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control device for controlling the collective heat pump.
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flow rate over a bypass on the closed circuit in function
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Description

Technical field

[0001] The present invention relates to a control device
for a heating and/or cooling system for collective resi-
dential housing units. The present invention also relates
to a heating and/or cooling system for collective residen-
tial housing units comprising such a control device. The
present invention also relates to a method for controlling
a heating and/or cooling system for collective residential
housing units.

State of the art

[0002] Heating and/or cooling systems for collective
residential housing units are known. Classic examples
are a central heating in an apartment building, a heating
network (or cooling network) in a residential neighbour-
hood. In general, these systems comprise one or more
sources of thermal energy that is distributed by means
of a medium (e.g. steam, hot liquid or cold liquid) from a
central location to multiple locations for heating and/or
cooling of spaces and /or processes. There are many
known sources of thermal energy, such as the combus-
tion of fossil fuels (e.g. a central heating boiler), the use
of electricity to generate heat (e.g. an electric heater), or
by means of a heat pump (e.g. a air-water heat pump).
A heat pump is also often used in combination or as part
of a BEO (Borehole Energy Storage) field or a KWO (Cold
Heat Storage) field.
[0003] The present invention specifically relates to sys-
tems that use a collective heat pump to provide thermal
energy to a collection of residential housing units. This
collection may consist of several apartments in one or
more apartment buildings and/or several separate resi-
dential buildings. Each of the residential housing units
has its own separate heating and/or cooling system.
Many such systems are known, such as classic radiators,
underfloor heating, underfloor cooling, convectors, etc.
Which system is used locally is of secondary importance
in the context of the present invention.
[0004] In a classic setup, typically, two separate loops
between the collective heat pump and the residential
housing units, are used, namely a first loop for the circu-
lation of a warm medium and a second loop for the cir-
culation of a cold medium. The medium is typically a liq-
uid, such as water, but other media are possible. Each
housing unit is connected to both loops and can draw
both heat and cold depending on the needs. The use of
two loops allows to meet the possibly different needs of
the individual housing units. In particular, there are often
situations wherein a number of housing units require
heating, while another group of housing units does not
require heating or even cooling. Examples are: a sunny
spring day wherein south-facing housing units heat up
sufficiently, due to the incident sunlight, but north-facing
housing units do not; or the circumstance that certain

housing units are not occupied during the day (e.g. the
residents are at work) and therefore require less or no
thermal energy, while this is not the case for other hous-
ing units; etc. Examples of such two-loop systems are
described in EP 3 165 831, EP 3 184 914 and EP 3 372
903.
[0005] The main disadvantage of such systems is the
need to install two completely separate loops. First of all,
this requires a lot of raw materials (both in conduit ma-
terial and in insulation), as well as more time for the in-
stallation thereof. In addition, due to the doubling, there
is approximately twice as much chance that a leak or
other defect will occur somewhere. Many more cou-
plings, taps, sensors, etc. are also required.
[0006] There are also known systems that work on a
single loop basis, for example as disclosed in US
10,641,510. There, a system for controlling a collective
heating of a district has been disclosed. The system ob-
tains information from the various actors involved (i.e.
energy sources and energy sinks). The purpose of the
disclosure in US 10,641,510 is to determine whether it
is more advantageous, depending on the energy needs,
to use either a ground heat exchanger or a ground source
heat pump.
[0007] If the system is set up only for heating or only
for cooling, there is typically only one loop present in
which respectively a hot or cold medium circulates. A
known problem when circulating a medium, in particular
a liquid, in a loop is related to pressure differences. On
the one hand, pressure differences arise as a result of
pressure loss as a result of the transport over the loop.
On the other hand (and/or incidentally), height differenc-
es over the loop can also play a role. In general: the
further a housing unit on the loop, the lower the incoming
pressure. These pressure differences in turn give rise to
differences in flow rate per residential housing unit, which
flow rate is directly related to the maximum energy trans-
fer to the housing unit. As an illustration, in an apartment
building with 10 different apartments, this can lead to
insufficient heating or cooling at the apartment furthest
away from the thermal energy source.
[0008] In practice, such problems are solved by man-
ually adjusting the maximum flow rate available for each
housing unit. In concrete terms, a flow rate limiter is pro-
vided on each supply branch from the loop to a housing
unit. A technician controls each of these limiters in such
a way that each housing unit can receive the same (or
the necessary) flow rate to meet the theoretical maximum
energy requirements.
[0009] A disadvantage to this solution is the time re-
quired to have a technician carry out this adjustment. In
addition, this is also a static solution that cannot take into
account any changes later. Examples of such changes
are: a change in local heating or cooling in a housing unit
that requires more or less flow rate or a defect in the
thermal energy source resulting in an insufficient flow
rate. In addition, in a combined heating and cooling sys-
tem, control of the limiters is also required on the branch
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with both loops, which further increases the workload for
the technician.
[0010] Furthermore, in the context of a collective heat
pump, in particular an air-to-water heat pump, there are
also operational requirements. In particular, conditions
on the flow rate through the heat pump and specifically
the requirement that a predetermined minimum flow rate
is necessary for operation must be taken into account.
However, in certain situations, for example if a significant
number of housing units shuts off (or drastically limits)
their supply, there is a risk that the flow rate through the
heat pump is too low and in particular lower than the
predetermined minimum flow rate. In such a case, the
heat pump stops automatically and there is no longer any
option for heating and/or cooling.
[0011] A known solution is to provide a bypass in the
loop that bypasses the housing units with a lockable valve
on top. Opening this valve increases the flow rate in the
loop such that it remains higher than the predetermined
minimum flow rate. However, the inventors have deter-
mined that this solution can be disadvantageous. For ex-
ample, it is possible that due to the flow rate over the
bypass, there is insufficient flow available for the neces-
sary energy transfer to the housing units.

Description of the invention

[0012] The aim of the present invention is to reduce
and/or remedy one or more of the disadvantages de-
scribed above. This aim is achieved according to the in-
vention as set out in the claims.
[0013] In a first aspect, the present disclosure con-
cerns a control device for controlling a collective heat
pump in a heating and cooling system for collective res-
idential housing units, which heating and cooling system
is provided with: the collective heat pump, a plurality of
residential housing units, and one closed circuit for cir-
culating a liquid between the collective heat pump and
the residential housing units, wherein the control device
is provided with: an interface configured to obtain actual
temperature data and desired temperature data from
each residential housing unit; a decision module config-
ured to determine, on the basis of the actual temperature
data and the desired temperature data, a desired tem-
perature of said liquid on an output side of the collective
heat pump; and a control module configured to generate,
based on said desired temperature control, signals for
controlling the collective heat pump.
[0014] In this aspect, the disclosure provides a control
device that allows to provide both heating and cooling by
using a collective heat pump and this with only one closed
circuit for circulating the liquid between the collective heat
pump and the residential housing units. By the interface
that obtains actual and desired temperature data, the
control device, in particular the decision module, is able
to determine the general need of the collective residential
housing units, i.e. is there a global need for heating or
cooling. The control device then determines the desired

temperature of said liquid on an output side of the col-
lective heat pump depending on the specific general
need, e.g. a relatively warm liquid (e.g. 35 °C or 45 °C)
for heating or a relatively cold liquid (e.g. 10 °C) for cool-
ing. Based on the desired temperature, the control device
then generates the necessary control signals. The same
closed circuit can therefore serve for both heating and
cooling for the residential housing units.
[0015] In a first embodiment of the disclosure, the con-
trol device is further provided with: a database configured
to store the actual temperature data and the desired tem-
perature data (preferably this is data which represents
the desired temperature during a future time interval),
which database further contains energy loss data (the
energy loss data is e.g. an indication of the temperature
evolution in a residential housing unit in time in the ab-
sence of energy inflow) of each residential housing unit;
and an analysis module configured to determine, based
on the actual temperature data, the desired temperature
data and the energy loss data, energy requirement data
for each residential housing unit, wherein the decision
module is configured to generate, based on the energy
requirement data, a temperature-time profile of the de-
sired temperature of said liquid on the output side of the
collective heat pump as a function of time during a future
time interval.
[0016] The use of energy loss data in combination with
the temperature data (both actual and desired) allows to
calculate an estimate of the energy that will be required
by each housing unit during a future time interval (e.g.
for the next hour or the next two or three hours). Such
an estimate may comprise, for example, that a first group
of housing units requires additional energy to heat the
housing unit for 1 hour and then requires energy to com-
pensate for their energy loss, while a second group of
housing units only requires energy to compensate for
their energy loss, and a third group of housing units just
wants to emit energy to cool the housing unit for two
hours. Based on this estimate, the decision module gen-
erates a temperature-time profile of the liquid on the out-
put side of the collective heat pump to meet the different
needs. This first embodiment of the disclosure therefore
provides control (or regulation) during a future time inter-
val.
[0017] It may also be advantageous to, during gener-
ating the temperature-time profile, also take into account
properties, such as the efficiency, of the different local
heating and cooling systems present in the different res-
idential housing units. Certain types of heating and cool-
ing systems require more/less energy to go from the ac-
tual temperature to the desired temperature.
[0018] In a preferred embodiment of the disclosure,
the control device is further provided with a communica-
tion module configured to send the calculated tempera-
ture-time profile to each residential housing unit. In this
way, each housing unit is aware of the temperature of
the liquid in the closed circuit during the future time in-
terval. The housing units (in particular the control device
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provided therein) can then control the local heating and
cooling system based on the temperature of the incoming
liquid. In the example described above this allows the
local control devices of the housing units of the first group
to take energy in the time period where relatively warm
liquid arrives, while the local control devices of the hous-
ing units of the third group to not take any energy, f.e. by
closing a supply tam, in this time period.
[0019] In a preferred embodiment of the disclosure,
the database further comprises historical data of each
residential housing unit, which historical data at least
comprises data about: the desired temperature, the ac-
tual temperature, and energy consumption data, which
historical data preferably comprises data about: the sea-
son, the weather conditions, and/or an occupancy in the
residential housing unit, whereby said energy loss data
has been obtained on the basis of the historical data
stored in the database. More preferably, the control de-
vice is further provided with a machine learning module,
trained on the historical data and configured to generate
said energy loss data. Firstly, it is possible to search the
historical data set to find an identical (or similar) set of
conditions and thus find accurate energy loss data for
the actual situation. However, because energy loss is the
result of a plurality of different factors, it is preferable to
use machine learning techniques (e.g. a neural network),
trained on the historical data, to predict the energy loss
data for the actual situation.
[0020] In a second embodiment of the disclosure, the
control device is further provided with an analysis module
configured to determine a temperature difference value
between the actual temperature data and the desired
temperature data, wherein the decision module is con-
figured to determine said desired temperature on the ba-
sis of the temperature difference value.
[0021] The main advantage of this second embodi-
ment of the disclosure is that there is no need to deter-
mine energy loss data for each residential housing unit.
The control is carried out on the basis of the actual and
desired temperature data, which allows, e.g. via the tem-
perature difference value, to determine a actual global
demand/need in the whole of the collective housing units.
The desired temperature is then determined based on
the global demand.
[0022] In a preferred embodiment of the disclosure,
the analysis module is further configured to determine
whether the collective heat pump, in a predetermined
elapsed time interval, has been changed between a heat-
ing mode and a cooling mode, and wherein the decision
module is configured, if the mode of the collective heat
pump has been changed in said predetermined elapsed
time interval, to determine said desired temperature such
that no mode change occurs. Changing the mode of the
collective heat pump costs a lot of energy, because the
temperature on the output side has to change drastically,
namely from heating (e.g. 35 °C) to cooling (e.g. 10 °C)
or vice versa. It is therefore not desirable to frequently
undergo such a mode change. A check to determine

whether or not a mode change has occurred in a prede-
termined time interval (e.g. the past two hours) prevents
too frequent changing.
[0023] In an embodiment of the disclosure, the control
device is further provided with a machine learning mod-
ule, trained on historical desired temperature data of a
residential housing unit and configured to generate said
desired temperature data. This avoids the need for a user
(e.g. a resident of the housing unit) to manually enter a
schedule or manually provide desired temperature data.
[0024] The advantages of the embodiments of the dis-
closure described above and/or the first aspect of the
disclosure are also achieved with a heating and cooling
system for collective residential housing units, which
heating and cooling system is provided with: a collective
heat pump, a plurality of residential housing units, each
provided with a heating and cooling system and a local
control device for controlling it, one closed circuit for cir-
culating a liquid between the collective heat pump and
the heating and cooling systems of the housing units, a
central control device, as described above, for controlling
the collective heat pump.
[0025] In an embodiment of the disclosure, the collec-
tive heat pump comprises a plurality of air-water (gener-
ally air-liquid) heat pumps and/or water-water (generally
liquid-liquid) heat pumps, in particular a monoblock heat
pump, which are preferably arranged in parallel. Air-wa-
ter heat pumps have many advantages, for example, they
can be placed and used anywhere without additional sys-
tems (such as a BEO field). The use of multiple air-water
heat pumps also provides the necessary redundancy,
e.g. if one heat pump is defective, this can be absorbed
by the remaining ones. Placing the heat pumps in parallel
is further advantageous because one or more of the heat
pumps can easily be switched on or off depending on the
actual needs. A defective heat pump can also easily be
accommodated by the remaining one and can be re-
paired or replaced without impact on the rest of the sys-
tem. Finally, the use of a monoblock heat pump increases
the safety and reduces the cost price. The refrigerant (or
heating agent) is only present in one component, which
is completely separated from the liquid in the closed loop,
in which for example water can circulate. The installation
of the system can therefore largely be done without the
intervention of a specialized technician.
[0026] The use of water-to-water heat pumps, on the
other hand, is advantageous in applications with geother-
mal energy, e.g. a BEO (Borehole Energy Storage) field
or a KWO (Cold Heat Storage) field. Such geothermal
applications require the use of a liquid-liquid heat pump.
A common installation includes a single water-to-water
heat pump between the BEO/KWO field and the residen-
tial housing units. The water-water heat pump has a high
power (e.g. more than 100 kW) and only has an ON mode
and an OFF mode. As a result, there is a need for a
system of redundancies (e.g. expansion tanks, pressure
vessels, spare vessels, etc.) to meet variable energy
needs. Furthermore, frequency-controlled water-to-wa-

5 6 



EP 4 350 234 A1

6

5

10

15

20

25

30

35

40

45

50

55

ter heat pumps are also known that allow to meet a var-
iable energy requirement via the variable frequency (i.e.
a heat pump with a constant flow but a variable frequency
to vary a difference in temperature between the incoming
and outgoing liquid). However, its cost is not economi-
cally viable for use in collective residential housing units
compared to the system of redundancies. In addition, this
often creates situations in which the heat pump does not
operate in optimal conditions.
[0027] The disclosure makes allows to replace one
high-power heat pump with several low-power heat
pumps (e.g. a power of about 5-20 kW, such as 10 kW).
Furthermore, the redundancies are unnecessary in the
context of the disclosure since the variable energy needs
can be met by temporarily switching on or off certain heat
pumps. In addition, multiple frequency-controlled water-
to-water heat pumps can also be used that in this way,
in addition to switching a heat pump on or off, respond
even better to the variable energy need.
[0028] The use of both air-water (general air-liquid) and
water-water (general liquid-liquid) heat pumps in the
same system allows to make optimal use of them in de-
pendence on weather conditions. To illustrate, the effi-
ciency of an air-to-water heat pump for heating decreas-
es with a decreasing outside temperature. A BEO/KWO
field each have a maximum total energy capacity that
must remain constant overall over one year. This is typ-
ically achieved by injecting the energy extracted in the
winter for heating back into the field by cooling in the
summer. For example, if the outside temperature is
above 10°C, an air-to-water heat pump is sufficiently ef-
ficient so that these heat pump(s) can provide the system
with the necessary energy and therefore no energy has
to be extracted from the BEO/KWO field. At a lower tem-
perature, it is then possible to switch to the water-to-water
heat pump(s) that are more efficient than the air-to-air
heat pumps at such temperatures. In the summer, if nec-
essary, the air-to-water heat pump can be used as an
additional source to inject energy into the BEO/KWO field
by means of the water-water heat pump(s). This addi-
tional injection of energy into the BEO/KWO field by
means of the air-to-water heat pumps in the summer can
be advantageous for various reasons, e.g. as compen-
sation for excess/exceptional use in the past winter or in
a relatively cool summer where there is only little cooling,
etc. and therefore generally serves to maintain the overall
energy balance of the BEO/KWO field over the period of
one year.
[0029] The advantages of the embodiments of the dis-
closure described above and/or the first aspect are also
achieved with a method for controlling a collective heat
pump in a heating and cooling system for collective res-
idential housing units (in particular the heating and cool-
ing system, as described above), which method compris-
es the following steps: obtaining actual temperature data
and desired temperature data from each residential
housing unit; determining a desired temperature of a liq-
uid on an output side of a collective heat pump based on

the data obtained; and generating control signals for con-
trolling the collective heat pump to achieve the desired
temperature.
[0030] In a first embodiment of the disclosure, deter-
mining the desired temperature comprises: obtaining en-
ergy loss data for each residential housing unit; and,
based on the energy loss data, generating a temperature-
time profile of the desired temperature of said liquid on
the output side of the collective heat pump as a function
of time during a future time interval. Preferably, obtaining
energy loss data comprises machine learning thereof by
means of training on historical data of each residential
housing unit, which historical data comprises at least data
regarding: the desired temperature, the actual tempera-
ture, and energy consumption data, which historical data
preferably comprises data about: the season, the weath-
er conditions, and/or an occupancy in the residential
housing unit. In this embodiment of the disclosure the
method preferably further comprises sending the calcu-
lated temperature-time profile to each residential housing
unit. The advantages of using energy loss data in deter-
mining a temperature-time profile have already been de-
scribed above.
[0031] In a second embodiment of the disclosure, de-
termining the desired temperature comprises: determin-
ing a temperature difference value between the actual
temperature data and the desired temperature data; and
determining whether the collective heat pump was
changed between a heating mode and a cooling mode
in a predetermined elapsed time interval. The advantag-
es of using the temperature difference value have already
been described above.
[0032] In a second aspect, the present disclosure con-
cerns a control device for controlling a heating and/or
cooling system for collective residential housing units,
which heating and cooling system is provided with: a col-
lective heat pump, a plurality of residential housing units,
one closed circuit for circulating a liquid between the col-
lective heat pump and the residential housing units, and
for each residential housing unit, a supply branch from
the closed circuit to the residential housing unit, each
supply branch being provided with an adjustable valve
for regulating a flow rate at the supply branch, wherein
the control device is provided with: an interface config-
ured to obtain a actual flow rate in the closed circuit and
maximum flow rate data of each supply branch, which
maximum flow rate data are based on an energy require-
ment of the corresponding housing unit; a decision mod-
ule configured to determine, based on the data obtained,
a maximum flow rate for each residential housing unit;
and a communications module configured to send max-
imum flow rate rat data to a respective residential housing
unit.
[0033] In this aspect, the disclosure provides a control
device that allows automatic flow rate control. More spe-
cifically, by knowing the data regarding the maximum re-
quired flow rat and the actual flow rate in the closed circuit
(e.g. on the output side of the collective heat pump), the
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control device can accurately distribute the actual flow
rate to each of the housing units without the need for a
technician who will come to arrange everything manually.
In addition, the control device can also adjust the permit-
ted flow rate per housing unit depending on the available
flow rate in the closed circuit, which is advantageous,
especially in situations wherein the collective heat pump
is not able to deliver a sufficiently high flow rate (e.g. in
extreme weather conditions or a defect). In this way, a
situation is avoided wherein one or more housing units
connected at the end of the closed circuit (or more gen-
erally connected at an area in the closed circuit with low
pressure) have too little flow rate.
[0034] In an embodiment of the disclosure, the deci-
sion module is configured to: determine the total maxi-
mum flow rate by taking the sum of all maximum flow
rate data; if the total maximum flow rate is smaller than
the actual flow rate, to determine the maximum flow rate
of each residential housing unit as its maximum flow rate
data; and if the total maximum flow rate is greater than
the actual flow rate, to determine the maximum flow rate
of each residential housing unit as a fraction of its max-
imum flow rate data, wherein the fraction corresponds to
a ratio between the actual flow rate and the total maxi-
mum flow rate. The decision module therefore checks
whether the actual flow rate in the closed circuit is greater
or smaller than the sum of the theoretical maximum flow
rate that may be required by each housing unit. If this is
the case, then each housing unit can consume its max-
imum flow rate. However, if this is not the case, then the
maximum flow rate is fractionally limited everywhere
such that each housing unit receives at least part of the
flow rate.
[0035] In an embodiment of the disclosure, the com-
munications module is further configured to receive data
from the residential housing units, and wherein, upon re-
ceipt of an activation signal from one of the residential
housing units, which activation signal comprises a re-
quest for a greater flow rate than the maximum flow rate
data of said one of the residential housing units, the de-
cision module is configured to: determine the total max-
imum flow rate by taking the sum of all maximum flow
rate data for all residential housing units except said one
of the residential housing units with the aforementioned
larger flow rate; if the total maximum flow rate is less than
the actual flow rate, to determine the maximum flow rate
of each residential housing unit as its maximum flow rate
data for all residential housing units except said one of
the residential housing units; and to determine the max-
imum flow rate of said one of the residential housing units
as said larger flow rate; and if the total maximum flow
rate is greater than the actual flow rate, to determine the
maximum flow rate of each residential housing unit as a
fraction of its maximum flow rate data, wherein the frac-
tion corresponds to a ratio between the actual flow rate
and the total maximum flow rate. In the event that one
housing unit requires a greater flow than its theoretical
upper limit (e.g. after prolonged nonoccupation), this em-

bodiment of the disclosure allows to check whether there
is a flow rate surplus on the closed circuit. If there is such
a surplus, the maximum flow rate of the one residential
housing unit will be further increased.
[0036] In an embodiment of the disclosure, the control
device is configured to control a heating and cooling sys-
tem for collective residential housing units. As already
described, one joint system has advantages over two
separate systems, namely one for heating and one for
cooling.
[0037] In a preferred embodiment of the disclosure,
the interface is further configured to obtain actual tem-
perature data and desired temperature data from each
residential housing unit and temperature data from the
liquid on an output side of the collective heat pump,
wherein the control device is further provided with an
analysis module configured to: based on the actual tem-
perature data and the desired temperature data, to de-
termine a status of each housing unit, wherein the status
is one of the following: heating and cooling, and to de-
termine a status of collective heat pump, based on the
temperature data of the liquid on the output side of the
collective heat pump, wherein the status is one of the
following: heating and cooling, wherein the decision mod-
ule is configured to exclude, based on the status data,
any residential housing unit that has a different status
than the collective heat pump from determining the max-
imum flow rate. Preferably, the decision module is con-
figured to: determine the total maximum flow rate by tak-
ing the sum of all maximum flow rate data for the non-
excluded residential housing units; if the total maximum
flow rate is less than the actual flow rate, to determine
the maximum flow rate of each non-excluded residential
housing unit as its maximum flow rate data; and if the
total maximum flow rate is greater than the actual flow
rate, to determine the maximum flow rate of each non-
excluded residential housing unit as a fraction of its max-
imum flow rate data, wherein the fraction corresponds to
a ratio between the actual flow rate and the total maxi-
mum flow rate. Since the energy requirements (and
therefore the maximum flow rates) of a housing unit are
typically different for heating and cooling, it is advanta-
geous, before calculating the maximum flow rates, to first
check which housing units have the same status as the
collective heat pump. Housing units with a different status
typically draw no or very little flow rate from the closed
circuit, as there is no need for hot water from the closed
circuit if the housing unit is in cooling status. It is therefore
better not to take housing units with a different status
than the collective heat pump into account when deter-
mining the maximum flow rates.
[0038] The flow rate from the closed circuit to a housing
unit is a reflection of the amount of water (generally work-
ing fluid) that flows to the housing unit in a certain time
interval (f.e. 1 hour). This water has a certain temperature
as determined by the collective heat pump. This water is
a source of energy that is available for the local heating
and cooling system of the housing unit for heating or cool-
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ing. In other words, if the actual or maximal energy re-
quirement of the housing unit is known, this can be con-
verted into a specific amount of water needed in a specific
time frame, i.e. an actual or a maximal flow rate.
[0039] In an embodiment of the disclosure, if the total
maximum flow rate is greater than the actual flow rate,
the decision module is configured to increase the flow
rate in the closed loop. This is an alternative solution for
providing a sufficient flow in each housing unit, which
avoids the need to fractionally limit the maximum flow
rate. However, this solution is not always applicable as
not every collective heat pump can deliver a variable flow
rate.
[0040] In an embodiment of the disclosure, the control
device is provided with a control module configured to
generate control signals for controlling the collective heat
pump and for controlling each adjustable valve.
[0041] The advantages of the embodiments of the dis-
closure described above and/or the second aspect are
also achieved with a heating and cooling system for col-
lective residential housing units, which heating and cool-
ing system is provided with: a collective heat pump, a
plurality of residential housing units, each of which is pro-
vided with a heating and cooling system and a local con-
trol device for controlling it, one closed circuit for circu-
lating a liquid between the collective heat pump and the
heating and cooling systems of the residential housing
units, a central control device for controlling the collective
heat pump, for each residential housing unit, a supply
branch from the closed circuit to the residential housing
unit, each supply branch being provided with an adjust-
able valve for regulating a flow rate on the supply branch,
the local control device being further configured to control
of the controllable valve, wherein the central control de-
vice and each of the local control devices together form
a control device, as described above.
[0042] In an embodiment of the disclosure, the collec-
tive heat pump comprises a plurality of air-water (gener-
ally air-liquid) heat pumps and/or water-water (generally
liquid-liquid) heat pumps, in particular a monoblock heat
pump, which are preferably arranged in parallel. Air-wa-
ter heat pumps have many advantages, for example they
can be placed and used anywhere without additional sys-
tems (such as a BEO field). The use of multiple air-water
heat pumps also provides the necessary redundancy,
e.g. if one heat pump is defective, this can be absorbed
by the remaining ones. Placing the heat pumps in parallel
is further advantageous because one or more of the heat
pumps can easily be switched on or off depending on the
actual needs. A defective heat pump can also easily be
accommodated by the remaining one and can be re-
paired or replaced without impact on the rest of the sys-
tem. Finally, the use of a monoblock heat pump increases
safety and reduces the cost price. The refrigerant (or
heating agent) is only present in one component, which
is completely separated from the liquid in the closed loop,
in which for example water can circulate. The installation
of the system can therefore largely be done without the

intervention of a specialized technician.
[0043] The use of water-to-water heat pumps, on the
other hand, is advantageous in applications with geother-
mal energy, e.g. a BEO (Borehole Energy Storage) field
or a KWO (Cold Heat Storage) field. Such geothermal
applications require the use of a liquid-liquid heat pump.
A common installation includes a single water-to-water
heat pump between the BEO/KWO field and the residen-
tial housing units. The water-water heat pump has a high
power (e.g. more than 100 kW) and only has an ON mode
and an OFF mode. As a result, there is a need for a
system of redundancies (e.g. expansion tanks, pressure
vessels, spare vessels, etc.) to meet variable energy
needs. Furthermore, frequency-controlled water-to-wa-
ter heat pumps are also known that allow to meet a var-
iable energy requirement via the variable frequency (i.e.
a heat pump with a constant flow but a variable frequency
to vary a difference in temperature between the incoming
and outgoing liquid). However, its cost is not economi-
cally viable for use in collective residential housing units
compared to the system of redundancies. In addition, this
often creates situations in which the heat pump does not
operate in optimal conditions.
[0044] The disclosure makes allows to replace one
high-power heat pump with several low-power heat
pumps (e.g. a power of about 5-20 kW, such as 10 kW).
Furthermore, the redundancies are unnecessary in the
context of the disclosure since the variable energy needs
can be met by temporarily switching on or off certain heat
pumps. In addition, multiple frequency-controlled water-
to-water heat pumps can also be used that in this way,
in addition to switching a heat pump on or off, respond
even better to the variable energy need.
[0045] The use of both air-water (general air-liquid) and
water-water (general liquid-liquid) heat pumps in the
same system allows to make optimal use of them in de-
pendence on weather conditions. To illustrate, the effi-
ciency of an air-to-water heat pump for heating decreas-
es with a decreasing outside temperature. A BEO/KWO
field each have a maximum total energy capacity that
must remain constant overall over one year. This is typ-
ically achieved by injecting the energy extracted in the
winter for heating back into the field by cooling in the
summer. For example, if the outside temperature is
above 10°C, an air-to-water heat pump is sufficiently ef-
ficient so that these heat pump(s) can provide the system
with the necessary energy and therefore no energy has
to be extracted from the BEO/KWO field. At a lower tem-
perature, it is then possible to switch to the water-to-water
heat pump(s) that are more efficient than the air-to-air
heat pumps at such temperatures. In the summer, if nec-
essary, the air-to-water heat pump can be used as an
additional source to inject energy into the BEO/KWO field
by means of the water-water heat pump(s). This addi-
tional injection of energy into the BEO/KWO field by
means of the air-to-water heat pumps in the summer can
be advantageous for various reasons, e.g. as compen-
sation for excess/exceptional use in the past winter or in
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a relatively cool summer where there is only little cooling,
etc. and therefore generally serves to maintain the overall
energy balance of the BEO/KWO field over the period of
one year.
[0046] In an embodiment of the disclosure, the heating
and cooling system is further provided with: one or more
flow rate meters for determining the actual flow rate on
the closed circuit on the output side of the collective heat
pump, wherein the central control device is further con-
figured to receive measurements from the one or more
flow rate meters, and a local flow rate meter on each
supply branch for measuring the flow thereon, the local
control device being further configured to receive meas-
urements from the local flow rate meter and transmit them
to the central control device. By linking the central flow
rate meter(s) with the central control device and each
local flow rate meter with a corresponding local control
device, the flow rate meters can use energy-efficient local
communication technology. Preferably, a central flow
rate meter is provided for each heat pump and the total
flow rate on the output side of the collective heat pump
is determined as the sum of all individual measurements.
[0047] The advantages of the embodiments of the dis-
closure described above and/or the second aspect are
also achieved with a method for controlling a heating
and/or cooling system for collective residential housing
units, which method comprises the following steps: ob-
taining a actual flow rate in a closed circuit in which liquid
circulates between a collective heat pump and the resi-
dential housing units, whereby each residential housing
unit is connected to the closed circuit via a supply branch;
obtaining maximum flow rate data on each supply
branch, which maximum flow rate data are based on an
energy requirement of the corresponding housing unit;
determining a maximum flow rate for each residential
housing unit based on the data obtained; and generating
control signals for limiting the flow rate on each supply
branch in accordance with the determined maximum flow
rate.
[0048] In an embodiment of the disclosure, determin-
ing the maximum flow rate comprises: determining the
total maximum flow rate by taking the sum of all maximum
flow rate data; if the total maximum flow rate is less than
the actual flow rate, determining the maximum flow rate
of each residential housing unit as its maximum flow rate
data; and if the total maximum flow rate is greater than
the actual flow rate, determining the maximum flow rate
of each residential housing unit as a fraction of its max-
imum flow rate data, the fraction corresponding to a ratio
between the actual flow rate and the total maximum flow
rate. Preferably, the method further comprises: obtaining
actual temperature data and desired temperature data
from each residential housing unit and temperature data
from the liquid at an output side of the collective heat
pump; determining a status of each housing unit based
on the actual temperature data and the desired temper-
ature data, the status being one of the following: heating
and cooling; and determining a status of collective heat

pump based on the temperature data of the liquid on the
output side of the collective heat pump, wherein the sta-
tus is one of the following: heating and cooling, wherein
the total maximum flow rate is determined by only resi-
dential housing units that have the same status as the
collective heat pump. Preferably, the method further
comprises: receiving an activation signal from one of the
residential housing units, which activation signal com-
prises a request for a greater flow rate than the maximum
flow rate data of said one of the housing units, wherein
the total maximum flow rate is determined by taking said
greater flow rate for said one of the housing units, and
wherein, if the total maximum flow rate is less than the
actual flow rate, the maximum flow rate of said one of
the housing units is determined as said greater flow rate.
The advantages of this have already been described
above.
[0049] In a third aspect, the present disclosure con-
cerns a control device for controlling a heating and/or
cooling system for collective residential housing units,
which heating and/or cooling system is provided with: a
collective heat pump, a plurality of residential housing
units, one closed circuit for circulating a liquid between
the collective heat pump and the residential housing
units, said closed circuit comprising a supply section and
a discharge section, a bypass between the supply section
and the discharge section for bypassing part of the liquid
around the plurality of residential housing units, and an
adjustable valve for regulating a flow rate over the by-
pass, wherein the control device is provided with: an in-
terface configured to obtain actual flow rate data in the
closed circuit; a database configured to store the actual
flow rate data and one or more flow rate threshold values
on the closed loop; an analysis module configured to de-
termine, based on the stored flow rate data, an evolution
of the flow during a past time interval; a decision module
configured to determine a flow rate over the bypass,
based on the evolution and the flow rate threshold values;
and a control module configured to generate control sig-
nals for controlling the adjustable valve, based on said
flow rate.
[0050] Providing an adjustable valve for regulating a
flow rate over the bypass is an improvement on the al-
ready known bypass in which an ON/OFF valve is
present. Firstly, the adjustable valve allows multiple flow
rates between the OFF position (no flow) or the ON po-
sition (maximum flow rate). Secondly, the control device
is able to monitor the flow rate in the closed circuit over
time and thus gradually adjust the adjustable valve on
the bypass according to the evolution. For example, the
adjustable valve can be opened gradually with a decreas-
ing flow rate, instead of immediately opening completely
as with the known valve, which fully open position may
remove too much flow, resulting in insufficient heating
and/or cooling for the residential housing units.
[0051] In an embodiment of the disclosure, a corre-
sponding flow rate over the bypass is stored in the data-
base for each threshold flow rate value. The decision
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module can easily and quickly consult this information,
e.g. in the form of a query table, to determine the neces-
sary flow rate over the bypass.
[0052] In an embodiment of the disclosure, said evo-
lution is one of: decreasing, stable and increasing, and
wherein the database is configured to store a different
set of flow rate threshold values for each evolution. The
decision module is preferably configured: to increase the
flow rate over the bypass in the event of a downward
trend; in the event of an increasing trend, to reduce the
flow rate over the bypass; and with a stable evolution, to
leave the flow rate through the bypass virtually un-
changed. The use of different sets of flow rate threshold
values allows the flow rate over the bypass to be adjusted
based on actual conditions. To illustrate, although a low
flow rate in the closed circuit (e.g. below a general flow
rate threshold value) may pose a risk to the operation of
the collective heat pump, the status of the evolution may
indicate not to send any flow rate through the bypass. In
particular, if the evolution is increasing, the low flow rate
threshold value may be higher than with a decreasing
evolution, since the risk for the collective heat pump is
lower with the increasing evolution.
[0053] In an embodiment of the disclosure, the heating
and/or cooling system is further provided with, for each
residential housing unit, a supply branch from the closed
circuit to the residential housing unit, each supply branch
being provided with an adjustable valve for regulating a
flow rate on the supply branch, wherein the interface is
further configured to obtain actual flow rate data from
each supply branch, wherein the decision module is fur-
ther configured to take into account the actual flow rate
data from each supply branch when determining the flow
rate over the bypass supply branch. The use of the actual
flow rate data on the supply branches allows the decision
module to anticipate a decreasing or increasing flow rate
on the closed circuit. Particularly in the case of drastic
adjustments in many residential housing units, analysing
the evolution may not detect the shock effect of the drastic
adjustments in time, resulting in a risk to the operation
of the collective heat pump.
[0054] In an embodiment of the disclosure, the control-
lable valve can be adjusted almost continuously between
an open position and a closed position. This increases
control over the flow rate control.
[0055] In an embodiment of the disclosure, the control
device is configured for controlling a heating and cooling
system for collective residential housing units. As already
described, one joint system has advantages over two
separate systems, namely one for heating and one for
cooling.
[0056] In an embodiment of the disclosure, the data-
base is configured to store a different set of flow rate
threshold values for each status of the collective heat
pump, wherein the status is one of the following: heating
and cooling. This also allows the specificity of a collective
heat pump for heating or cooling to be taken into account
when determining the flow rate over the bypass.

[0057] The advantages of the embodiments of the dis-
closure described above and/or the second aspect are
also achieved with a heating and cooling system for col-
lective residential housing units, which heating and cool-
ing system is provided with: a collective heat pump, a
plurality of residential housing units, each of which is pro-
vided with a heating and cooling system and a local con-
trol device for controlling it, one closed circuit for circu-
lating a liquid between the collective heat pump and the
heating and cooling systems of the residential housing
units, which closed circuit comprises a supply section
and a discharge section, an adjustable valve for regulat-
ing a flow rate over the bypass, and a control device, as
described above, for controlling the adjustable valve.
[0058] In an embodiment of the disclosure, the collec-
tive heat pump comprises a plurality of air-water (gener-
ally air-liquid) heat pumps and/or water-water (generally
liquid-liquid) heat pumps, in particular a monoblock heat
pump, which are preferably arranged in parallel. Air-wa-
ter heat pumps have many advantages, for example, they
can be placed and used anywhere without additional sys-
tems (such as a BEO field). The use of multiple air-water
heat pumps also provides the necessary redundancy,
e.g. if one heat pump is defective, this can be absorbed
by the remaining ones. Placing the heat pumps in parallel
is further advantageous because one or more of the heat
pumps can easily be switched on or off depending on the
actual needs. A defective heat pump can also easily be
accommodated by the remaining one and can be re-
paired or replaced without impact on the rest of the sys-
tem. Finally, the use of a monoblock heat pump increases
safety and reduces the cost price. The refrigerant (or
heating agent) is only present in one component, which
is completely separated from the liquid in the closed loop,
in which for example water can circulate. The installation
of the system can therefore largely be done without the
intervention of a specialized technician.
[0059] The use of water-to-water heat pumps, on the
other hand, is advantageous in applications with geother-
mal energy, e.g. a BEO (Borehole Energy Storage) field
or a KWO (Cold Heat Storage) field. Such geothermal
applications require the use of a liquid-liquid heat pump.
A common installation includes a single water-to-water
heat pump between the BEO/KWO field and the residen-
tial housing units. The water-water heat pump has a high
power (e.g. more than 100 kW) and only has an ON mode
and an OFF mode. As a result, there is a need for a
system of redundancies (e.g. expansion tanks, pressure
vessels, spare vessels, etc.) to meet variable energy
needs. Furthermore, frequency-controlled water-to-wa-
ter heat pumps are also known that allow to meet a var-
iable energy requirement via the variable frequency (i.e.
a heat pump with a constant flow but a variable frequency
to vary a difference in temperature between the incoming
and outgoing liquid). However, its cost is not economi-
cally viable for use in collective residential housing units
compared to the system of redundancies. In addition, this
often creates situations in which the heat pump does not
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operate in optimal conditions.
[0060] The disclosure makes allows to replace one
high-power heat pump with several low-power heat
pumps (e.g. a power of about 5-20 kW, such as 10 kW).
Furthermore, the redundancies are unnecessary in the
context of the disclosure since the variable energy needs
can be met by temporarily switching on or off certain heat
pumps. In addition, multiple frequency-controlled water-
to-water heat pumps can also be used that in this way,
in addition to switching a heat pump on or off, respond
even better to the variable energy need.
[0061] The use of both air-water (general air-liquid) and
water-water (general liquid-liquid) heat pumps in the
same system allows to make optimal use of them in de-
pendence on weather conditions. To illustrate, the effi-
ciency of an air-to-water heat pump for heating decreas-
es with a decreasing outside temperature. A BEO/KWO
field each have a maximum total energy capacity that
must remain constant overall over one year. This is typ-
ically achieved by injecting the energy extracted in the
winter for heating back into the field by cooling in the
summer. For example, if the outside temperature is
above 10°C, an air-to-water heat pump is sufficiently ef-
ficient so that these heat pump(s) can provide the system
with the necessary energy and therefore no energy has
to be extracted from the BEO/KWO field. At a lower tem-
perature, it is then possible to switch to the water-to-water
heat pump(s) that are more efficient than the air-to-air
heat pumps at such temperatures. In the summer, if nec-
essary, the air-to-water heat pump can be used as an
additional source to inject energy into the BEO/KWO field
by means of the water-water heat pump(s). This addi-
tional injection of energy into the BEO/KWO field by
means of the air-to-water heat pumps in the summer can
be advantageous for various reasons, e.g. as compen-
sation for excess/exceptional use in the past winter or in
a relatively cool summer where there is only little cooling,
etc. and therefore generally serves to maintain the overall
energy balance of the BEO/KWO field over the period of
one year.
[0062] In an embodiment of the disclosure, the heating
and cooling system is further provided with: one or more
flow rate meters for determining the actual flow rate on
the closed circuit on the output side of the collective heat
pump, wherein the control device is further configured to
receive measurements from the one or multiple flow rate
meters. Preferably, a flow rate meter is provided for each
heat pump and the total flow rate on the output side of
the collective heat pump is determined as the sum of all
individual measurements. By connecting the flow rate
meter(s) to the control device, it can use energy-efficient
local communication technology.
[0063] In an embodiment of the disclosure, the heating
and cooling system is further provided with: for each res-
idential housing unit, a local flow rate meter for measuring
a flow from the closed loop to the residential housing unit,
wherein the local control device is further configured to
receive measurements from the local flow rate meter and

forward it to the control device. As already described, this
allows the control device to anticipate a decreasing or
increasing flow rate on the closed circuit.
[0064] The advantages of the embodiments of the dis-
closure described above and/or the second aspect are
also achieved with a method for controlling a heating
and/or cooling system for collective residential housing
units, which method comprises the following steps: ob-
taining flow rate data in a closed circuit that circulates
liquid between a collective heat pump and the residential
housing units and one or more flow rate threshold values
on the closed circuit; determining an evolution of the flow
rate over a past time interval on the basis of the flow rate
data; and determining a flow rate over a bypass in the
closed circuit on the basis of the evolution and the flow
rate threshold values for bypassing part of the liquid
around the plurality of residential housing units.
[0065] In an embodiment of the disclosure, the evolu-
tion is one of: decreasing, stable and increasing, and
wherein determining the flow rate over the bypass com-
prises: in the event of a decreasing evolution, increasing
the flow rate over the bypass; in the event of an increasing
trend, reducing the flow rate over the bypass; and with a
stable evolution, leaving the flow rate through the bypass
virtually unchanged. The advantages of this have already
been described.
[0066] In an embodiment of the disclosure, the method
further comprises: obtaining actual flow rate data from
the closed circuit to each residential housing unit, where-
by these actual flow rate data are also used in determin-
ing the flow rate over the bypass. The advantages of this
have already been described.
[0067] It should be clear that, as will also become ap-
parent from the further description below, the above-
identified aspects of the disclosure and the various em-
bodiments of the disclosure (including any optional fea-
tures indicated) are not separate elements, but, on the
contrary, that these different elements can be mutually
combined to obtain embodiments of the disclosure other
than those already described, which embodiments of the
disclosure also form part of the present disclosure.

Brief description of the drawings

[0068] The disclosure will hereinafter be explained in
further detail on the basis of the following description and
the accompanying drawings.

Figure 1 shows a schematic overview of a heating
and cooling system for collective residential housing
units according to the present disclosure.
Figure 2 shows a flowchart of a first method for con-
trolling the temperature in the closed loop in a heating
and cooling system for collective residential housing
units according to the present disclosure.
Figure 3 shows a flowchart of a second method for
controlling the temperature in the closed loop in a
heating and cooling system for collective residential
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housing units according to the present disclosure.
Figure 4 shows a flowchart of a method for regulating
the maximum flow rates on the branches of the
closed circuit in a heating and cooling system for
collective residential housing units according to the
present disclosure.
Figure 5 shows a flowchart of a method for regulating
a flow rate on a closed loop bypass in a heating and
cooling system for collective residential housing
units according to the present disclosure.
Figure 6 shows a schematic overview of the func-
tional components in a control device for controlling
a heating and cooling system for collective residen-
tial housing units according to the present disclosure.

Embodiments of the Disclosure

[0069] The present disclosure will hereinafter be de-
scribed with reference to specific embodiments and with
reference to certain drawings, but the disclosure is not
limited thereto and is defined by the claims only. The
drawings shown here are only schematic representations
and are not restrictive. In the drawings, the dimensions
of certain parts may be shown enlarged, which means
that the parts in question are not shown to scale and this
is for illustrative purposes only. The dimensions and rel-
ative dimensions do not necessarily correspond to actual
practical embodiments of the disclosure.
[0070] In addition, terms such as "first", "second",
"third", and the like are used in the description and in the
claims to distinguish between similar elements and not
necessarily to indicate a sequential or chronological or-
der. The terms herein are interchangeable in appropriate
circumstances, and embodiments of the disclosure may
operate in different sequences than those described or
illustrated herein.
[0071] In addition, terms such as "top," "bottom," "top,"
"bottom," and the like are used in the description and in
the claims for descriptive purposes. The terms so used
are interchangeable in appropriate circumstances, and
the embodiments of the disclosure may operate in other
orientations than those described or illustrated herein.
[0072] The term "comprising" and derivative terms, as
used in the claims, shall not be construed as being limited
to the means set forth in each case thereafter; the term
does not exclude other elements or steps. The term shall
be interpreted as a specification of the stated properties,
integers, steps, or components referred to, without ex-
cluding the presence or inclusion of one or more addi-
tional properties, integers, steps, or components, or
groups thereof. The scope of an expression such as "a
device comprising means A and B" is therefore not limited
solely to devices consisting purely of components A and
B. What is meant, on the other hand, is that, as far as
the present disclosure is concerned, the only relevant
components are A and B.
[0073] The term "approximately" comprises variations
of +/- 10% or less, preferably +/-5% or less, more pref-

erably +/-1% or less, and more preferably +/-0.1% or less,
of the specified condition, to the extent that the variations
are applicable to function in the present disclosure. It
should be understood that the term "substantially A" is
intended to include "A".
[0074] Figure 1 shows a schematic overview of a heat-
ing and cooling system 100 for collective residential
housing units according to the present disclosure. It is to
be understood that, although the description hereinafter
refers to a combined heating and cooling system, certain
aspects of the present disclosure may also be applied to
a system solely for heating or cooling. In particular, the
methods described below with reference to Figures 3 and
4 are suitable for application to a system that serves ex-
clusively for heating or cooling, while the method de-
scribed below with reference to Figure 2 is only suitable
for application to a combined heating and cooling system.
[0075] The system 100 comprises a collection of res-
idential housing units 1201, 1202,..., 120N, hereinafter
jointly referred to as reference number 120, wherein N
is a natural number greater than 1. This collection 120
may be formed by several apartments in one or more
apartment buildings and/or several separate residential
buildings. Each of the housing units 120 is equipped with
a separate heating and cooling system 124. Examples
are such as classic radiators, underfloor heating, under-
floor cooling, convectors, etc. The heating and cooling
system 124 preferably uses liquid circulation, e.g. under-
floor and/or wall circulation, such that both heating and
cooling are possible via the same system.
[0076] The different housing units 120 can be identical
to each other or different from each other. For example,
it is possible that one or more of the housing units 120
have an additional separate system 125 for heating wa-
ter, e.g. a boiler, which is in energetic connection with
the heating and cooling system 124. This allows, for ex-
ample, for water to be heated to 60°C, 70°C or 80°C for
use as a shower while the heating and cooling system
124 uses water at 35°C for heating.
[0077] The system 100 also comprises a central col-
lective component 110 comprising a collective heat pump
114 that is connected to each of the residential housing
units 120 via a network of conduits indicated with refer-
ence numbers 130 et seq. The network of conduits to-
gether forms a closed circuit 130 for circulation of a liquid
between the collective heat pump 114 and each of the
local heating and cooling systems 124. The closed circuit
130 comprises a supply section 130A for supplying liquid
to the housing units 120 and a discharge section 130B
for removing liquid from the housing units 120. A plurality
of supply branches 1321, 1322,..., 132N are provided on
the supply section 130A (hereinafter collectively referred
to as reference numeral 132), each of which connects
one housing unit to the supply section 130A of the closed
circuit 130. On the discharge section 130B, a plurality of
supply branches 1341, 1342,..., 134N are also provided
(hereinafter collectively referred to as reference numeral
134), each of which connects one housing unit to the
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discharge section 130B of the closed circuit 130. Further-
more, in the embodiment of the disclosure shown, there
is a bypass 136 from the supply section 130A to the dis-
charge section 130B. The function of this bypass 136 is
described further and it should be understood that, in
other embodiments, this bypass may be absent.
[0078] The conduits 130, 132, 134, 136 can be made
from different materials, including plastic, composite, ce-
ment and/or metal. The conduits can be single- or multi-
walled. If necessary, insulation can also be provided
around (part of) the conduits. The conduits are preferably
laid underground as often as possible, because this is
advantageous in terms of insulation and is aesthetically
desirable.
[0079] The conduits are preferably suitable for trans-
porting both a hot and cold liquid. In an embodiment of
the disclosure, the liquid is water, but other liquids are
also possible. Preferably, these are liquids that do not
freeze at room temperature, such as ammonia, oil, alco-
hol or glycol. In an embodiment of the disclosure, the
warm liquid has a temperature between 5 and 50 °C,
which temperature is in particular at least 15 °C, more
particularly at least 20 °C and most particularly at least
25 °C and which temperature is in particular is not more
than 45 °C and more specifically not more than 40 °C.
An example of a warm medium temperature is 30 °C, 31
°C, 32 °C, 33 °C, 34 °C or 35 °C. In an embodiment of
the disclosure, the cold liquid has a temperature between
0 and 35 °C, which temperature is in particular at least 3
°C, more particularly at least 5 °C and most particularly
at least 8 °C and which temperature is in particular not
more than 20 °C, more particularly not more than 15 °C
and most particularly not more than 10 °C. An example
of a temperature of a cold medium is 9 °C.
[0080] Each housing unit 120 is further provided with
a plurality of sensors 1261,..., 126J, hereinafter collec-
tively referred to as reference number 126, wherein J is
a natural number greater than 1. Which and/or the
number of sensors 126 may differ per housing unit 120,
such as in the embodiment of the disclosure shown in
Figure 1 wherein L sensors are provided in housing unit
1201, J sensors are provided in housing unit 120N and K
sensors are provided in housing unit 1202, wherein J, K
and L are each a natural number greater than 1 and can
be different or equal to each other. Each of the sensors
described below determines, directly or indirectly (e.g.
through the use of a mathematical formula or a correla-
tion), a numerical value for a physical quantity. In what
follows, the output of the one or more sensors is referred
to as sensor data.
[0081] In the context of the present disclosure, the fol-
lowing sensors 126 may be relevant. With reference to
Figures 2 through 5, it will become clear which of the
sensors 126 mentioned below are important. One or
more sensors for measuring the temperature in one or
more spaces inside the housing unit and/or outside the
housing unit. One or more sensors for measuring the
humidity in one or more spaces inside the housing unit

and/or outside the housing unit. One or more sensors for
measuring the CO2 level in one or more spaces inside
the housing unit and/or outside the housing unit. One or
more sensors for measuring the particulate matter con-
tent in one or more spaces inside the housing unit and/or
outside the housing unit. One or more sensors for meas-
uring a flow rate in one or more conduits, in particular on
the supply branch 132 to the housing unit. One or more
sensors for measuring a pressure in one or more con-
duits, in particular on the supply branch 132 to the hous-
ing unit. One or more sensors for detecting a presence
in one or more spaces within the housing unit, e.g. an
infrared detector, a camera, a heat detector, the pres-
ence of a smartphone, etc. One or more sensors for de-
tecting light and/or light intensity in one or more spaces
within the housing unit.
[0082] Each housing unit 120 is further provided with
a plurality of actors 1281,..., 128P, hereinafter collectively
referred to as reference number 128, wherein P is a nat-
ural number greater than 1. Which and/or the number of
actors 128 may differ per housing unit 120, such as in
the embodiment of the disclosure shown in Figure 1,
wherein R actors are provided in housing unit 1201, P
actors are provided in housing unit 120N and Q actors
are provided in housing unit 1202, wherein P, Q and R
are each a natural number greater than 1 and can be
different or equal to each other. Each actor 128 directly
or indirectly controls one or more devices (or part thereof)
that are related to and/or have an influence on the heating
and cooling system 124. In what follows, the setting of
the one or more actors referred to as operating data.
[0083] In the context of the present disclosure, the fol-
lowing devices may be relevant to the operation of the
heating and cooling system 124. Firstly, the heating and
cooling system 124 itself, e.g. the floor circulation or an
HVAC. In addition, the following devices may also be
relevant: a ventilation system, a sun protection system
and an air conditioning system, or a combination thereof.
Which actors are present naturally depends on the de-
vices present in the housing unit. Examples of actors are
flow rate controllers, in particular a flow rate controller on
the supply branch 132 to the housing unit, valves, fan
motor, a drive for the sun blinds, rotating slats, ventilation
grilles, etc. Examples of the operating data are: the flow
rate, the position of the valves or the rotating slats, the
position of a sun blind, the power of the fan motor, the
position of a ventilation grille, etc.
[0084] In addition to sensor data and operating data,
there are also external data that are related to or may
have an influence on the operation of the heating and
cooling system 124. Examples comprise: outside tem-
perature, air pressure, ambient air quality (e.g. particulate
matter content), weather forecast, actual or expected en-
ergy prices, input from sensors external to the housing
unit, feedback from residents and/or other users, etc.
[0085] Another type of data in the context of the present
disclosure is user data. In particular, they represent the
conditions desired by the user within the housing unit or
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within a specific space therein. Typically, the desired con-
dition relates to the temperature, e.g. the occupant of a
housing unit desires a temperature of 21 °C in the period
between 6:30 am and 8:30 am and between 4:00 pm and
9:00 pm, while at other times, the temperature may be
lower or higher, e.g. 18 °C or 25 °C. Another example is
the desire for a constant temperature between 20 °C and
23 °C during the day, e.g. between 7 am and 8 pm.
[0086] The data, in particular the sensor data and op-
erating data, are typically obtained sequentially or pre-
sented as a series of values as a function of time. The
values may be obtained periodically, e.g. one value per
minute, although a regular interval is not crucial.
[0087] In each housing unit 120, a local control device
122 is further provided for controlling the heating and
cooling system 124. Figure 6 schematically illustrates
which functional components are present in the local con-
trol device 122.
[0088] The local control device 122 is generally a com-
puter system comprising a bus 602, a processor 604, a
local memory 606, one or more input/output (I/O) inter-
faces 608, and a communications interface 610. The bus
602 comprises one or more multiple conductors and al-
lows communication between the different components
of the computer system. Processor 604 comprises any
type of conventional processor or microprocessor that
reads and executes computer program instructions. Lo-
cal memory 606 is intended to comprise any form of com-
puter-readable information storage medium, such as a
working memory (e.g., Random Access Memory - RAM),
a static memory (e.g., a Read-Only Memory - ROM), a
hard drive, or removable storage media (e.g. a DVD, CD,
USB storage, SSD, etc.), etc. The local memory 606 typ-
ically serves to store information and instructions to be
processed by the processor. The I/O interface 608 may
comprise one or more conventional systems that enable
communication between the local control device 122 and
a user 160. Examples comprise a keyboard, a mouse,
speech recognition, biometrics, a (touch) screen, a print-
er, a speaker, etc. The communication interface 610 is
typically a transceiver system that allows communication
with external systems. Examples are a Wide Area Net-
work (WAN), such as the Internet, a Low Power Wide
Area Network (LPWAN) such as Sigfox, LoRa, Narrow-
Band loT, etc., a Personal Area Network (PAN) such as
Bluetooth, or a Local Area Network (LAN).
[0089] In the embodiment shown, the local control de-
vice 122 further comprises a number of interfaces togeth-
er indicated with reference number 620. More specifical-
ly, there is a first interface 612 for obtaining the sensor
data from the one or more sensors 126, a second inter-
face 614 for obtaining the operating data from the one or
more actors 128, a third interface 616 for obtaining the
external data from one or more external sources 150,
and a fourth interface 618 for obtaining the user data from
a user 160. Each of the interfaces described above can
collect data wirelessly or via a cable or even via a com-
bination of both wherein data from certain sensors/ac-

tors/sources is collected wirelessly and from other sen-
sors/actors/ sources via one or more cables. Each of
these interfaces may use the I/O interface 608 and/or the
communications interface 610.
[0090] The local memory 606 can serve for the (tem-
porary) storage of the data collected via the interfaces
620. For example, the collected data can be stored for a
predetermined period (e.g. one hour, one day or one
week) before being sent to an external database. How
long collected data is stored and/or how frequently col-
lected data is sent to an external database depends on
the desire to store as little data as possible locally and/or
to limit external communications. It is also possible to
forward certain collected data to the external database
on an (almost) continuous basis.
[0091] The processor 604 further comprises a control
module 622 that is configured to generate control signals
for one or more of the actors 128. If necessary, the proc-
essor 604 can use the communication interface 610 to
send these control signals to the actors 128.
[0092] As already described above, the system 100
comprises a collective heat pump 114 for bringing the
liquid in the closed circuit 130 to the desired temperature.
In the context of the disclosure, this may be a liquid-liquid
heat pump, in particular a plurality of parallel monobloc
water-water heat pumps, used in combination with or as
part of a BEO (Borehole Energy Storage) field or a KWO
(Cold Heat Storage) field. However, the disclosure is
mainly directed to the situation wherein the collective
heat pump 114 is formed by an air-water heat pump. In
the embodiment of the disclosure shown, the collective
heat pump 114 comprises several separate air-water
heat pumps 1141, 1142, 1143,..., 114M, wherein M is a
natural number greater than 1. These are preferably ar-
ranged in parallel. Further preferably, each air-water heat
pump is a monoblock heat pump.
[0093] The central collective component 110 further
comprises a plurality of sensors 1161,... 116S, hereinafter
collectively referred to as reference numeral 116, where-
in S is a natural number greater than 1. Each of the sen-
sors described below determines directly or indirectly
(e.g. via use of a mathematical formula or a correlation)
a numerical value for a physical quantity. In what follows,
the output of the one or more sensors is referred to as
sensor data.
[0094] In the context of the present disclosure, the fol-
lowing sensors 116 may be relevant. With reference to
Figures 2 through 5, it will become clear which of the
sensors 116 mentioned below are important. One or
more sensors for measuring the temperature of the liquid
in the closed circuit 130, in particular on the input and/or
output side of the collective heat pump 114, and option-
ally also for measuring the liquid temperature between
successive heat pumps. One or more sensors for meas-
uring a flow rate in the closed circuit 130, in particular on
the output side of the collective heat pump 114 and/or
on the bypass 136.
[0095] The central collective component 110 further
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comprises a plurality of actors 1181, ... 118T, hereinafter
collectively referred to as reference number 118, wherein
T is a natural number greater than 1. Each actor 118
directly or indirectly controls one or more elements relat-
ed to and/or may have an influence on the collective heat
pump 114 and/or the flow on the bypass 136. Examples
are flow rate controllers on the closed circuit 130 and/or
the bypass 136, power settings of the collective heat
pump 114 or of the individual heat pumps that are part
of it, etc. In what follows, the setting of one or more actors
is referred to as operating data.
[0096] The central collective component 110 also com-
prises a central control device 112 for controlling the col-
lective heat pump 114. Figure 6 schematically illustrates
which functional components are present in the central
control device 112.
[0097] The central control device 112 is generally a
computer system comprising a bus 652, a processor 654,
a central memory 656, one or more input/output (I/O)
interfaces 658, and a communications interface 660. The
bus 652 comprises one or more multiple conductors and
allows communication between the different components
of the computer system. Processor 654 comprises any
type of conventional processor or microprocessor that
reads and executes computer program instructions. Lo-
cal memory 656 is intended to comprise any form of com-
puter-readable information storage medium, such as a
working memory (e.g. Random Access Memory - RAM),
a static memory (e.g. a Read-Only Memory - ROM), a
hard drive, or removable storage media (e.g. a DVD, CD,
USB storage, SSD, etc.), etc. The local memory 656 typ-
ically serves to store information and instructions to be
processed by the processor. The I/O interface 658 may
comprise one or more conventional systems that enable
communication between the central controller 112 and
an administrator 170. Examples comprise a keyboard, a
mouse, speech recognition, biometrics, a (touch) screen,
a printer, a speaker, etc. The communication interface
660 is typically a transceiver system that allows commu-
nication with external systems. Examples are a Wide Ar-
ea Network (WAN), such as the Internet, a Low Power
Wide Area Network (LPWAN) such as Sigfox, LoRa, Nar-
rowBand loT, etc., a Personal Area Network (PAN) such
as Bluetooth, or a Local Area Network (LAN).
[0098] In the embodiment shown, the central control
device 112 further comprises a number of interfaces col-
lectively indicated by reference numeral 670. More spe-
cifically, there is a first interface 672 for obtaining data
from the various local control devices 122, a second in-
terface 674 for obtaining sensor data from the one or
more sensors 116, and a third interface 676 for obtaining
the operating data from the one or more actors 118. Each
of the interfaces described above can collect data in a
wireless or wired manner or even a combination of both.
Each of these interfaces can use the I/O interface 658
and/or the communication interface 660.
[0099] The central memory 656 can serve for the (tem-
porary) storage of the data collected via the interfaces

670. In the embodiment shown, the central memory 656
comprises the following modules: a long-term storage
662, a housing unit-specific data storage 664, a user-
preferences storage 666, and collective heat pump op-
erating conditions storage 668. The long-term storage
662 serves to store historical data. (e.g. sensor data, op-
erating data, external data and/or user data), which data
is then stored as a time series and can cover a period of
days, weeks, months or even years. The housing unit-
specific data storage 664 serves to store data that is
unique to a housing unit, e.g. its orientation, maximum
or average energy requirements for heating, maximum
or average energy requirements for cooling, energy re-
tention of the housing unit, etc. In other words, the hous-
ing unit specific data storage 664 comprises a set of data
per housing unit. The user-preference storage 666
serves to store preferences of residents/users of a hous-
ing unit, e.g. a schedule of the desired temperature per
day of the week. In other words, the user-preference stor-
age 666 comprises at least one set of data per housing
unit and may, if necessary, contain multiple sets per
housing unit, namely a first set for a first resident and a
second (possibly different set) for a second resident of
the same housing unit. The collective heat pump oper-
ating conditions storage 668 contains data regarding the
operating conditions for the collective heat pump 114,
e.g. minimum and/or maximum flow rates, optimal incom-
ing/outgoing liquid temperature, desired power, etc. The
function of these specific modules is described below
with reference to Figures 2 through 5.
[0100] The processor 654 further comprises a control
module 682 that is configured to generate control signals
for one or more of the actors 118. If necessary, the proc-
essor 654 can use the communication interface 660 to
send these control signals to the actors 118. The proc-
essor 654 in the embodiment of the disclosure shown
also comprises an analysis module 684, a machine learn-
ing module 686, and a decision module 688. The analysis
module 684 typically serves to analyse certain parame-
ters of the system 100 to determine a trend therein or a
need. The machine learning module 686 typically com-
prises a form of artificial intelligence (e.g., a neural net-
work) that can recognize patterns and/or make predic-
tions about user preferences, properties of a housing
unit, based on the historical data available in the long-
term storage 662 etc. The decision module 688 serves
to make a decision about one or more settings of actors
on the basis of a set of parameters or values. The decision
module 688 can be rule-based, but can also use artificial
intelligence, e.g. a neural network. The function of these
specific modules is discussed below with reference to
Figures 2 through 5.
[0101] Figure 2 shows a flowchart of a first method 200
for controlling the liquid temperature in the closed circuit
130 in the heating and cooling system 100. The method
200 is control-based and serves to control the collective
heat pump 114 on the basis of actual temperature data
and user data regarding temperature in the housing units
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120 in combination with actual and historical temperature
data of the liquid in the closed circuit 130, in particular
on the output side of the collective heat pump 114.
[0102] In a first step of the method 200, the central
control device 112 collects (202) data regarding the ac-
tual temperature in the housing units 120 or in certain
spaces thereof. This can be done, for example, via the
thermometers 126 present in the housing units 120,
whose data are sent by the local control devices 122 to
the central control device 112.
[0103] In step 202, data is also collected about the tem-
perature desired by a resident (or user) of the housing
units. This data can be obtained in various ways. Clas-
sically, the resident has pre-entered a schedule into the
local controller 122, which schedule comprises a sum-
mary of the desired temperature at any time of the day
for each day of the week. This schedule is preferably also
stored in the user preferences storage module 666 in the
central memory 656. The resident can adjust this sched-
ule via the I/O module 608, after which an update can
take place in the user preferences storage module 666.
Via the I/O module 608, the resident can also temporarily
deviate from the schedule, after which the local control
device 122 passes on this deviation to the central control
device 112. It is also possible that the machine learning
module 686, based on the historically stored desired tem-
perature data in the long term storage 662, predicts the
temperature desired by a resident at the actual time or
that the machine learning module 686 proposes its own
weekly schedule. This schedule can then replace the ac-
tual schedule, for example after validation by the resi-
dent.
[0104] In step 204, the processor 654, in particular the
analysis module 684, calculates the difference value be-
tween the actual temperature in the housing units and
the desired temperature in order to determine the general
need. In an embodiment, both the sum of the actual tem-
perature in each housing unit and the sum of the desired
temperature in each housing unit are calculated. The sum
of the actual temperatures is then subtracted from the
sum of the desired temperatures to obtain the tempera-
ture difference value. If the temperature difference value
is positive, this means that there is a general need for
heating, while a negative temperature difference value
corresponds to a general need for cooling. Of course,
the difference can also be taken the other way around.
[0105] In step 206, the processor 654, in particular the
decision module 688, checks whether the temperature
difference value is positive or negative. In an embodiment
(indicated by the dotted lines in Figure 2), the method
200 proceeds directly to step 214. More specifically, if
the temperature difference value is positive, then the de-
cision module 688 decides that warm liquid should cir-
culate in the closed circuit 130, option 214A. In step 214A,
the necessary control signals are thus generated by the
control module 682 and sent to the actors 118 of the
collective heat pump 114 such that a warm liquid circu-
lates in the supply section 130A of the closed circuit 130.

However, if the temperature difference value is negative,
then the decision module 688 decides that cold liquid
should circulate in the closed loop 130, option 214B. In
step 214B, the necessary control signals are thus gen-
erated by the control module 682 and sent to the actors
118 of the collective heat pump 114 such that a cold liquid
circulates in the supply section 130A of the closed circuit
130.
[0106] In the embodiment of the disclosure shown (sol-
id lines in Figure 2), the method continues from step 206
to step 208. Step 208 is a further data collection step
wherein the central control device 112 collects data re-
garding the actual temperature of the liquid in the closed
circuit 130, in particular in its supply section 130A. This
can be done via a thermometer 116, present on the output
side of the collective heat pump 114, or by checking the
actual settings of the relevant actors 118.
[0107] In step 210, the processor 654, in particular the
decision module 688, checks which of four possible sit-
uations is actually present. More specifically, in situation
210A, the temperature difference value is positive and
hot liquid is circulating; in situation 210B, the temperature
difference value is positive and cold liquid is circulating;
in situation 210C, the temperature difference value is
negative and warm liquid circulates; and in situation
210D, the temperature difference value is negative and
cold liquid is circulating. In situations 210A and 210D, no
global adjustment is therefore necessary, i.e. there is a
need for heating/cooling and circulating as hot/cold liquid.
The method then proceeds to step 214 for generating
the necessary control signals as already described.
[0108] In situations 210B and 210C, a global adjust-
ment is necessary, namely there is a need for heating
but cold liquid is circulating (situation 210B) or vice versa
(situation 210C). In this situation, the processor 654 per-
forms an additional analysis on the historical data of the
collective heat pump 114. More specifically, it is checked
(step 212) whether a changeover has already taken place
recently (e.g. in the past hour or in the past 2 or 3 hours)
from warm liquid to cold liquid (or vice versa). If there has
been a change recently, it is not desirable to carry out a
changeover again. This is because a great deal of energy
is required to change the temperature of the liquid in the
closed circuit 130. The decision module 688 thus de-
cides, if there was a recent change (212A), to keep the
actual setting (hot/cold), and if there was no recent
change (212B), to adjust the setting. The method then
proceeds to step 214 for generating the necessary con-
trol signals as already described.
[0109] In an advantageous embodiment of the disclo-
sure, the central control device 112 can forward informa-
tion about this decision to the local control devices 122
(step 216), e.g. via the communication interface 660. In
this way, each of the local control devices 122 obtains
information about which energy flow will arrive in the fu-
ture, i.e. hot or cold liquid. In this way, each local control
device 122 can anticipate and, depending on the desired
temperature to be achieved, whether or not circulate liq-
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uid from the closed circuit 130 to the housing unit 120.
For example, if the resident wishes a temperature of 21
°C, while the actual temperature is 23 °C (i.e. there is a
need for cooling), and the corresponding local control
device 122 is informed about the circulation of warm liquid
in the closed circuit 130, a local decision can be made
to reduce the flow rate on the supply branch 134 or even
stop it completely. Alternatively, step 216 can be omitted
and each local control device 122 must determine the
temperature of the liquid on the supply branch 134 in
order to make a decision regarding the flow rate through
that branch.
[0110] It may also be advantageous to use the absolute
value of the temperature difference value calculated in
step 204 to control the collective heat pump 114. More
specifically, the higher this absolute value (or the abso-
lute value divided by the number of housing units), the
more there is a need for heating or cooling. This can be
taken into account by the decision module 688 to deter-
mine the exact temperature of the hot or cold liquid, e.g.
by increasing or decreasing it by a number of °C. This
information is then comprised in step 214 for generating
the necessary control signals.
[0111] Figure 3 shows a flowchart of a second method
300 for controlling the liquid temperature in the closed
loop 130 in the heating and cooling system 100. The
method 300 serves to control the collective heat pump
114 by generating a temperature-time profile of the de-
sired temperature of the liquid in the closed circuit 130,
in particular on an output side of the collective heat pump
114, as a function of time during a future time interval. In
other words, while the method 200 serves to perform a
control (or regulation) at the actual time, the method 300
takes it one step further and provides a control (or regu-
lation) during a future time interval (e.g., for the next hour
or the next two or three hours).
[0112] In a first step of the method 300, the central
control device 112 collects (302) data regarding the ac-
tual temperature in the housing units 120 or in certain
spaces thereof. This can be done, for example, via the
thermometers 126 present in the housing units 120,
whose data are sent by the local control devices 122 to
the central control device 112.
[0113] In step 302, data is also collected regarding the
temperature desired by an occupant (or user) of the hous-
ing units. This data can be obtained in various ways. Clas-
sically, the resident has entered a schedule in advance
into the local control device 122, which schedule com-
prises an overview of the desired temperature at any time
of the day for each day of the week. This schedule is
preferably also stored in the user preferences storage
module 666 in the central memory 656. The resident can
adjust this schedule via the I/O module 608, after which
an update in the user preferences storage module 666
can be made. Via the I/O module 608, the resident can
also temporarily deviate from the schedule, after which
the local control device 122 passes on this divergence
to the central control device 112. It is also possible that

the machine learning module 686, based on the histori-
cally stored desired temperature data, in the long term
storage 662, makes a prediction of a resident’s desired
temperature at the actual time or whether the machine
learning module 686 proposes its own weekly schedule.
This schedule can then replace the actual schedule, for
example after validation by the resident.
[0114] In step 302, data is preferably also collected
about the temperature desired by a resident (or user) of
the housing units during a future time interval, in particular
the same time interval for which a temperature-time pro-
file is to be generated.
[0115] Step 302 is followed by a further step for col-
lecting data (step 304), namely data regarding energy
loss properties of each housing unit. Energy loss refers
to numerical data regarding the heat loss and/or cold loss
of a housing unit. For example, energy loss can be de-
scribed as a curve that shows the evolution of tempera-
ture in a housing unit (or space therein) as a function of
time without input of additional energy in a specific cir-
cumstance (e.g. presence of people, status of sun blinds,
climate, the actual weather, the insulation of the home,
time of day, etc.). Such data regarding energy loss of
each housing unit can be predetermined, e.g. depending
on the type of housing unit (terraced house, detached
house, apartment, etc.), depending on the location, de-
pending on the season, depending on the insulation of
the home, etc. For example, a technician can enter a
number of parameters of the home into the local control
device 122 and the central control device 112 has a large
database from which the most appropriate energy loss
data is assigned to the housing unit based on the entered
parameters. The selected energy loss data is then stored
in the housing unit specific data storage 664.
[0116] However, preferably, the machine learning
module 686 plays a role in obtaining the energy loss data.
Hereto, the machine learning module 686 uses the his-
torical data in the long-term storage 662 to estimate the
energy loss of each housing unit during a future time
interval, specifically the same time interval for which a
temperature-time profile is to be generated. The advan-
tage of this is that the energy loss data is not static and
can take into account the actual situation in each housing
unit, e.g. is someone actually present, are the sun blinds
open or closed, what are the strict temperature margins
of the residents (e.g. 1 °C or 4 °C tolerance), etc.
[0117] There are several possible ways to use the ma-
chine learning module 686 to estimate the energy loss
data. One way is to analyse the historical data looking
for a point in time with identical (or at least very similar)
conditions (i.e. weather conditions, season, presence,
actual indoor temperature, desired temperature, etc.). If
a sufficiently similar set of conditions is identified in the
historical data, the machine learning module 686 can de-
termine how much energy was used by the housing unit
(or a similar housing unit) in the time interval following
the similar set of conditions. This amount of energy is
then an indication of the energy loss. Another way is to
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train the machine learning module 686 on the historical
data in the long-term storage 662 to generate a predictive
model per housing unit based on a number of input pa-
rameters (e.g. weather conditions, season, occupancy,
actual indoor temperature, desired temperature, etc.)
generates a value of the energy loss of the housing unit
during a future time interval.
[0118] In step 306, the processor 654, in particular the
analysis module 684, calculates the required energy per
housing unit during a future time interval by using the
actual temperature, the desired temperature and the en-
ergy loss data. In this step, information regarding the sep-
arate heating and cooling system 124 present in the
housing unit 122 can also be taken into account. Certain
types of systems 124 require more/less energy to get
from the actual temperature to the desired temperature.
In particular, the efficiency of the heating and cooling
system 124 is a relevant parameter and is preferably also
available in the housing unit specific data storage 664.
[0119] In step 308, the processor 654, in particular the
decision module 688, determines a temperature-time
profile of the required temperature of the liquid in the
closed circuit 130, in particular on an output side of the
collective heat pump 114, as a function of time during
the future time interval. based on the calculated required
energy. There are a number of relatively simple situa-
tions, namely wherein all housing units want heating or
cooling (e.g. in winter or summer). In such a situation,
the decision module 688 can determine a constant tem-
perature-time profile wherein the specific value of the liq-
uid temperature is directly proportional to the required
energy. More complex situations often occur in spring or
autumn wherein some of the housing units want heating,
some of the housing units want cooling, and some of the
housing units want to maintain the status quo. The deci-
sion module 688 will then generate a varying tempera-
ture-time profile in which warm liquid or cold liquid circu-
lates in the closed circuit 130 in different sequential phas-
es.
[0120] In an advantageous embodiment, the decision
module 688 also takes into account the energy loss in
the housing units when generating the temperature-time
profile. By way of illustration, if it has been determined
for a housing unit that in a period of 1 hour the temper-
ature drops from 22 °C to 19 °C (i.e. to the lower limit of
permitted temperature limits), then the length of a cooling
phase is preferably not higher than 1 hour.
[0121] In step 310, the necessary control signals are
generated by the control module 682 and sent to the ac-
tors 118 of the collective heat pump 114 such that the
temperature of the liquid in the supply section 130A of
the closed circuit 130 follows the calculated temperature-
time profile.
[0122] In step 312, the central control device 112 sends
information about the calculated temperature-time profile
to the local control devices 122, e.g. via the communica-
tion interface 660. In this way, each of the local control
devices 122 obtains information about which energy flow

will arrive in the future, i.e. hot or cold liquid. In this way,
each local control device 122 can anticipate and, depend-
ing on the desired temperature to be achieved, whether
or not to circulate liquid from the closed circuit 130 to the
housing unit 120. For example, if the resident wants a
temperature of 21 °C, while the actual temperature is 23
°C (i.e. there is a need for cooling), and the corresponding
local control device 122 is informed about the circulation
of warm liquid in the closed circuit 130, a local decision
can be made to reduce the flow rate on the supply branch
134 or even stop it completely. In this step, the central
control device 112 can also send recommendations or
instructions to the local control devices 122 about the
extent to which the housing unit 122 needs to be heat-
ed/cooled. For example, the recommendation may be to
heat the housing unit 122 as much as possible (e.g. to
23 °C) towards the end of the heating phase such that
there is sufficient heat to bridge the subsequent cooling
phase with an acceptable temperature drop.
[0123] Figure 4 shows a flowchart of a method 400 for
controlling the maximum flow rates on the branches 134
of the closed circuit 130 in the heating and cooling system
100. This method 400 generally aims to achieve a pro-
portional distribution of the flow rate in the closed circuit.
130 available across the various housing units 122 such
that there is sufficient capacity for heating and/or cooling
everywhere.
[0124] In a first step of the method 400, the central
control device 112 collects (402) data regarding a max-
imum energy requirement of each housing unit. Typically
this is a set of static data stored in the housing unit specific
data storage 664, whereby for each housing unit 122 two
numerical values are stored, namely a maximum energy
requirement in heating and a maximum energy require-
ment in cooling. These values are normally determined
theoretically depending on the separate heating and
cooling system 124 and properties of the housing unit
(e.g. the degree of insulation) at a specific ambient tem-
perature (e.g. 35 °C for cooling or -10 °C for heating).
[0125] In step 402, data is also collected regarding the
actual flow rate in the closed circuit 130. This can be
done, for example, via a flow rate meter present in the
closed circuit 130, e.g. on the output side of the collective
heat pump 114.
[0126] In step 402, the central control device 112 also
collects data regarding the actual temperature in the
housing units 120 or in certain spaces thereof. This can
be done, for example, via the thermometers 126 present
in the housing units 120, whose data are sent by the local
control devices 122 to the central control device 112.
[0127] In step 402, data is also collected regarding the
temperature desired by an occupant (or user) of the hous-
ing units. This data can be obtained in various ways. Clas-
sically, the resident has entered a schedule in advance
into the local control device 122, which schedule com-
prises an overview of the desired temperature at any time
of the day for each day of the week. This schedule is
preferably also stored in the user preferences storage
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module 666 in the central memory 656. The resident can
adjust this schedule via the I/O module 608, after which
an update can be made in the user preferences storage
module 666. Via the I/O module 608, the resident can
also temporarily deviate from the schedule, after which
the local control device 122 passes on this deviation to
the central control device 112. It is also possible that the
machine learning module 686, based on the historically
stored desired temperature data, in the long term storage
662, makes a prediction of a resident’s desired temper-
ature at the actual time or whether the machine learning
module 686 proposes its own weekly schedule. This
schedule can then replace the actual schedule, for ex-
ample after validation by the resident.
[0128] In step 402, the central control device 112 also
collects data regarding the actual temperature of the liq-
uid in the closed circuit 130, in particular in its supply
section 130A. This can be done via a thermometer 116
present on the output side of the collective heat pump
114 or by checking the actual settings of the relevant
actors 118.
[0129] In step 404, the processor 654, in particular the
analysis module 684, calculates which housing unit
needs heating or cooling. This can be done, for example,
by making a comparison of the actual and desired tem-
perature in the housing unit. After determining the status
of the housing units (i.e. heating or cooling), the analysis
module 684 checks whether collective heat pump 114 is
actually in heating or cooling mode (i.e. hot or cold liquid
circulating in closed loop 130). The analysis module 684
also calculates, based on the maximum energy require-
ment, the maximum flow rate required per housing unit.
These two quantities are directly proportional to each oth-
er as described above. Optionally, the analysis module
684 may also determine the current energy requirement
and the therewith corresponding current desired flow
rate.
[0130] In step 406, the decision module 688 in the proc-
essor 654 uses the status of the housing units 122 and
the mode of the collective heat pump 114 to exclude a
number of housing units. More specifically, all housing
units whose status does not correspond to the mode of
the collective heat pump 114 are excluded (e.g. by setting
their desired flow rate to value 0). In this way, only housing
units remain that want heating (in case the collective heat
pump 114 is in heating mode) or housing units that want
cooling (in case the collective heat pump 114 is in cooling
mode). In the case of a system 100 that only provides
heating or cooling, step 406 is superfluous and the meth-
od from step 404 proceeds directly to step 408.
[0131] In step 408, the processor 654, in particular the
analysis module 684, calculates the total maximum flow
rate of the non-excluded housing units, for example by
summing the maximum flow rate of each housing unit.
This total maximum flow rate is then compared with the
actual flow rate in the closed circuit 130. This gives rise
to two situations, namely situation 410A wherein the ac-
tual flow rate is greater than the total maximum flow rate

and situation 410B wherein the actual flow rate is smaller
than the total maximum flow rate. The same can be done
also for determining a total current desired flow rate.
[0132] This information is then available to the decision
module 688, which makes a decision in step 412 about
the specific value of the maximum flow rate in each of
the supply conduits 134. In situation 410A, the decision
is relatively simple. There is sufficient flow rate in the
closed circuit 130 such that each housing unit can receive
the necessary maximum flow rate. The decision can also
be made here to reduce the flow rate in the closed circuit
130. However, this is not always practically possible, e.g.
in the case of an air-water heat pump, the flow rate is
typically a fixed value. However, in the context of a BEO
or KWO field, a variable flow heat pump is often in use.
However, in situation 410B there is insufficient flow rate.
A possible decision is to increase the flow rate in the
closed circuit 130. However, if this is not technically fea-
sible (e.g. with an air-water heat pump), the decision
module 688 makes the decision to distribute the available
flow proportionally among the housing units. More spe-
cifically, this can be done by dividing the necessary max-
imum flow rate value of each housing unit by the total
maximum flow rate and multiplying by the available flow
rate.
[0133] Alternatively, it can be checked whether the
available flow rate is higher than the total current desired
flow rate. If necessary, the maximum flow rate in each
supply line 134 can be determined as the current desired
flow rate in order to better meet the energy requirements.
If not, the decision module 688 takes the decision to dis-
tribute the available flow rate evenly among the housing
units, for example on the basis of their maximum flow
rate or their current desired flow rate.
[0134] In step 414, the necessary control signals are
generated by the control module 682 and sent to the ac-
tors 118 of the collective heat pump 114 such that, if
possible, the flow rate in the closed circuit 130 is adjusted.
[0135] In step 416, the central control device 112 sends
information about the calculated maximum flow rates to
the local control devices 122 such that a flow rate limiter
present on the corresponding supply conduit 134 can be
set to the calculated flow rate. Information can also be
sent to the excluded housing units such that they can
completely shut off their supply.
[0136] The method 400 can optionally also be used to
deal with exceptional local situations, in particular in the
event that one (or only a few) housing unit(s) unexpect-
edly has(have) a greater energy need than the theoretical
maximum energy requirement. Such a situation can oc-
cur after a holiday period when the housing unit has
cooled down or warmed up considerably and the resi-
dents wish to quickly bring the housing unit to a desired
temperature. In such a case, the local control device 122
can signal to the central control device 122 that the max-
imum flow rate for that housing unit is fully used. The
central control device 122 can check (e.g. in step 410A)
how much flow is actually surplus in the system 100 and,
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if necessary, (partly) allocate this flow to the housing unit,
e.g. via the signalling in step 416.
[0137] It is furthermore possible to apply methods 300
and 400 simultaneously. For example, when determining
the maximum flow rate per housing unit, to use informa-
tion about the temperature-time profile during the future
time interval to regulate the maximum flow rate per hous-
ing unit in this future time interval.
[0138] Figure 5 shows a flowchart of a method 500 for
regulating a flow rate on a bypass 136 of the closed circuit
130 in the heating and cooling system 100. This method
500 generally has the aim of avoiding too low flow rates
over the collective heat pump 114 which, especially with
air-water heat pumps, can lead to defects and/or failure
of a heat pump.
[0139] In step 502, data is collected regarding the ac-
tual flow rate in the closed circuit 130. This can be done,
for example, via a flow rate meter present in the closed
circuit 130, e.g. on the output side of the collective heat
pump 114. Although an air-water heat pump 114 typically
delivers a fixed flow rate, the influence of varying pres-
sure on the closed circuit 130 can still lead to a reduced
flow rate over the collective heat pump 114. At the same
time, historical data about the flow rate in the closed cir-
cuit 130 are also collected, e.g. from long-term storage
662. Typically this is data over a recent historical period,
e.g. one hour or several hours. The one or more flow rate
threshold values of the collective heat pump 114 (or of
the individual heat pumps that are part of it) are also
retrieved from the collective heat pump operating condi-
tions storage 668.
[0140] In step 504, the processor 654, in particular the
analysis module 684, calculates whether there is a trend
in the historical flow rate data. More specifically, the anal-
ysis module 684 checks whether the flow rate in the
closed loop 130 is actually decreasing or whether there
has been a declining trend in the recent historical period.
In case of an actual downward trend, the method pro-
ceeds to step 506 and in case there has been a downward
trend (which is no longer downward today) the method
proceeds to step 508.
[0141] In step 506, the processor 654, in particular the
decision module 688, compares the actual flow rate value
in the closed circuit 130 with the one or more threshold
values to make a decision on the basis of which flow rate
should flow over the bypass 136. More concretely, the
lower the flow rate in the closed circuit 130, the higher
the flow rate over the bypass 136 must be. In other words,
the decision module 688 checks between which of the
different flow rate values the flow rate falls and decides
on that basis what flow rate is required over the bypass
136.
[0142] In step 508, the processor 654, in particular the
decision module 688, determines whether the flow rate
in the closed loop is actually stable or increasing. With a
stable flow rate, the decision module 688 then decides
not to make any adjustment to the flow rate over the by-
pass 136 and the method possibly returns to step 502.

With an increasing flow rate, the decision module com-
pares the actual flow rate value in the closed circuit 130
with the one or several threshold values to make a deci-
sion on the basis of which flow rate should flow over the
bypass 136. More concretely, the lower the flow rate in
the closed circuit 130, the higher the flow rate over the
bypass 136 should be. In other words, the decision mod-
ule 688 checks between which of the different flow rate
values the flow rate falls and decides on that basis what
flow rate is required over the bypass 136.
[0143] In step 510, the control module 682 generates
the necessary control signals and sends them to the ac-
tors 118, in particular the flow rate controller 135, of the
collective heat pump 114 such that the flow rate over the
bypass 136 in the closed circuit 130 is adjusted.
[0144] The method 500 can be further improved, as an
alternative to the trend analysis, by using input from the
local control devices 122 to check whether the flow rate
on the closed circuit 130 will decrease, e.g. if many hous-
ing units indicate that they do not require heating/cooling.
It is also possible to apply methods 300 and 500 simul-
taneously. For example, when determining the flow rate
over the bypass, to use information about the tempera-
ture-time profile during the future time interval to regulate
the flow rate over the bypass in this future time interval.
Furthermore, input from method 400 can also be used in
method 500 (or vice versa) by taking into account any
flow rate through bypass 136 when calculating the max-
imum flow rate on the supply bypass.
[0145] The methods described above can be imple-
mented as computer program instructions. These or
parts thereof may be stored locally in the memory 606 of
one or more local control devices 122 as well as in the
memory 656 of the central control device 112. Alterna-
tively, the computer program instructions or parts thereof
may be stored externally and accessible to the central
control device 112 and/or one or more local control de-
vices 122 via a respective communication interface.

Claims

1. A control device (112, 122) for controlling a collective
heat pump (114) in a heating and/or cooling system
(100) for collective residential housing units, which
heating and cooling system is provided with:

- the collective heat pump,
- a plurality of residential housing units (1201, ...,
120N),
- one closed circuit (130) for circulating a liquid
between the collective heat pump and the resi-
dential housing units, and
- for each residential housing unit, a supply
branch (1341, ..., 134N) from the closed circuit
to the residential housing unit, each supply
branch being provided with an adjustable valve
for regulating a flow rate at the supply branch,
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wherein the control device is provided with:

- an interface (670) configured to obtain an ac-
tual flow rate in the closed circuit and maximum
flow rate data of each supply branch, which max-
imum flow rate data are based on an energy
requirement of the corresponding housing unit;
- a decision module (688) configured to deter-
mine, based on the data obtained, a maximum
flow rate for each residential housing unit; and
- a communications module (660) configured to
send maximum flow rate rat data to a respective
residential housing unit.

2. The control device according to claim 1, wherein the
decision module is configured to:

- determine the total maximum flow rate by tak-
ing the sum of all maximum flow rate data;
- if the total maximum flow rate is smaller than
the actual flow rate, to determine the maximum
flow rate of each residential housing unit as its
maximum flow rate data; and
- if the total maximum flow rate is greater than
the actual flow rate, to determine the maximum
flow rate of each residential housing unit as a
fraction of its maximum flow rate data, wherein
the fraction corresponds to a ratio between the
actual flow rate and the total maximum flow rate.

3. The control device according to claim 1, wherein the
communications module is further configured to re-
ceive data from the residential housing units, and
wherein, upon receipt of an activation signal from
one of the residential housing units, which activation
signal comprises a request for a greater flow rate
than the maximum flow rate data of said one of the
residential housing units, the decision module is con-
figured to:

- determine the total maximum flow rate by tak-
ing the sum of all maximum flow rate data for all
residential housing units except said one of the
residential housing units with the aforemen-
tioned larger flow rate;
- if the total maximum flow rate is less than the
actual flow rate, to determine the maximum flow
rate of each residential housing unit as its max-
imum flow rate data for all residential housing
units except said one of the residential housing
units and to determine the maximum flow rate
of said one of the residential housing units as
said larger flow rate; and
- if the total maximum flow rate is greater than
the actual flow rate, to determine the maximum
flow rate of each residential housing unit as a
fraction of its maximum flow rate data, wherein
the fraction corresponds to a ratio between the

actual flow rate and the total maximum flow rate.

4. The control device according to any one of the pre-
ceding claims, wherein the control device is config-
ured to control a heating and cooling system for col-
lective residential housing units.

5. The control device according to claim 4, wherein the
interface is further configured to obtain actual tem-
perature data and desired temperature data from
each residential housing unit and temperature data
from the liquid on an output side of the collective heat
pump,
wherein the control device is further provided with
an analysis module (684) configured to:

- based on the actual temperature data and the
desired temperature data, to determine a status
of each housing unit, wherein the status is one
of the following: heating and cooling, and
- to determine a status of collective heat pump,
based on the temperature data of the liquid on
the output side of the collective heat pump,
wherein the status is one of the following: heat-
ing and cooling,

wherein the decision module is configured to ex-
clude, based on the status data, any residential
housing unit that has a different status than the col-
lective heat pump from determining the maximum
flow rate.

6. The control device according to claim 5, wherein the
decision module is configured to:

- determine the total maximum flow rate by tak-
ing the sum of all maximum flow rate data for
the non-excluded residential housing units;
- if the total maximum flow rate is less than the
actual flow rate, to determine the maximum flow
rate of each non-excluded residential housing
unit as its maximum flow rate data; and
- if the total maximum flow rate is greater than
the actual flow rate, to determine the maximum
flow rate of each non-excluded residential hous-
ing unit as a fraction of its maximum flow rate
data, wherein the fraction corresponds to a ratio
between the actual flow rate and the total max-
imum flow rate.

7. The control device according to claim 3 or 6, wherein,
if the total maximum flow rate is greater than the
actual flow rate, the decision module is configured
to increase the flow rate in the closed loop

8. The control device according to any one of the pre-
ceding claims, wherein the control device is provided
with a control module (622, 682) configured to gen-

37 38 



EP 4 350 234 A1

22

5

10

15

20

25

30

35

40

45

50

55

erate control signals for controlling the collective heat
pump and for controlling each adjustable valve.

9. A heating and cooling system (100) for collective res-
idential housing units, which heating and cooling sys-
tem is provided with:

- a collective heat pump (114),
- a plurality of residential housing units (1201, ...,
120N), each provided with a heating and cooling
system (124) and a local control device (122)
for controlling it,
- one closed circuit (130) for circulating a liquid
between the collective heat pump and the heat-
ing and cooling systems of the housing units,
- a central control device (112) for controlling the
collective heat pump,
- for each residential housing unit, a supply
branch (1341, ..., 134N) from the closed circuit
to the residential housing unit, each supply
branch being provided with an adjustable valve
for regulating a flow rate on the supply branch,
the local control device being further configured
to control of the controllable valve,

wherein the central control device and each of the
local control devices together form a control device
according to any one of the preceding claims.

10. The heating and cooling system according to claim
9, wherein the collective heat pump comprises a plu-
rality of air-water heat pumps and/or a plurality of
water-water heat pumps, in particular a monobloc
heat pump, which are preferably arranged in parallel.

11. The heating and cooling system according to claim
9 or 10, wherein the heating and cooling system is
further provided with:

- one or more flow rate meters for determining
the actual flow rate on the closed circuit on the
output side of the collective heat pump, wherein
the central control device is further configured
to receive measurements from the one or more
flow rate meters, and
- a local flow rate meter on each supply branch
for measuring the flow thereon, the local control
device being further configured to receive meas-
urements from the local flow rate meter and
transmit them to the central control device.

12. A method (400) for controlling a heating and/or cool-
ing system (100) for collective residential housing
units (1201, ..., 120N), which method comprises the
following steps:

- obtaining (402) an actual flow rate in a closed
circuit in which liquid circulates between a col-

lective heat pump and the residential housing
units, whereby each residential housing unit is
connected to the closed circuit via a supply
branch;
- obtaining (402) maximum flow rate data on
each supply branch, which maximum flow rate
data are based on an energy requirement of the
corresponding housing unit;
- determining (408) a maximum flow rate for
each residential housing unit based on the data
obtained; and
- generating (414) control signals for limiting the
flow rate on each supply branch in accordance
with the determined maximum flow rate.

13. The method according to claim 12, wherein deter-
mining the maximum flow rate comprises:

- determining the total maximum flow rate by tak-
ing the sum of all maximum flow rate data;
- if the total maximum flow rate is less than the
actual flow rate (410A), determining the maxi-
mum flow rate of each residential housing unit
as its maximum flow rate data; and
- if the total maximum flow rate is greater than
the actual flow rate (410B), determining the max-
imum flow rate of each residential housing unit
as a fraction of its maximum flow rate data, the
fraction corresponding to a ratio between the ac-
tual flow rate and the total maximum flow rate.

14. The method according to claim 13, wherein the meth-
od further comprises:

- obtaining (402) actual temperature data and
desired temperature data from each residential
housing unit and temperature data from the liq-
uid at an output side of the collective heat pump;
- determining (404) a status of each housing unit
based on the actual temperature data and the
desired temperature data, the status being one
of the following: heating and cooling; and
- determining (404) a status of collective heat
pump based on the temperature data of the liq-
uid on the output side of the collective heat
pump, wherein the status is one of the following:
heating and cooling,

wherein the total maximum flow rate is determined
by only residential housing units that have the same
status as the collective heat pump.

15. The method according to claim 13 or 14, wherein the
method further comprises: receiving an activation
signal from one of the residential housing units,
which activation signal comprises a request for a
greater flow rate than the maximum flow rate data
of said one of the housing units,
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wherein the total maximum flow rate is deter-
mined by taking said greater flow rate for said
one of the housing units, and
wherein, if the total maximum flow rate is less
than the actual flow rate, the maximum flow rate
of said one of the housing units is determined
as said greater flow rate.
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