrically heat indoors air directly or via a
liquid radiator circuit, or hot tap water, at all. Instead, it
is preferred to use control of the compressor 211 speed
as described above to adjust the power of the system
100 to handle shifting heating (or cooling) needs.
[0086] Another conventional alternative is to use an
accumulation tank, such as an additional water tank, to
store thermal energy for use during peak requirements.
According to the present invention, it is preferred not to
have such an accumulation tank, apart from a possible
hot tap water tank 342. According to one embodiment,
there may however exist an accumulation tank (not
shown in the figures) along circuit 310, from which all or
some of the secondary-side heat exchangers 314, 315,
316 draw their heat and/or cold.
[0087] In the following, particular examples are de-
scribed of operation of the heat pump system 100 in ac-
cordance with the present invention, especially with re-
spect to the variability of the compressor 211 and the
expansion valve(s) 232, 242.
[0088] In a first example, the outdoors temperature is
a bit cooler than what is normal for the location at which
the construction is situated, say that the outdoors tem-
perature is 0°C. The current heating requirements of the
building in question are high, since a user of the building
has recently taken a bath, why there is a need to reheat
relatively large amounts of hot tap water. Also, the weath-
er forecast delivered to the control means 500 indicates
that the outdoors temperature is about to fall to even low-
er temperatures during the coming hours.
[0089] Hence, as a result the control means 500 initi-
ates an operating mode in which maximum heat is to be
delivered to both the heat exchangers 314 and 315, and
also to the heat exchanger 316 for heating hot tap water.
At the moment, measured temperatures indicate to the
control means 500 that energy can be efficiently drawn
from both the outdoors air and the bore hole 431. There-
fore, the primary-side heat medium is circulated passed
both heat exchangers 422, 433, to deliver thermal energy
to the inner circuit 210, 220, 230, 240, 250 via the heat
exchanger 214. The compressor 211 is set to maximum
speed, providing maximum heat pumping power, and the
expansion valve 242 is set, during each point in time dur-
ing operation, so that the temperature is suitable for heat-

ing either indoors air or hot tap water, in case these two
secondary-side heating actions are performed one at a
time (preferably in an alternating manner, in which the
valves 311, 312, 313 are activated so that the secondary-
side heat medium is delivered to the heat exchangers
314/315 or 316 alternatingly, every other predetermined
time period). For heating indoors air, the expansion valve
242 will be set to a more open position than is the case
for when heating tap water, as explained above. In case
both heat exchangers 314/315 and 316 are operated si-
multaneously, the expansion valve 242 may be set so
that the secondary-side heat medium assumes a tem-
perature which is suitable for heat exchanging with the
indoors air heat exchangers 314 or 315.
[0090] In a second example, the expansion valve 232,
242 is operated across differently open states to achieve
different aims. For instance, if a non-zero heat pumping
action is instead desired, the expansion valve 232, 242
must provide a pressure difference between heat medi-
um upstream and downstream of the expansion valve
232, 242. In this latter case, the expansion valve 232,
242 may be set by the control means 500 to any setting
between 0-50% open.
[0091] In case the compressor 211 operates at full
speed, a 40% open expansion valve 232, 242 may, in an
exemplifying case, result in 80°C inner heat medium. In
case the compressor 211 operates at 50% of full speed,
the expansion valve 232, 242 may be set to 20% open,
and as a result provide 85°C inner heat medium with a
total instantaneous power of about half of the full speed
example. Hence, the same or nearly the same heat me-
dium temperature can be achieved using various heat
pumping powers.
[0092] In a third example, it is summer in a Nordic coun-
try. The outdoors temperature is 25°C, and there is no
need for indoors heating. However, the need for hot tap
water is higher than normal. Also, there is a need for
heating of a pool 342. Thermal energy is then drawn from
the outdoors air only (providing higher efficiency and
avoiding cooling of the ground), via heat exchanger 422,
and is delivered at medium power and high temperature,
by control of the compressor 211 and the expansion valve
242, to respective secondary-side tap water and pool
heat exchangers. In case cooling of indoors air is re-
quired, intermittent/interchanging operation may be per-
formed by the control means, in which indoors air is
cooled via corresponding secondary-side heat exchang-
ers and pushing thermal energy into only the bore hole
431 (recharging the bore hole 431) by setting valves 421,
431 at illustrated in figure 1b while running the heat pump
part 200 as illustrated in figure 1d, during every other
predetermined time period, and in which tap water and
pool water is heated during every other predetermined
time period, drawing thermal energy only from outdoors
air by setting valves 421, 431 as illustrated in figure 1a.
The power and heat medium temperature is adjusted so
as to suit the particular requirements during every such
predetermined time period.
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[0093] In particular, the power of the compressor 211
is controlled down in the heating sequence of this oper-
ating mode in case there is a risk of overheating the tap
water or the pool water. This will avoid the heat pump
system 100 to have to be shut down for security reasons,
which is otherwise a risk with a conventional system.
[0094] In general, it is preferred that a variable com-
pressor 211 according to the present invention is dimen-
sioned so that it runs at peak compressor efficiency at or
near a "normal" heat pump requirement of the construc-
tion, and so that it also has capacity of delivering a max-
imum heat pump power which covers most operating pre-
requisites. For instance, if a "normal" power requirement
is about 5 kW, the compressor 211 should run at or near
its peak efficiency at a speed corresponding to 5 kW when
using a 5°C primary-side heat medium (which would be
a normal temperature in the present example, using the
bore hole 431 located in the Stockholm area). The elec-
trical power required to run the heat pump system 100
at this power and under those prerequisites would be
about 1 kW or thereabouts.
[0095] The heat pump system 100 also allows a direct
cooling operation without heat pumping action ("free
cooling"), according to the following. In this embodiment,
the heat pump system 100 comprises a respective tem-
perature sensor 423, 424, 425, 432, 434, 435, measuring
the temperature in the said primary heat exchange
means 422, 433 or of the primary-side heat medium after
heat exchange in the primary heat exchange means 422,
433. Then, the heat pump system 100 can be operated
in a first secondary-side cooling operating mode, in which
the heat medium cools indoors air. In this operating
mode, the control device 500 is arranged to control a
valve means 411 comprised in the primary side 400 of
the heat pump system 100 so that the heat pump part
200 is bypassed in the said first secondary-side cooling
operation and when the measured temperature in the
used primary heat sink is lower than a predetermined
temperature value. A circulation pump 413 in the circuit
410 is used to provide the primary-side heat medium to
heat exchanger 412, which in turn is arranged to transfer
thermal energy from the secondary-side heat medium in
circuit 310 to primary-side heat medium in circuit 410.
This way, the cooled primary-side heat medium will, via
heat exchanger 412, achieve cooled primary-side heat
medium, which is then used to cool the indoors air, for
instance via heat exchangers 314 and/or 315. In this
case, which is illustrated in figure 1d, the said predeter-
mined temperature value may be as high as about 4-5°C
lower than the desired indoors air. Since no heat pumping
is required in this operating mode, less energy will be
spent while still achieving a comfortable indoors climate,
using the same heat pump system 100 as is capable of
providing flexible and efficient thermal energy manage-
ment as described in the numerous embodiments ex-
plained above. According to one preferred embodiment
of the present invention, the heat pump system 100 can
be used in a method for monitoring valve leaks in the

heat pump system 100. In this aspect, there are at least
three heat exchanging means 314, 315, 316, 422, 433,
452, as described above, arranged to transfer thermal
energy between the secondary, inner and/or primary heat
medium and a respective heat source or sink selected
from outdoor air, a water body, the ground, indoor air,
pool water or tap water. There are also valve means 311,
312, 313, 421, 431, 451, arranged to selectively direct
the heat medium to at least two of said heat exchanging
means. This has been described in detail above.
[0096] In this embodiment, the heat pump system 100
comprises respective pairs of temperature sensors 314a,
314b; 315a, 315b; 316a, 316b; 424, 425; 434, 435; and
455; 454, arranged both upstream and downstream of
at least one, preferably each, of said heat exchanging
means 314, 315, 316, 422 433, 452. Then, the determi-
nation by the control means 500 of which primary and/or
secondary heat exchanging means 314, 315, 316, 422,
433, 452 to direct the corresponding heat medium to, as
described above for different operating modes, is per-
formed based upon temperature measurement values
comprising at least one value read from said sensors of
said temperature sensor pairs. Further, when respective
heat medium is not directed to a certain one of said heat
exchanging means, the control means 500 is arranged
to read a measured temperature value upstream and
measured temperature value downstream of the certain
heat exchanging means in question, to compare these
values to each other and to set off an alert in case the
values differ by more than a predetermined value.
[0097] Namely, such a read temperature difference in-
dicates that there is a leakage in a valve arranged to
direct heat medium to the heat exchanger in question,
and such an alert is preferably arranged to warn a main-
tenance responsible person that the valve in question
may need service or replacement. The valve may be any
type of valve, such as a shut-off valve or a three-way
valve.
[0098] For example, in case no heat medium is to be
delivered to heat exchanger 314, the shut-off valve 311
is activated, with the purpose of stopping secondary-side
heat medium to flow past the heat exchanger 314. Then,
temperature sensors 314a, 314b are read, and if there
is a detected temperature difference between the values
read from these sensors, which difference is larger than
a predetermined value, it is likely that the shut-off valve
does not function properly, and the alert is set off.
[0099] Another example is that the temperature sen-
sors 424, 425 are used, as described above, to determine
that the heat exchanger 422 is not be used in the current
operating mode. Therefore, the three-way valve 421 is
set into the position in which its left and right outlets are
open and its top outlet is closed, resulting in that no pri-
mary-side heat medium flows through circuit 420 past
heat exchanger422. In case the control means 500 there-
after reads a temperature difference between sensors
424 and 425, this would indicate that the three-way valve
is not working properly, and an alarm is set off with re-
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spect to the three-way valve.
[0100] Since the said temperature difference measur-
ing sensors are a part of the heat pump system 100 an-
yway, using them to detect a malfunctioning valve adds
only very little additional complexity to the system 100.
[0101] According to one preferred embodiment, the
said temperature difference is measured and considered
by the control means 500 only a certain time period, such
as at least 5 minutes, after the respective heat exchanger
has been inactivated, in other words that control means
500 has determined that no heat medium is to be directed
to the respective heat exchanger. This will use the com-
puting power of the control means to avoid false alarms
being set off in connection to the disconnection of par-
ticular heat exchangers.
[0102] According to another preferred embodiment,
the control means 500 measures the said temperature
difference repeatedly over time when the corresponding
heat exchanger is disconnected, in other words when it
does not receive any heat medium, and sets off said alert
in case the read absolute temperature difference increas-
es with more than a predetermined value, preferably at
least 2°C, between a reference reading, measured pre-
viously but after the disconnection of the heat exchanger
in question, that is when the heat medium was discon-
nected to the heat exchanger in question, and a later
reading, measured after the reference reading while the
heat exchanger is still disconnected.
[0103] According to one preferred embodiment, the
temperature value under the currently used operating
mode is measured over an extended time period, so as
to provide the control means 500 with statistical data over
how the measured temperature difference varies. Then,
the alarm is set off in case the measured temperature
difference deviates more than a predetermined number
of standard deviations from zero.
[0104] The alarm can, for instance, be in the form of a
digital message automatically sent to a predetermined
SMS, e-mail or other type of preregistered recipient.
[0105] Hence, a method according to the present in-
vention will, in this case, comprise a step in which the
control means 500 reads temperature measurement val-
ues comprising at least one value read from said tem-
perature sensor pairs and, based upon these values, de-
termines to what heat exchanging means the heat me-
dium is to be directed. Then, such a method further com-
prises a step in which, when heat medium is not directed
to a certain heat exchanging means the control means
reads a measured temperature value upstream and
downstream of the certain heat exchanging means, com-
pares these values to each other and sets off the said
alert in case the values differ by more than said prede-
termined value.
[0106] In the alternative system described above, in
which the heat pump part 200 and the primary-side part
400 share one and the same heat medium, the heat ex-
changer 214 is hence not used. Furthermore, in such an
alternative system, the heat pump part 200 is preferably

not reversible, but only arranged for heating. The free
cooling circuit 410 is also not used.
[0107] A system and a method according to the above
solve the initially mentioned problems.
[0108] Above, preferred embodiments have been de-
scribed. However, it is apparent to the skilled person that
many modifications can be made to the disclosed em-
bodiments without departing from the basic idea of the
invention.
[0109] For instance, it is realized that the details of the
heat pump system 100 as illustrated in the figures, such
as position of temperature sensors, combination of pri-
mary/secondary heat sources or sinks, etc. can vary, de-
pending on circumstances.
[0110] The embodiments illustrated in the figures each
comprise quite many details. This may be the case in an
actual embodiment of the present invention. However, it
is also realized that the reason for the figures being de-
tailed is to illustrate several different aspects of the in-
vention. Hence, embodiments of the invention may com-
prise only more limited number of details, as defined by
the claims. For instance, the exhaust air heat exchanger
452 may or may not be used in combination with the other
features shown in figures 1a-1d.
[0111] In general, the above described embodiments
and features of the present heat pump system 100 and
methods are freely combinable, as applicable. For in-
stance, one or several of the primary-side heat sources
or sinks can be dynamically selected for exploitation of
thermalenergy as described above, while at the same
time the compressor and expansion valve can be con-
trolled dynamically so as to at all times meet an instan-
taneous required total heat pumping power and heat me-
dium temperature for a currently used secondary-side
application. This way, an optimal use of primary-side heat
sources or sinks can be combined with a desired sec-
ondary-side energy use, in a way which functionally dis-
connects the primary side 400 from the secondary side
300 in the sense that these sides can be operated in a
way in which one side is operated independently of the
other so as to achieve the particular respective current
operating goals.
[0112] Furthermore, what has been described above
in relation to the system 100 according to the present
invention is also freely applicable, correspondingly, to
the method according to the present invention, and vice
versa, as applicable.
[0113] Hence, the invention is not limited to the de-
scribed embodiments, but can be varied within the scope
of the enclosed claims.

Claims

1. Heat pump system (100) comprising a heat medium
circuit (210,220,230,240,250,310,320,410,420,430,
440,450,460) in turn comprising
at least three heat exchanging means (314,315,316,
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422,433,452) arranged to transfer thermal energy
between the heat medium and a respective heat
source or sink selected from outdoor air, a water
body, the ground, indoor air, pool water, tap water
or a topmost ground layer,
a valve means (311,312,313,421,431,451) arranged
to selectively direct the heat medium to at least two
of said heat exchanging means, and
a control means (500) arranged to control said valve
means,
wherein the heat pump system comprises respective
temperature sensors (314a,314b;315a,315b;316a,
316b;423,424,425;432,434,435) both upstream and
down-stream of at least one of said heat exchanging
means, in that the control means is arranged to,
based upon temperature measurement values com-
prising at least one value read from said sensors,
determine to which heat exchanging means the heat
medium is to be directed, characterised in that
when heat medium is not directed to a certain heat
exchanging means the control means is arranged to
read, repeatedly over time, a measured temperature
value upstream and downstream of the certain heat
exchanging means, and to set off an alert in case a
difference between the read temperatures increases
by more than a predetermined value between a ref-
erence reading, measured previously but after the
disconnection of the delivery of heat medium to the
heat exchanger in question, and a later reading,
measured after the reference reading while the heat
exchanger still does not receive any heat medium.

2. Heat pump system (100) according to claim 1, char-
acterised in that the predetermined value is at least
2°C.

3. Heat pump system (100) according to claim 1 or 2,
characterised in that the control means (500) is
arranged to measure said temperature values over
an extended time period, so as to obtain statistical
data over how the measured temperature difference
varies, and in that the alarm is set off in case the
measured temperature difference deviates more
than a predetermined number of standard deviations
from zero.

4. Heat pump system (100) according to any one of the
preceding claims, characterised in that the heat
pump system further comprises a compressor (211),
an expansion valve (232,242), at least two primary
heat exchanging means (422,433,452) arranged to
transfer thermal energy between a primary-side heat
medium and at least one of two different primary heat
sources or sinks selected from outdoor air, a water
body or the ground, at least one secondary heat ex-
changing means (314,315,316), arranged to transfer
thermal energy between a secondary-side heat me-
dium and at least one of two different secondary heat

sources or sinks selected from indoors air, pool water
and tap water, a respective temperature sensor (423,
432,454) arranged to measure the temperature of
each of said primary heat sources or sinks, and a
valve means (421,431,451) arranged to selectively
direct the primary-side heat medium to at least one
of said primary heat exchanging means, and in that
the control means is arranged to, in a secondary-
side heating operating mode, measure the temper-
ature of said primary heat sources or sinks, and to
control the valve means to selectively direct the pri-
mary-side heat medium to only the primary heat ex-
changing means associated with the heat source or
sink with the highest temperature, or to several of
said primary heat exchanging means associated
with the respective heat sources or sinks with the
highest temperatures.

5. Heat pump system (100) according to any one of the
preceding claimss, characterised in that the heat
pump system further comprises a compressor (211),
an expansion valve (232,242), at least one primary
heat exchanging means (422,433,452) arranged to
transfer thermal energy between a primary-side heat
medium and a primary heat source or sink selected
from outdoor air, a water body or the ground, at least
one secondary heat exchanging means (314,315,
316), arranged to transfer thermal energy between
a secondary-side heat medium and a secondary
heat source or sink selected from indoors air, pool
water and tap water, and in that the speed of the
compressor can be controlled, in that an opening of
the expansion valve is adjustable, in that the control
means is arranged to control the power of the heat
pump system by controlling the speed of the com-
pressor, and in that the control means is arranged
to control an output temperature of heat medium
flowing out from the expansion valve by controlling
the opening of the expansion valve given the con-
trolled speed of the compressor.

6. Method for monitoring valve leaks in a heat pump
system comprising a heat medium circuit (210,220,
230,240,250,310,320,410,420,430,440,450,460) in
turn comprising
at least three heat exchanging means (314,315,316,
422,433,452) arranged to transfer thermal energy
between the heat medium and a respective heat
source or sink selected from outdoor air, a water
body, the ground, indoor air, pool water, tap water
or a topmost ground layer,
a valve means (311,312,313,421,431,451) arranged
to selectively direct the heat medium to at least two
of said heat exchanging means, and
a control means (500) arranged to control said valve
means,
wherein the heat pump system comprises respective
temperature sensors (314a,314b;315a,315b;316a,
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316b;423,424,425;432,434,435) both upstream and
down-stream of at least one of said heat exchanging
means, in that the method comprises a step in which
the control means reads temperature measurement
values comprising at least one value read from said
sensors and, based upon these values, determines
to what heat exchanging means the heat medium is
to be directed, characterised in that the method
further comprises a step in which, when heat medium
is not directed to a certain heat exchanging means
the control means reads, repeatedly over time, a
measured temperature value upstream and down-
stream of the certain heat exchanging means, and
sets off an alert in case a difference between the
read temperatures increases by more than a prede-
termined value between a reference reading, meas-
ured previously but after the disconnection of the de-
livery of heat medium to the heat exchanger in ques-
tion, and a later reading, measured after the refer-
ence reading while the heat exchanger still does not
receive any heat medium.

7. Method according to claim 6, characterised in that
the predetermined value is at least 2°C.

8. Method according to claim 6 or 7, characterised in
that the control means (500) measures said temper-
ature values over an extended time period, so as to
obtain statistical data over how the measured tem-
perature difference varies, and in that the alarm is
set off in case the measured temperature difference
deviates more than a predetermined number of
standard deviations from zero.

9. Method according to any one of claims 6-8, charac-
terised in that the said temperatures are measured
and considered by the control means (500) only a
certain time period after the control means has de-
termined that no heat medium is to be directed to
the respective heat exchanger (314,315,315,422,
433,452).

10. Method according to any one of claims 6-9, charac-
terised in that the heat pump system is further
caused to comprise a compressor (211), an expan-
sion valve (232,242), at least two primary heat ex-
changing means (422,433,452) for transferring ther-
mal energy between a primary-side heat medium
and at least one of two different primary heat sources
or sinks selected from outdoor air, a water body or
the ground, at least one secondary heat exchanging
means (314,315,316), for transferring thermal ener-
gy between a secondary-side heat medium and at
least one of two different secondary heat sources or
sinks selected from indoors air, pool water and tap
water, a respective temperature sensor (412,432)
for measuring the temperature of each of said pri-
mary heat sources or sinks, and a valve means (444,

413) for selectively directing the primary-side heat
medium to at least one of said primary heat exchang-
ing means, and in that the method comprises a step
in which the control means measures the tempera-
ture of said secondary heat sources or sinks, and in
that the method further comprises a step, in a sec-
ondary-side heating operating mode, in which the
control means controls the valve means to selective-
ly direct the primary-side heat medium to only the
primary heat exchanging means with the highest
temperature, or to several of said primary heat ex-
changing means with the highest temperatures.

11. Method according to any one of claims 6-10, char-
acterised in that the heat pump system is further
caused to comprise a compressor (211), an expan-
sion valve (232,242), at least one primary heat ex-
changing means (411,433) for transferring thermal
energy between a primary-side heat medium and a
primary heat source or sink selected from outdoor
air, a water body or the ground, at least one second-
ary heat exchanging means (314,315,316), for trans-
ferring thermal energy between a secondary-side
heat medium and a secondary heat source or sink
selected from indoors air, pool water and tap water,
and in that the method comprises a step in which
the speed of the compressor is controlled by the con-
trol means, so as to achieve a certain power of the
heat pump system, and in that the method further
comprises a step in which an opening of the expan-
sion valve is adjusted by the control means so as to
achieve a certain output temperature of heat medium
flowing out from the expansion valve given the con-
trolled speed of the compressor.

Patentansprüche

1. Wärmepumpensystem (100) mit einem Wärmeme-
dium-Kreislauf (210, 220, 230, 240, 250, 310, 320,
410, 420, 430, 440, 450, 460), der wiederum Fol-
gendes umfasst mindestens drei Wärmetauschein-
richtungen (314, 315, 316, 422, 433, 452), die kon-
figuriert sind, um Wärmeenergie zwischen dem Wär-
memedium und einer entsprechenden Wärmequelle
oder-senke, die aus der Außenluft, einem Wasser-
volumen, dem Boden, der Innenluft, dem Poolwas-
ser, dem Leitungswasser oder einer obersten Bo-
denschicht ausgewählt ist, zu übertragen,
eine Ventileinrichtung (311, 312, 313, 421, 431,
451), die konfiguriert ist, um das Wärmemedium se-
lektiv zu mindestens zwei der Wärmetauscheinrich-
tungen zu leiten, und eine Steuerungseinrichtung
(500), die zur Steuerung der genannten Ventilein-
richtung konfiguriert ist,
wobei das Wärmepumpensystem jeweilige Tempe-
ratursensoren (314a, 314b; 315a, 315b; 316a, 316b;
423, 424, 425; 432, 434, 435) sowohl stromaufwärts
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als auch stromabwärts von mindestens einer der
Wärmetauscheinrichtungen umfasst, wobei die
Steuerungseinrichtung konfiguriert ist, um auf der
Grundlage von Temperaturmesswerten, die min-
destens einen von den Sensoren ausgelesenen
Wert umfassen, zu bestimmen, zu welcher Wärme-
tauscheinrichtung das Wärmemedium geleitet wer-
den soll,
dadurch gekennzeichnet,
dass, wenn ein Wärmemedium nicht zu einer be-
stimmten Wärmetauscheinrichtung geleitet wird, die
Steuerungseinrichtung konfiguriert ist, um im Laufe
der Zeit wiederholt einen Temperaturmesswert
stromaufwärts und stromabwärts der bestimmten
Wärmetauscheinrichtung auszulesen und einen
Alarm auszulösen, falls eine Differenz zwischen den
ausgelesenen Temperaturen um mehr als einen vor-
bestimmten Wert zwischen einem Referenzmess-
wert, der vorher, aber nach der Unterbrechung der
Lieferung des Wärmemediums an den betreffenden
Wärmetauscher gemessen wurde, und einem spä-
teren Messwert, der nach dem Referenzmesswert
gemessen wurde, während der Wärmetauscher
noch immer kein Wärmemedium erhält, zunimmt.

2. Wärmepumpensystem (100) nach Anspruch 1, da-
durch gekennzeichnet,
dass der vorgegebene Wert mindestens 2°C be-
trägt.

3. Wärmepumpensystem (100) nach Anspruch 1 oder
2, dadurch gekennzeichnet,
dass die Steuerungseinrichtung (500) konfiguriert
ist, um die Temperaturwerte über einen längeren
Zeitraum hinweg zu messen, um statistische Daten
darüber zu erhalten, wie die gemessene Tempera-
turdifferenz variiert, und
dass der Alarm ausgelöst wird, wenn die gemesse-
ne Temperaturdifferenz mehr als eine vorbestimmte
Anzahl von Standardabweichungen von Null ab-
weicht.

4. Wärmepumpensystem (100) nach einem der vorste-
henden Ansprüche, dadurch gekennzeichnet,
dass das Wärmepumpensystem ferner einen Kom-
pressor (211), ein Expansionsventil (232, 242), min-
destens zwei primäre Wärmetauscheinrichtung
(422, 433, 452), die konfiguriert sind, um Wärmee-
nergie zwischen einem primärseitigen Wärmemedi-
um und mindestens einer von zwei verschiedenen
primären Wärmequellen oder -senken, die ausge-
wählt sind aus der Außenluft, einem Wasservolumen
oder dem Boden, zu übertragen, mindestens eine
sekundäre Wärmetauscheinrichtung (314, 315,
316), die konfiguriert ist, um Wärmeenergie zwi-
schen einem sekundärseitigen Wärmemedium und
mindestens einer von zwei verschiedenen sekundä-
ren Wärmequellen oder-senken, die aus der Innen-

luft, einem Poolwasser und einem Leitungswasser
ausgewählt sind, zu übertragen, einen jeweiligen
Temperatursensor (423, 432, 454), der konfiguriert
ist, um die Temperatur jeder der primären Wärme-
quellen oder -senken zu messen, und eine Ventil-
einrichtung (421, 431, 451), die konfiguriert ist, um
das primärseitige Wärmemedium selektiv zu min-
destens einer der primären Wärmetauscheinrichtun-
gen zu leiten, umfasst, und
dass die Steuerungseinrichtung konfiguriert ist, um
in einer sekundärseitigen Heizbetriebsart, die Tem-
peratur der genannten primären Wärmequellen oder
-senken zu messen und die Ventileinrichtung zu
steuern, das primärseitige Wärmemedium selektiv
nur zu der primären Wärmetauscheinrichtung zu lei-
ten, die mit der Wärmequelle oder -senke mit der
höchsten Temperatur verbunden ist, oder zu meh-
reren der genannten primären Wärmetauscheinrich-
tungen, die mit den jeweiligen Wärmequellen oder
-senken mit den höchsten Temperaturen verbunden
sind.

5. Wärmepumpensystem (100) nach einem der vorste-
henden Ansprüche, dadurch gekennzeichnet,
dass das Wärmepumpensystem ferner einen Kom-
pressor (211), ein Expansionsventil (232, 242), min-
destens eine primäre Wärmetauscheinrichtung
(422, 433, 452), die zur Übertragung von Wärmee-
nergie zwischen einem primärseitigen Wärmemedi-
um und einer primären Wärmequelle oder -senke,
die aus der Außenluft, einem Wasservolumen oder
dem Boden ausgewählt ist, vorgesehen ist, und min-
destens eine sekundäre Wärmetauscheinrichtung
(314, 315, 316), die zur Übertragung von Wärmee-
nergie zwischen einem sekundärseitigen Wärme-
medium und einer sekundären Wärmequelle oder
-senke, die aus der Innenluft, einem Poolwasser und
einem Leitungswasser ausgewählt ist, vorgesehen
ist, und
dass die Geschwindigkeit des Kompressors gesteu-
ert werden kann,
dass eine Öffnung des Expansionsventils einstell-
bar ist,
dass die Steuerungseinrichtung konfiguriert ist, um
die Leistung des Wärmepumpensystems durch
Steuerung der Geschwindigkeit des Kompressors
zu steuern, und
dass die Steuerungseinrichtung konfiguriert ist, um
bei der gesteuerten Geschwindigkeit des Kompres-
sors eine Ausgangstemperatur des aus dem Expan-
sionsventil ausströmenden Wärmemediums durch
Steuerung der Öffnung des Expansionsventils zu
steuern.

6. Verfahren zum Überwachen von Ventilleckagen in
einem Wärmepumpensystem mit einem Wärmeme-
dium-Kreislauf (210, 220, 230, 240, 250, 310, 320,
410, 420, 430, 440, 450, 460), der wiederum Fol-
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gendes umfasst
mindestens drei Wärmetauscheinrichtungen (314,
315, 316, 422, 433, 452), die konfiguriert sind, um
Wärmeenergie zwischen dem Wärmemedium und
einer entsprechenden Wärmequelle oder -senke,
die aus der Außenluft, einem Wasservolumen, dem
Boden, der Innenluft, dem Poolwasser, dem Lei-
tungswasser oder einer obersten Bodenschicht aus-
gewählt ist, zu übertragen,
eine Ventileinrichtung (311, 312, 313, 421, 431,
451), die konfiguriert ist, um das Wärmemedium se-
lektiv zu mindestens zwei der Wärmetauscheinrich-
tungen zu leiten, und eine Steuerungseinrichtung
(500), die zur Steuerung der genannten Ventilein-
richtung konfiguriert ist, umfasst
wobei das Wärmepumpensystem jeweilige Tempe-
ratursensoren (314a, 314b; 315a, 315b; 316a, 316b;
423, 424, 425; 432, 434, 435) sowohl stromaufwärts
als auch stromabwärts von mindestens einem der
Wärmetauscheinrichtungen umfasst, wobei das
Verfahren einen Schritt umfasst, bei dem die Steu-
erungseinrichtung Temperaturmesswerte ausliest,
die mindestens einen von den Sensoren ausgelese-
nen Wert umfassen, und auf der Grundlage dieser
Werte bestimmt, zu welchem Wärmetauscheinrich-
tung das Wärmemedium geleitet werden soll, da-
durch gekennzeichnet,
dass das Verfahren ferner einen Schritt umfasst, bei
dem, wenn das Wärmemedium nicht zu einem be-
stimmten Wärmetauscheinrichtung geleitet wird, die
Steuerungseinrichtung im Laufe der Zeit wiederholt
einen Temperaturmesswert vor und nach dem be-
treffenden Wärmetauscher ausliest, und eine Alarm
auslöst, wenn eine Differenz zwischen den ausge-
lesenen Temperaturen um mehr als einen vorbe-
stimmten Wert zwischen einem Referenzwert, der
zuvor, aber nach dem Abschalten der Zufuhr des
Wärmemediums zu dem betreffenden Wärmetau-
scher gemessen wurde, und einem späteren Mess-
wert, der nach dem Referenzwert gemessen wurde,
während der Wärmetauscher noch immer kein Wär-
memedium erhält, ansteigt.

7. Verfahren nach Anspruch 6, dadurch gekenn-
zeichnet,
dass der vorgegebene Wert mindestens 2°C be-
trägt.

8. Verfahren nach Anspruch 6 oder 7, dadurch ge-
kennzeichnet,
dass die Steuerungseinrichtung (500) die genann-
ten Temperaturwerte über einen längeren Zeitraum
hinweg misst, um statistische Daten darüber zu er-
halten, wie die gemessene Temperaturdifferenz va-
riiert, und
dass der Alarm ausgelöst wird, wenn die gemesse-
ne Temperaturdifferenz um mehr als eine vorbe-
stimmte Anzahl von Standardabweichungen von

Null abweicht.

9. Verfahren nach einem der Ansprüche 6 bis 8, da-
durch gekennzeichnet,
dass die genannten Temperaturen erst eine be-
stimmte Zeitspanne, nachdem die Steuerungsein-
richtung festgestellt hat, dass kein Wärmemedium
zu dem jeweiligen Wärmetauscher (314, 315, 315,
422, 433, 452) geleitet werden soll, gemessen und
von der Steuerungseinrichtung (500) berücksichtigt
werden.

10. Verfahren nach einem der Ansprüche 6 bis 9, da-
durch gekennzeichnet, dass das Wärmepumpen-
system ferner veranlasst wird, einen Kompressor
(211), ein Expansionsventil (232, 242), mindestens
zwei primäre Wärmetauscheinrichtungen (422, 433,
452) zur Übertragung von Wärmeenergie zwischen
einem primärseitigen Wärmemedium und mindes-
tens einer von zwei verschiedenen primären Wär-
mequellen oder -senken, die aus der Außenluft, ei-
nem Wasservolumen oder den Boden ausgewählt
ist, mindestens eine sekundäre Wärmetauschein-
richtung (314, 315, 316) zur Übertragung von Wär-
meenergie zwischen einem sekundärseitigen Wär-
memedium und mindestens einer von zwei verschie-
denen sekundären Wärmequellen oder -senken, die
aus der Raumluft, dem Poolwasser und dem Lei-
tungswasser ausgewählt sind,
einen jeweiligen Temperatursensor (412, 432) zum
Messen der Temperatur jeder der primären Wärme-
quellen oder -senken, und
eine Ventileinrichtung (444, 413) zum selektiven Lei-
ten des primärseitigen Wärmemediums zu mindes-
tens einem der primären Wärmetauscheinrichtun-
gen, zu umfassen, und
dass das Verfahren einen Schritt umfasst, bei dem
die Steuerungseinrichtung die Temperatur der se-
kundären Wärmequellen oder -senken misst, und
dass das Verfahren ferner einen Schritt in einem se-
kundärseitigen Heizbetriebsmodus umfasst, in dem
die Steuerungseinrichtung die Ventileinrichtung
steuert, um das primärseitige Wärmemedium selek-
tiv nur zu der primären Wärmetauscheinrichtung mit
der höchsten Temperatur oder zu mehreren der pri-
mären Wärmetauscheinrichtungen mit den höchs-
ten Temperaturen zu leiten.

11. Verfahren nach einem der Ansprüche 6 bis 10, da-
durch gekennzeichnet,
dass das Wärmepumpensystem ferner veranlasst
wird, einen Kompressor (211), ein Expansionsventil
(232, 242), mindestens eine primäre Wärmetausch-
einrichtung (411, 433) zum Übertragen von Wärme-
energie zwischen einem primärseitigen Wärmeme-
dium und einer primären Wärmequelle oder -senke,
die aus der Außenluft, einem Wasservolumen oder
dem Boden ausgewählt ist, und mindestens eine se-
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kundäre Wärmetauscheinrichtung (314, 315, 316)
zum Übertragen von Wärmeenergie zwischen ei-
nem sekundärseitigen Wärmemedium und einer se-
kundären Wärmequelle oder-senke, die aus der In-
nenluft, dem Poolwasser und dem Leitungswasser
ausgewählt ist, zu umfassen, und
dass das Verfahren einen Schritt umfasst, bei dem
die Geschwindigkeit des Kompressors durch die
Steuerungseinrichtung gesteuert wird, um eine be-
stimmte Leistung des Wärmepumpensystems zu er-
reichen, und
dass das Verfahren ferner einen Schritt umfasst, bei
dem eine Öffnung des Expansionsventils durch die
Steuerungseinrichtung eingestellt wird, um bei der
gesteuerten Geschwindigkeit des Kompressors eine
bestimmte Ausgangstemperatur des aus dem Ex-
pansionsventil ausströmenden Wärmemediums zu
erreichen.

Revendications

1. Système de pompe à chaleur (100) comprenant un
circuit de milieu caloporteur (210, 220, 230, 240, 250,
310, 320, 410, 420, 430, 440, 450, 460) comprenant
à son tour
au moins trois moyens d’échange de chaleur (314,
315, 316, 422, 433, 452) agencés pour transférer
une énergie thermique entre le milieu caloporteur et
une source de chaleur respective ou un puits de cha-
leur respectif, choisi(e) parmi l’air extérieur, un plan
d’eau, le sol, l’air intérieur, une eau de piscine, l’eau
du robinet ou une couche supérieure du sol,
un moyen de vanne (311, 312, 313, 421, 431, 451)
agencé pour diriger sélectivement le milieu calopor-
teur vers au moins deux desdits moyens d’échange
de chaleur, et
un moyen de commande (500) agencé pour com-
mander ledit moyen de vanne,
dans lequel le système de pompe à chaleur com-
prend des capteurs de température respectifs (314a,
314b ; 315a, 315b ; 316a, 316b ; 423, 424, 425 ; 432,
434, 435) à la fois en amont et en aval d’au moins l’
un desdits moyens d’échange de chaleur, dans le-
quel le moyen de commande est agencé, en se ba-
sant sur des valeurs de mesure de température com-
prenant au moins une valeur lue à partir desdits cap-
teurs, pour déterminer vers quel moyen d’échange
de chaleur il faut diriger le milieu caloporteur,
caractérisé en ce que, lorsque le milieu caloporteur
n’est pas dirigé vers un certain moyen d’échange de
chaleur, le moyen de commande est agencé pour
lire, de manière répétée dans le temps, une valeur
de température mesurée en amont et en aval dudit
certain moyen d’échange de chaleur, et pour déclen-
cher une alerte dans le cas où une différence entre
les températures lues augmente au-delà d’une va-
leur prédéterminée entre une lecture de référence

mesurée précédemment mais après l’interruption de
la distribution du milieu caloporteur vers le moyen d’
échange de chaleur en question, et une lecture ul-
térieure, mesurée après la lecture de référence alors
que l’échangeur de chaleur ne reçoit toujours pas
de milieu caloporteur.

2. Système de pompe à chaleur (100) selon la reven-
dication 1, caractérisé en ce que la valeur prédé-
terminée est d’au moins 2°C.

3. Système de pompe à chaleur (100) selon la reven-
dication 1 ou 2, caractérisé en ce que le moyen de
commande (500) est agencé pour mesurer lesdites
valeurs de température sur une période de temps
prolongée, de sorte à obtenir des données statisti-
ques sur la manière dont varie la différence de tem-
pérature mesurée, et en ce que l’alarme est déclen-
chée dans le cas où la différence de température
mesurée s’écarte de plus d’un nombre prédéterminé
d’écarts-types de zéro.

4. Système de pompe à chaleur (100) selon l’une quel-
conque des revendications précédentes, caractéri-
sé en ce que le système de pompe à chaleur com-
prend en outre un compresseur (211), un détendeur
(232, 242), au moins deux moyens d’échange de
chaleur primaires (422, 433, 452) agencés pour
transférer une énergie thermique entre un milieu ca-
loporteur du côté primaire et au moins l’une de deux
sources de chaleur primaires différentes ou au moins
l’un de deux puits de chaleur primaires différents
choisi(e)s parmi l’air extérieur, un plan d’eau ou le
sol, au moins un moyen d’échange de chaleur se-
condaire (314, 315, 316), agencé pour transférer une
énergie thermique entre un milieu caloporteur du cô-
té secondaire et au moins l’une de deux sources de
chaleur secondaires différentes ou au moins l’un de
deux puits de chaleur secondaires différents choi-
si(e)s parmi l’air intérieur, une eau de piscine et l’
eau du robinet, un capteur de température respectif
(423, 432, 454) agencé pour mesurer la température
de chacun(e) desdites sources de chaleur primaires
ou desdits puits de chaleur primaires, et un moyen
de vanne (421, 431, 451) agencé pour diriger sélec-
tivement le milieu caloporteur du côté primaire vers
au moins l’un desdits moyens d’échange de chaleur
primaires, et en ce que le moyen de commande est
agencé, dans un mode de fonctionnement de chauf-
fage secondaire, pour mesurer la température des-
dites sources de chaleur primaires ou desdits puits
de chaleur primaires, et pour commander le moyen
de vanne pour diriger sélectivement le milieu calo-
porteur du côté primaire uniquement vers le moyen
d’échange de chaleur primaire associé à la source
de chaleur ou au puits de chaleur avec la tempéra-
ture la plus élevée, ou vers plusieurs desdits moyens
d’échange de chaleur primaires associés aux sour-
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ces de chaleur respectives ou puits de chaleur res-
pectifs avec les températures les plus élevées.

5. Système de pompe à chaleur (100) selon l’une quel-
conque des revendications précédentes, caractéri-
sé en ce que le système de pompe à chaleur com-
prend en outre un compresseur (211), un détendeur
(232, 242), au moins un moyen d’échange de cha-
leur primaire (422, 433, 452) agencé pour transférer
une énergie thermique entre un milieu caloporteur
du côté primaire et une source de chaleur primaire
ou un puits de chaleur primaire choisi(e) parmi l’air
extérieur, un plan d’eau ou le sol, au moins un moyen
d’échange de chaleur secondaire (314, 315, 316),
agencé pour transférer une énergie thermique entre
un milieu caloporteur du côté secondaire et une sour-
ce de chaleur secondaire ou un puits de chaleur se-
condaire choisi(e) parmi l’air intérieur, une eau de
piscine et l’eau du robinet, et en ce que la vitesse
du compresseur peut être commandée, en ce qu’
une ouverture du détendeur est réglable, en ce que
le moyen de commande est agencé pour comman-
der la puissance du système de pompe à chaleur en
commandant la vitesse du compresseur, et en ce
que le moyen de commande est agencé pour com-
mander une température de sortie du milieu calo-
porteur s’écoulant hors du détendeur en comman-
dant l’ouverture du détendeur compte tenu de la vi-
tesse commandée du compresseur.

6. Procédé de surveillance des fuites de vannes dans
un système de pompe à chaleur comprenant un cir-
cuit de milieu caloporteur (210, 220, 230, 240, 250,
310, 320, 410, 420, 430, 440, 450, 460) comprenant
à son tour
au moins trois moyens d’échange de chaleur (314,
315, 316, 422, 433, 452) agencés pour transférer
une énergie thermique entre le milieu caloporteur et
une source de chaleur respective ou un puits de cha-
leur respectif, choisi(e) parmi l’air extérieur, un plan
d’eau, le sol, l’air intérieur, une eau de piscine, l’eau
du robinet ou une couche supérieure du sol,
un moyen de vanne (311, 312, 313, 421, 431, 451)
agencé pour diriger sélectivement le milieu calopor-
teur vers au moins deux desdits moyens d’échange
de chaleur, et
un moyen de commande (500) agencé pour com-
mander ledit moyen de vanne,
dans lequel le système de pompe à chaleur com-
prend des capteurs de température respectifs (314a,
314b ; 315a, 315b ; 316a, 316b ; 423, 424, 425 ; 432,
434, 435) à la fois en amont et en aval d’au moins l’
un desdits moyens d’échange de chaleur, dans le-
quel le procédé comprend une étape au cours de
laquelle le moyen de commande lit des valeurs de
mesure de température comprenant au moins une
valeur lue à partir desdits capteurs et, en se basant
sur ces valeurs, détermine vers quel moyen d’échan-

ge de chaleur il faut diriger le milieu caloporteur, ca-
ractérisé en ce que le procédé comprend en outre
une étape au cours de laquelle, lorsque le milieu
caloporteur n’est pas dirigé vers un certain moyen
d’échange de chaleur, le moyen de commande lit,
de manière répétée dans le temps, une valeur de
température mesurée en amont et en aval dudit cer-
tain moyen d’échange de chaleur, et déclenche une
alerte dans le cas où une différence entre les tem-
pératures lues augmente au-delà d’une valeur pré-
déterminée entre une lecture de référence mesurée
précédemment mais après l’interruption de la distri-
bution du milieu caloporteur vers le moyen d’échan-
ge de chaleur en question, et une lecture ultérieure,
mesurée après la lecture de référence alors que l’
échangeur de chaleur ne reçoit toujours pas de mi-
lieu caloporteur.

7. Procédé selon la revendication 6, caractérisé en ce
que la valeur prédéterminée est d’au moins 2°C.

8. Procédé selon la revendication 6 ou 7, caractérisé
en ce que le moyen de commande (500) mesure
lesdites valeurs de température sur une période de
temps prolongée, de sorte à obtenir des données
statistiques sur la manière dont varie la différence
de température mesurée, et en ce que l’alarme est
déclenchée dans le cas où la différence de tempé-
rature mesurée s’écarte de plus d’un nombre prédé-
terminé d’écarts-types de zéro.

9. Procédé selon l’une quelconque des revendications
6 à 8, caractérisé en ce que lesdites températures
sont mesurées et examinées par le moyen de com-
mande (500) uniquement pendant une certaine pé-
riode de temps, après que le moyen de commande
a déterminé qu’aucun milieu caloporteur ne doit être
dirigé vers l’échangeur de chaleur respectif (314,
315, 315, 422, 433, 452).

10. Procédé selon l’une quelconque des revendications
6 à 9, caractérisé en ce que le système de pompe
à chaleur est en outre amené à comprendre un com-
presseur (211), un détendeur (232, 242), au moins
deux moyens d’échange de chaleur primaires (422,
433, 452) pour transférer une énergie thermique en-
tre un milieu caloporteur du côté primaire et au moins
l’une de deux sources de chaleur primaires différen-
tes ou au moins l’un de deux puits de chaleur pri-
maires différents choisi(e)s parmi l’air extérieur, un
plan d’eau ou le sol, au moins un moyen d’échange
de chaleur secondaire (314, 315, 316), pour trans-
férer une énergie thermique entre un milieu calopor-
teur du côté secondaire et au moins l’une de deux
sources de chaleur secondaires différentes ou au
moins l’un de deux puits de chaleur secondaires dif-
férents choisi(e)s parmi l’air intérieur, une eau de
piscine et l’eau du robinet, un capteur de tempéra-
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ture respectif (412, 432) pour mesurer la tempéra-
ture de chacun(e) desdites sources de chaleur pri-
maires ou desdits puits de chaleur primaires, et un
moyen de vanne (444, 413) pour diriger sélective-
ment le milieu caloporteur du côté primaire vers au
moins l’un desdits moyens d’échange de chaleur pri-
maires, et en ce que le procédé comprend une étape
au cours de laquelle le moyen de commande mesure
la température desdites sources de chaleur secon-
daires ou desdits puits de chaleur secondaires, et
en ce que le procédé comprend en outre une étape,
dans un mode de fonctionnement de chauffage se-
condaire, au cours de laquelle le moyen de comman-
de commande le moyen de vanne pour diriger sé-
lectivement le milieu caloporteur du côté primaire
uniquement vers le moyen d’échange de chaleur pri-
maire avec la température la plus élevée, ou vers
plusieurs desdits moyens d’échange de chaleur pri-
maires avec les températures les plus élevées.

11. Procédé selon l’une quelconque des revendications
6 à 10, caractérisé en ce que le système de pompe
à chaleur est en outre amené à comprendre un com-
presseur (211), un détendeur (232, 242), au moins
un moyen d’échange de chaleur primaire (411, 433)
pour transférer une énergie thermique entre un mi-
lieu caloporteur du côté primaire et une source de
chaleur primaire ou un puits de chaleur primaire choi-
si(e) parmi l’air extérieur, un plan d’eau ou le sol, au
moins un moyen d’échange de chaleur secondaire
(314, 315, 316), pour transférer une énergie thermi-
que entre un milieu caloporteur du côté secondaire
et une source de chaleur secondaire ou un puits de
chaleur secondaire choisi(e) parmi l’air intérieur, une
eau de piscine et l’eau du robinet, et en ce que le
procédé comprend une étape au cours de laquelle
la vitesse du compresseur est commandée par le
moyen de commande, de sorte à atteindre une cer-
taine puissance du système de pompe à chaleur, et
en ce que le procédé comprend en outre une étape
au cours de laquelle une ouverture du détendeur est
réglée par le moyen de commande de sorte à attein-
dre une certaine température de sortie du milieu ca-
loporteur s’écoulant hors du détendeur compte tenu
de la vitesse commandée du compresseur.
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