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GAS AND HYBRID HEATING PLANT THEREOF

(57)  Itis disclosed a method for controlling the set-
point temperature (Tset_PdC) of the delivery water of a
heat pump (3) of a hybrid heating plant (1) comprising a
gas boiler (4) operating in combination with the heat
pump to heat a gas by means of a heat exchanger. The
method comprises the steps of: acquiring (102) values
indicative of the temperature of the return water (Tr_w)
of the heat exchanger (5), of the temperature of the gas
(T_gas), of the flow rate of the water (Fm_o_PdC) asso-
ciated with the heat pump, the operating state of the heat
pump and the operating state of the gas boiler; detecting
a switched on or off operating state of the gas boiler in a
defined time interval; checking (103) whether the heat
pump is active or inactive; calculating (108) a maximum
value of the setpoint temperature of the delivery water
(Tset_PdC) of the heat pump (3) and setting said calcu-
lated maximum value for the setpoint temperature of the
delivery water (Tset_PdC) of the heat pump, so that the
heat pump operates at a maximum thermal power mode;
changing (109) the value of the setpoint temperature of
the delivery water of the heat pump between a minimum
value and said calculated maximum value of the setpoint
temperature, so that the heat pump operates at a mod-
ulated thermal power mode.

METHOD FOR CONTROLLING THE OPERATION OF A HYBRID HEATING PLANT TO HEAT A
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The present invention generally concerns the
field of controlling the operation of a hybrid heating plant
comprising a gas heating system and at least one heat
pump.

[0002] More particularly, the present invention con-
cerns a method for controlling the setpoint temperature
of the delivery water of the at least one heat pump.

PRIOR ART

[0003] Hybrid heating plants comprising a gas heating
system consisting of one or more gas boilers (traditional
or condensing ones) and one or more electrically or gas
fed heat pumps are known.

[0004] The Applicant has observed that the hybrid
heating plants used for gas decompression are not opti-
mised in terms of energy consumption, as the gas boilers
are oversized and therefore reduce the operating range
of the heat pumps.

[0005] Furthermore another disadvantage of the
known hybrid heating plants used for gas decompression
is that they have instability in the temperature of return
of the water from the heat exchanger, which decreases
the efficiency of the plant.

[0006] In addition, another disadvantage of the hybrid
heating plants used for gas decompression is that they
have excessive operating instability due to the discontin-
uous activation of the oversized boilers.

SUMMARY OF THE INVENTION

[0007] The present invention concerns a method for
controlling the setpoint temperature of the delivery water
of a heat pump of a hybrid heating plant used to heat a
gas, wherein the control method is defined in the append-
ed claim 1 and by preferred embodiments thereof de-
scribed in dependent claims 2 to 10.

[0008] It is also an object of the present invention a
non-transitory computer-readable storage medium as
defined in the appended claim 11.

[0009] It is also an object of the present invention a
hybrid heating plant used to heat a gas as defined in the
appended claim 12 and by preferred embodiments there-
of as defined in the appended claim 13.

[0010] The Applicant has perceived that the method
for controlling the setpoint temperature of the delivery
water of the heat pump of the hybrid heating plant and
relative hybrid heating plant according to the present in-
vention has the advantage of optimising the energy con-
sumption of the plant (for example in terms of gas con-
sumption), maximizing the equivalent hours of operation
at full speed of the heat pumps and maximizing the effi-
ciency thereof, i.e. minimizing the minimum setpoint tem-
perature of the delivery water of the heat pumps and sta-
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bilizing the switching from a maximum thermal power op-
erating mode to a modulated thermal power operating
mode and vice versa.

[0011] It is also an object of the present invention a
computer program comprising software code portions
adapted to perform the steps of the method for controlling
the setpoint temperature of the delivery water of the heat
pump of a hybrid heating plant according to the invention,
when said program is run on at least one computer.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

Figure 1 shows a block diagram of a hybrid heating
plant according to an embodiment of the invention.
Figures 2A-2B show a flowchart of a method for con-
trolling the operation of the hybrid heating plant of
Figure 1.

Figure 3 shows a flowchart of the method for calcu-
lating the maximum value of the setpoint tempera-
ture of the delivery water of a heat pump of the hybrid
heating plant of figure 1.

Figures 4A-4B schematically show a possible trend
of the setpoint temperature of the delivery water of
the heat pump, of the actual temperature Tm_PdC
of the delivery water of the heat pump and of the
actual temperature Tr_w of the return water of the
heat exchanger, when the heat pump operates at
the maximum thermal power mode.

Figure 5A schematically shows a possible trend of
the setpoint temperature of the delivery water of the
heat pump and of the minimum and maximum values
of the setpoint temperature of the delivery water of
the heat pump, when it operates at the modulated
thermal power mode.

Figure 5B schematically shows a possible trend of
the minimum and maximum values of the setpoint
temperature of the delivery water of the heat pump,
during the transient phase in which the operation of
the heat pump switches from the maximum thermal
power mode to the modulated thermal power mode.

DETAILED DESCRIPTION OF THE INVENTION

[0013] It should be observed that, in the following de-
scription, identical or analogous blocks are indicated in
the figures with the same numerical references.

[0014] With reference to Figure 1, a block diagram of
a hybrid heating plant 1 according to an embodiment of
the invention is shown.

[0015] The heating plant 1 comprises a gas boiler 4, a
heat pump 3, a heat exchanger 5 and a gas pressure
regulator 15.

[0016] The heating plant 1 further comprises two water
temperature sensors 7 and 8, a gas temperature sensor
6, a water flow meter 19 and a control unit 10 electrically
connected to the sensors 6, 7, 8 and to the water flow
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meter 19.

[0017] Forthe purpose of explaining the invention, only
one gas boiler is considered for simplicity’s sake, but
more generally the inventionis also applicable to the case
in which two or more gas boilers operating in parallel are
present.

[0018] Similarly, for the purpose of explaining the in-
vention a single heat pump is considered for simplicity’s
sake, but more generally the invention is also applicable
to the case in which two or more heat pumps operating
in parallel are present.

[0019] The heat pump 3 operates in combination (i.e.
in parallel) with the gas boiler 4 in order to supply thermal
power to the heat exchanger 5, by means of an appro-
priate control of the operation of the temperature of the
delivery water of the heat pump 3, as will be explained
in more detail below.

[0020] The heating plant 1 has the function of heating
agas flow before itis decompressed, in order to distribute
it to civil and/or industrial users with an appropriate pres-
sure value.

[0021] For this purpose the heat exchanger 5 is ther-
mally coupled with an inlet pipe 16 adapted to receive a
gas flow from a gas distribution network and is thermally
coupled with an outlet pipe 17 adapted to generate a
heated gas flow.

[0022] The pressure regulator 15 is connected to the
outlet pipe 17 and has the function of decompressing the
heated gas, generating at the outlet a decompressed gas
carried in a pipe 18 feeding civil and/or industrial users.
[0023] For the purposes of explaining the invention,
the case is considered in which the gas is heated to re-
duce its pressure with the aim of distributing the gas to
civil or industrial users: in this case the gas boiler 4, the
heat exchanger 5 and the pressure regulator 15 are en-
closed within a same gas decompression cabin.

[0024] Note, however, that the invention may also be
used in other applications where a reduction in gas pres-
sure in a pipe is required.

[0025] The gas boiler 4 comprises an inlet pipe 22
adapted to carry cold water received from the heat ex-
changer 5 and comprises an outlet pipe 23 adapted to
carry hot water towards the heat exchanger 5.

[0026] The heat pump 3 comprises an inlet pipe 20
adapted to carry cold water received from the heat ex-
changer 5: the water flowing in the inlet pipe 20 will be
hereinafter referred to as "return water" of the heat pump
3.

[0027] The heat pump 3 further comprises an outlet
pipe 21 adapted to carry hot water towards the heat ex-
changer 5: the water flowing in the outlet pipe 21 will be
hereinafter referred to as "delivery water" of the heat
pump 3.

[0028] The heat pump 3 receives at the inlet from the
control unit 10 a control signal carrying a value Tset_PdC
of the setpoint (i.e. setting) temperature of the delivery
water of the heat pump 3, thus the heat pump 3 modifies
its operation so as to generate on the outlet pipe 21 a
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flow of delivery hot water having an actual temperature
Tm_PdC chasing said value Tset_PdC of the setpoint
temperature.

[0029] The heat pump 3 can be electrically powered,
in the case of operation with compression of a fluid.
[0030] Alternatively, the heat pump may be fed with
gas, in the case of absorption of heat from a fluid.
[0031] The heat exchanger 5 comprises an inlet pipe
25 adapted to carry hot water received from the assembly
of the pipe 23 of the gas boiler 4 and of the pipe 21 of
the heat pump 3.

[0032] The heatexchanger 5 further comprises an out-
let pipe 24 adapted to carry cold water towards the pipe
22 of the gas boiler 4 and towards the heat pump pipe 20.
[0033] The heat exchanger 5 is for example a wa-
ter/gas exchanger which receives at the inlet the hot wa-
ter flowing through the inlet pipe 25 and generates at the
outlet cold water flowing through the pipe 24: by means
of the heat exchanger 5 heat is transferred from the hot
water in the heat exchanger 5 to the gas, which is then
heated and sent in the outlet pipe 17.

[0034] The water flowing in the outlet pipe 24 of the
heat exchanger 5 will hereinafter be referred to as "return
water" of the heat exchanger 5.

[0035] The heat exchanger may be a tube bundle, i.e.
formed by a tube bundle placed inside a cylindrical-
shaped container (called shell), in which a fluid (in par-
ticular, water) flows inside the tubes, while another fluid
(in particular, gas) flows in the space delimited between
the inner surface of the shell and the outer surfaces of
the tubes, thus transferring heat between the two fluids.
[0036] The water temperature sensor 8 is coupled to
the pipe 24 at the outlet from the heat exchanger 5 and
it has the function of detecting the temperature of the
return water of the heat exchanger 5, i.e. the temperature
of the cold water carried by the pipe 24 at the outlet from
the heat exchanger 5, generating a water temperature
signal Tr_w indicative of the temperature of the return
water of the heat exchanger 5.

[0037] Alternatively, the temperature sensor 8 is cou-
pled to the pipe 20 at the inlet to the heat pump 3 and
has the function of detecting the temperature of the cold
water carried by the pipe 20 attheinletto the heat pump 3.
[0038] Alternatively, the temperature sensor 8 is cou-
pled to the pipe 22 and has the function of detecting the
temperature of the cold water carried by the pipe 22 at
the inlet to the gas boiler 4.

[0039] The gas temperature sensor 6 has the function
of detecting the current temperature of the decom-
pressed gas flow in the pipe 18, generating a gas tem-
perature signal T_gas indicative of the current tempera-
ture of the decompressed gas flow carried in the pipe 18.
[0040] Alternatively, the gas temperature sensor 6 can
be mounted on the pipe 17 located directly at the outlet
of the heat exchanger 5: in this case the gas temperature
sensor 6 has the function of detecting the temperature
of the heated gas flow carried by the pipe 17 directly
connected at the outlet from the heat exchanger 5, i.e.
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before gas decompression.

[0041] The water temperature sensor 7 has the func-
tion of detecting the temperature of the delivery water of
the gas boiler 4 (i.e. the temperature of the hot water
carried by the pipe 23 connected at the outlet to the gas
boiler 4), generating a further water temperature signal
T_o_cindicative of the temperature of the delivery water
of the gas boiler 4.

[0042] The temperature T_o_c of the delivery water of
the gas boiler 4 is for example comprised between 40
degrees centigrade and 80 degrees centigrade.

[0043] Furthermore, the heating plant 1 comprises a
water flow sensor 19 (inside or outside the heat pump 3)
generating a water flow signal Fm_o_PdC indicative of
the flow rate of the water associated with the heat pump
3, in particular the flow rate of the delivery water flowing
in the pipe 21 at the outlet from the heat pump 3.
[0044] The control unit 10 has the function of control-
ling the operation of the heat pump 3 in combination with
the gas boiler 4, in order to optimise the gas consumption
of the plant 1, maximizing the operating hours of the heat
pump 3 (i.e. maximizing the thermal power delivered by
the heat pump 3) and maximizing its efficiency, since the
minimum value of the setpointtemperature of the delivery
water of the heat pump 3 is minimized and the switching
of the heat pump 3 from the maximum thermal power to
the modulated thermal power operating mode (and vice
versa) is stabilized.

[0045] The control unit 10 is for example a microproc-
essor executing a suitable software program.

[0046] Alternatively, the control unit 10 is a microcon-
troller or a PLC (Programmable Logic Controller).
[0047] The control unit 10 is electrically connected to
the heat pump 3, to the water temperature sensors 7, 8,
to the gas temperature sensor 6 and to the water flow
meter 19.

[0048] In particular, the control unit 10 comprises one
or more inlet terminals adapted to receive the values
measured by the sensors 8, 7, 6 and by the water flow
meter 19, i.e. the water temperature signal Tr_w indica-
tive of the temperature of the return water of the heat
exchanger 5, the further water temperature signal T_o_c
indicative of the temperature of the delivery water of the
gas boiler 4, the gas temperature signal T_gas indicative
of the current temperature of the decompressed gas car-
ried in the pipe 18 and the water flow signal Fm_o_PdC
indicative of the flow rate of the water associated with
the heat pump 3 (for example, the delivery water).
[0049] The control unit 10 further comprises an outlet
terminal adapted to generate the control signal carrying
the value Tset_PdC of the setpoint (i.e. setting) temper-
ature of the delivery water of the heat pump 3, wherein
said value Tset_PdC is used by the heat pump 3 to modify
its operation in order to generate at the outlet delivery
hotwater having an actual temperature Tm_PdC chasing
said value Tset_PdC.

[0050] The controlunit 10 is configured to calculate the
following internal variables, which will then be used to
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calculate the setpoint temperature Tset PdC of the de-
livery water of the heat pump 3:

- operating state of the gas boiler 4, i.e. switched on
or off;

- operating state of the heat pump 3, i.e. active orin-
active;

- time interval elapsed since the last switching on of
the gas boiler 4: it is a counter that counts how long
the gas boiler 4 has been switched off and is reset
when the operating state of the gas boiler 4 is
switched on.

[0051] In particular, the control unit 10 is configured to
controlthe operation ofthe heat pump 3 so thatitoperates
at least according to the following operating modes:

- anormal modulated thermal power operating mode,
in which a modulation (i.e. a variation) of the power
delivered by the heat pump 3 is performed by means
of a modulation (i.e. a variation) of the value of the
setpoint temperature Tset_PdC of the delivery water
of the heat pump 3 between a minimum value
Tset PdC_min and a maximum  value
Tset PdAC_max of the setpoint temperature, as
shown by lines 210 (Tset_PdC), 211
(Tset_PdC_min)and212(Tset_PdC_max)of Figure
5A;

- amaximum thermal power operating mode, in which
the value of the setpoint temperature of the delivery
water of the heat pump 3 is set equal to a maximum
value Tset_PdC_max varying over time, as shown
by line 202 of Figure 4A and by line 202a of Figure 4B;

- astand-by mode, in which the value of the setpoint
temperature of the delivery water of the heat pump
3 is set at a sufficiently small value (for example,
equal to 20 degrees);

- switched off mode, in which the value of the setpoint
temperature of the delivery water of the heat pump
3 is set as a value such as to switch off the heat
pump (for example, a substantially null value, i.e.
about 0 degrees).

[0052] Note that for the purpose of explaining the in-
vention only one gas boiler 4 and one heat pump 3 has
been shown in Figure 1, but more generally the invention
is also applicable to the case in which the hybrid heating
plant 1 comprises two or more gas boilers analogous to
the gas boiler 4 and/or two or more heat pumps analo-
gous to the heat pump 3: in this case, therefore, two or
more heat pumps operate in parallel to the two or more
gas boilers.

[0053] With reference to Figures 2A-2B, a flowchart
100 of the method for controlling the operation of the
hybrid heating plant 1 is shown.

[0054] The flowchart 100 is executed by means of a
suitable software program (or firmware) executed on the
control unit 10 of the hybrid heating plant 1.
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[0055] The flowchart 100 is repeated at defined time
intervals, in particular periodically, for example with an
interval equal to 2 seconds.

[0056] The flowchart 100 starts with step 101.

[0057] Step 101 is followed by step 102 in which the
values indicative of the temperature of the return water
Tr_w of the heat exchanger 5, of the temperature of a
gas T_gas to be decompressed or decompressed and
of the flow rate of the water Fm_o_PdC associated with
the heat pump 3 are acquired at a certain time instant.
[0058] Furthermore, in step 102, the switched on or off
operating state of the gas boiler 4 (operating in parallel
with the heat pump 3) is detected in the last period of
time, i.e. in a defined time interval preceding the deter-
mined time instant in which the data from the sensors
indicated above were acquired.

[0059] Finally, in step 102, the operating state of the
heat pump 3 is acquired.

[0060] The switched on or off operating state of the
gas boiler 4 can be detected for example by detecting
the temperature of the water at the outlet from the gas
boiler 4 (i.e. the temperature of the delivery water T_o_c
of the gas boiler 4, i.e. the temperature of the water car-
ried by the pipe 23 at the outlet from the gas boiler 4) and
by detecting the temperature of the water at the inlet to
the gas boiler 4.

[0061] In particular, the switched on/off operating state
ofthe gasboiler4 is detected by comparing the difference
between the temperature of the water at the outlet from
the gas boiler 4 (i.e. the temperature T_o_c of the delivery
water of the gas boiler 4) and the temperature of the water
at the inlet to the gas boiler 4 (i.e. the temperature of the
water in the pipe 22 at the inlet of the gas boiler 4 or in
the pipe 24 at the outlet from the heat exchanger 5) and
a value of a boiler activation temperature threshold (for
example, 4 degrees centigrade):

- in the case in which the value of said difference is
greater than or equal to the value of the boiler acti-
vation temperature threshold, the state of the gas
boiler 4 is switched on;

- in the case in which the value of said difference is
lower than the value of the boiler activation temper-
ature threshold, the state of the gas boiler 4 is
switched off.

[0062] Alternatively, the switched on/off state of the
gas boiler 4 can be detected by means of a magnetom-
eter, a magnetic field meter, a vibration tester or by con-
necting with the regulator inside the gas boiler 4 and re-
trieving its operating state.

[0063] Step 102 is followed by step 103 in which it is
checked whether the heat pump 3 is active:

- in the case in which the heat pump 3 is active, step
103 is followed by step 104;

- inthe case in which the heat pump 3 is inactive, step
103 is followed by step 105.
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[0064] The active orinactive operating state of the heat
pump 3 is updated (see next steps 104 and 105) as a
function of the temperature of the gas T_gas with respect
to the first setpoint temperature value of the gas
T1_set_gas (see next step 104) and as a function of the
temperature of the gas T_gas with respect to the second
setpoint temperature value of the gas T2_set_gas (see
next step 105).

[0065] In step 104 it is checked whether the value of
the temperature of the gas T_gas (decompressed or to
be decompressed) is lower than a first setpoint temper-
ature value of the gas T1_set gas (for example,
T1_set_gas is equal to 12 degrees centigrade):

- in the case in which the value of the temperature of
the gas T_gas is lower than the first setpoint tem-
perature value ofthe gas T1_set_gas, itis proceeded
from step 104 to step 106;

- in the case in which the value of the temperature of
the gas T_gas is greater than or equal to the first
setpoint temperature value of the gas T1_set_gas,
it is proceeded from step 104 to step 107.

[0066] Similarly, in step 105 it is checked whether the
value of the temperature of the gas T_gas (decom-
pressed or to be decompressed) is lower than a second
setpoint temperature value of the gas T2_set_gas lower
than the first setpoint temperature value of the gas (for
example, equal to 10 degrees centigrade):

- in the case in which the value of the temperature of
the gas T_gas is lower than the second setpoint tem-
perature value ofthe gas T2_set_gas, itis proceeded
form step 105 to step 106;

- in the case in which the value of the temperature of
the gas T_gas is greater than or equal to the second
setpoint temperature value of the gas T2_set_gas,
it is proceeded from step 105 to step 107.

[0067] The use of two different values T1_set_gas,
T2_set_gas of the setpoint temperature of the gas de-
fines a hysteresis having the advantage of reducing the
frequency of the switching on or off of the gas boiler 4.
[0068] In addition, in steps 104 and 105, the operating
state of the heat pump 3 is updated:

- in case of negative response in steps 104 and 105,
the state of the heat pump 3 switches to inactive or
remains inactive;

- in case of positive response in steps 104 and 105,
the state of the heat pump 3 switches to active or
remains active.

[0069] Instep 106 it is checked whether the gas boiler
4 has always been switched off in the last period of time
(i.e. in a defined time interval preceding the time instant
in which the values from the temperature sensors were
acquired):
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- inthe case in which the gas boiler 4 has always been
switched off in the last period of time, step 106 is
followed by step 109;

- in the case in which the gas boiler 4 has not always
been switched off in the last period of time (i.e. it has
been switched on atleast once), step 106 is followed
by step 108.

[0070] Similarly, in step 107 it is checked whether the
gas boiler 4 has always been switched off in the last pe-
riod of time (i.e. in a defined time interval preceding the
time instant in which the values from the temperature
sensors were acquired):

- inthe case in which the gas boiler 4 has always been
switched off in the last period of time, step 107 is
followed by step 111;

- in the case in which the gas boiler 4 has not always
been switched off in the last period of time (i.e. it has
been switched on atleast once), step 107 is followed
by step 110.

[0071] Instep 108 the heat pump 3 operates at a max-
imum thermal power mode in which the setpoint temper-
ature of the delivery water Tset_PdC of the heat pump 3
chases a maximum value Tset_ PdC_max of the setpoint
temperature of the delivery water varying over time, as
shown in Figures 4A (line 202) and 4B (line 202a).
[0072] In particular, in step 108 a maximum value
Tset PdC_max of the setpoint temperature of the deliv-
ery water Tset_PdC of the heat pump 3 is calculated as
a function of the temperature of the return water Tr_w of
the heat exchanger 5 and of the flow rate of the water
Fm_o_PdC associated with the heat pump 3, then said
calculated maximum value Tset PdC_max of the set-
point temperature of the delivery water of the heat pump
3is set.

[0073] For example, the calculated maximum value
Tset PdC_max of the setpoint temperature of the deliv-
ery water of the heat pump 3 has values comprised be-
tween 45 and 53 degrees centigrade and is continuously
updated as a function of the temperature of the value of
the return water Tr_w of the heat exchanger 5 and of the
flow rate of the water Fm_o_PdC associated with the
heat pump 3.

[0074] In particular, said calculation and setting of the
maximum value Tset PdC_max of the setpoint temper-
ature of the delivery water of the heat pump 3 is carried
out by means of the control unit 10, which generates the
control signal Tset_PdC equal to the calculated maxi-
mum value Tset PdC_max of the setpoint temperature
of the delivery water of the heat pump 3, which receives
said calculated maximum value Tset PdC_max in input
and modifies its operation so as to generate on the outlet
pipe 21 a delivery hot water flow having an actual tem-
perature Tm_PdC chasing said calculated maximum val-
ue Tset PdC_max.

[0075] Step 108 will be explained in more detail below
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with reference to the description of Figure 3.

[0076] In step 109 the heat pump 3 operates at a mod-
ulated thermal power mode in which the setpoint tem-
perature of the delivery water Tset_PdC of the heat pump
3 varies over time and is comprised between a minimum
value Tset PdC_min and the maximum value
Tset_PdC_max, as shown in Figure 5A.

[0077] In particular, in step 109 a variation over time
of the value of the setpoint temperature of the delivery
water Tset PdC of the heat pump 3 is calculated as a
function of an acquired value of the temperature of the
gas T_gas and of a value of a regulation setpoint tem-
perature of the gas Treg_set_gas, wherein said variation
is comprised between a minimum value Tset PdC_min
and the maximum value Tset PdC_max of the setpoint
temperature of the delivery water of the heat pump 3 (the
latter calculated in step 108), then said variation over
time of the calculated value of the setpoint temperature
of the delivery water Tset_PdC of the heat pump 3 is set.
[0078] Therefore in the flowchart 100 we arrive at step
108 in which the heat pump 3 operates at maximum pow-
er in the case in which the temperature of the (decom-
pressed or to be decompressed) gas is low and further-
more the gas boiler 4 has been switched on (at least in
part) in the considered last period of time.

[0079] Otherwise, we arrive at step 109 in which the
heat pump 3 operates with a fine variation of the power
delivered between a minimum and maximum value that
are variable over time, in the case in which the temper-
ature of the (decompressed or to be decompressed) gas
is low and furthermore the gas boiler 4 has always been
switched off in the considered last period of time.
[0080] This has the advantage of optimising the power
consumption of the hybrid heating plant 1 and of reducing
the instability of operation of the plant, as the time interval
at full speed of the heat pump 3 is increased and the
number of switchings the gas boiler 4 on is reduced.
[0081] A part of step 109 (in particular the calculation
of the maximum value T_set PdC_max of the setpoint
temperature of the delivery water) will be explained in
more detail below with reference to the description of
Figure 3.

[0082] In step 110 the heat pump 3 is set in a stand-
by state, by setting the setpoint temperature of the deliv-
ery water Tset_PdC of the heat pump 3 to a sufficiently
low value (for example, equal to 20 degrees centigrade),
in which the heat pump 3 is active but does not consume
gas or electricity.

[0083] In step 111 the heat pump 3 is switched off, by
setting the setpoint temperature of the delivery water
Tset_PdC of the heat pump 3 to a very low value (for
example, equal to about 0 degrees centigrade).

[0084] Thus in the flowchart 100 we arrive at step 110
in which the heat pump 3 is in a stand-by state in the
case in which the temperature of the (decompressed or
to be decompressed) gas is high and furthermore the
gas boiler 4 has been switched on (at least in part) in the
last period of time considered; otherwise, we arrive at
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step 111 in which the heat pump 3 is switched off, in the
case in which the temperature of the (decompressed or
to be decompressed) gas is high and furthermore the
gas boiler 4 has always been switched off in the last pe-
riod of time considered.

[0085] This has the advantage of allowing a quick ac-
tivation of the heat pump 3, minimizing its energy con-
sumption.

[0086] In the case in which two or more gas boilers
operating in combination with two or more heat pumps
are present, the flow rate of the water associated with
the two or more heat pumps is acquired in step 101 and
the switched on or off operating state of the two or more
heat pumps is acquired.

[0087] Furthermore, in step 102, the active or inactive
operating state of the two or more heat pumps is detected
and in step 103 it is checked whether at least one heat
pump is active.

[0088] In steps 106 and 107 it is checked whether all
two or more gas boilers have always been switched off
in the last period of time.

[0089] Finally, in step 108 the maximum value of the
setpoint temperature of the delivery water for the two or
more heat pumps is set and in step 109 the variation over
time of the calculated value of the setpoint temperature
ofthe delivery water for the two or more heat pumps is set.
[0090] From steps 108, 109, 110 and 111 a return to
step 102 is made and the data acquisition cycle of the
sensors, the calculation of the setpoint temperature of
the delivery water of the heat pump, the acquisition of
the operating state of the heat pump 3 and the gas boiler
4 are started again.

[0091] With reference to Figure 3, it shows a flowchart
150 of the method for calculating the maximum value
Tset PdC_max of the setpoint temperature of the deliv-
ery water of the heat pump 3 of the hybrid heating plant
1, when the heat pump 3 operates at the maximum ther-
mal power mode (step 108 illustrated above) or when the
heat pump 3 operates at the modulated thermal power
mode (step 109 illustrated above).

[0092] The maximum value Tset PdC_max of the set-
point temperature of the delivery water of the heat pump
3 is used when the heat pump 3 operates at the modu-
lated thermal power mode (step 109 illustrated above)
to define the maximum value of the temperature modu-
lation interval of the delivery water of the heat pump 3.
[0093] Therefore the flowchart 150 shows in more de-
tail step 108 and a part of step 109 of the flowchart 100
of Figure 2B.

[0094] The flowchart 150 is executed by means of a
suitable software program (or firmware) executed on the
control unit 10 of the plant 1.

[0095] The flowchart 150 starts with step 151.

[0096] Step 151 is followed by step 152 in which a plu-
rality of values of a statistical index of the temperature of
the return water Tr_w of the heat exchanger 5 are calcu-
lated in a respective plurality of defined time intervals.
[0097] The statistical index is for example the mean,
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the mode or the median.

[0098] Step 152 is followed by step 153 in which it is
checked whether the current value of the temperature of
the return water Tr_w of the heat exchanger 5 is lower
than the set value of a setpoint temperature of the return
water of the heat exchanger 5:

- inthe case in which the current value of the temper-
ature of the return water Tr_w of the heat pump 3 is
lower than the set value of the setpoint temperature
of the return water of the heat exchanger 5, step 153
is followed by step 154;

- inthe case in which the current value of the temper-
ature of the return water Tr_w of the heat exchanger
5 is greater than or equal to the set value of the set-
point temperature of the return water of the heat ex-
changer 5, step 153 is followed by step 155.

[0099] In step 154, the trend of the plurality of calcu-
lated values of the statistical index of the temperature of
the return water is analysed as the respective plurality of
defined time intervals vary:

- inthe case in which the trend is increasing, step 154
is followed by step 158;

- inthe case in which the trend is decreasing, step 154
is followed by step 156.

[0100] Similarly, in step 155, the trend of the plurality
of calculated values of the statistical index of the temper-
ature of the return water is analysed as the respective
plurality of defined time intervals vary:

- inthe case in which the trend is decreasing, step 155
is followed by step 158;

- inthe case in which the trend is increasing, step 155
is followed by step 157.

[0101] In step 156 the maximum value of the setpoint
temperature Tset_PdC_max of the delivery water of the
heat pump 3 is decreased.

[0102] Furthermore, in step 156 the value of the set-
pointtemperature of the return water of the heat exchang-
er 5 is decreased as a function of the objective power of
the heat pump 3 and of the flow rate of the water
Fm_or_PdC associated with the heat pump 3.

[0103] From step 156 areturn to step 152 is made and
the calculation method starts over as illustrated above.
[0104] The objective power of the heat pump 3 is a
specific value of the heat pump 3 and is chosen as a
function of the particular operating conditions.

[0105] In particular, at low external temperature or at
high operating temperature of the delivery water, the
power delivered by the heat pump 3 decreases, thus the
objective power of the heat pump 3 is slightly lower than
the nominal power of the heat pump 3.

[0106] In step 157 the maximum value of the setpoint
temperature Tset_PdC_max of the delivery water of the
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heat pump 3 is increased.

[0107] Furthermore in step 157 the value of the set-
pointtemperature of the return water ofthe heat exchang-
er 5 is increased as a function of the objective power of
the heat pump 3 and of the flow rate of the water
Fm_o PdC.

[0108] From step 157 a return to step 152 is made and
the calculation method starts over as illustrated above.

[0109] Themaximum value ofthe setpointtemperature
Tset_PdC_max of the delivery water of the heat pump 3
has thus a variable value over time, both when the heat
pump 3 operates at the modulated power mode (see
dashed line 212 of Figure 5A and the solid line 222 of
Figure 5B), and when this operates at the maximum pow-
ermode (see line 202 in Figure 4A and line 202a in Figure
4B).

[0110] In one embodiment, in step 156 the maximum
value Tset PdC_max of the setpoint temperature of the
delivery water of the heat pump 3 is further decreased
by further taking into consideration the past values of the
temperature of the return water Tr_w of the heatexchang-
er 5 and in step 157 the maximum value Tset PdC_max
of the setpoint temperature is further increased by further
taking into consideration the past values of the temper-
ature of the return water Tr_w.

[0111] In one embodiment, the heat pump 3 operates
at constant flow rate: in this case in steps 156 and 157
the value of the setpoint temperature of the return water
of the heat exchanger 5 is updated only as a function of
the value AT _in_out of the desired water temperature
difference between the inlet pipe 20 and the outlet pipe
21 of the heat pump 3, which in turn depends on the
desired power and on the flow rate of the heat pump 3.

[0112] Instep 158 the maximum value Tset PdC_max
of the setpoint temperature of the delivery water of the
heat pump 3 is kept unchanged.

[0113] The flowchart 150 is repeated at defined time
intervals, forexample periodically, in order to dynamically
update over time the maximum value Tset_Pdc_max of
the setpoint temperature of the delivery water of the heat
pump 3.

[0114] The calculation method illustrated above relat-
ing to the maximum value of the setpoint temperature of
the delivery water of the heat pump 3 has the advantage
of minimizing the operating instability caused by the dis-
continuous activation of the gas boiler 4.

[0115] When the heat pump 3 operates at the modu-
lated thermal power mode (step 109 of the flowchart 100),
the value of the setpoint temperature of the delivery water
Tset_PdC of the heat pump 3 varies between a minimum
value Tset PdC_min and the maximum value
Tset_PdC_max, as shown by the solid line 210 of Figure
5A.

[0116] In particular, in the modulated thermal power
mode the value of the setpoint temperature Tset PdC of
the delivery water of the heat pump 3 is regulated by
means of a Proportional-Integrative type controller which
receives the value of the temperature of the gas T_gas
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ininputand makes a comparison with a value of a setpoint
regulation temperature of the gas Treg_set_gas.

[0117] The minimum and maximum value of the set-
point temperature of the delivery water of the heat pump
3 are variable over time and therefore define a moving
band within which the Proportional-Integrative controller
operates.

[0118] The Proportional-Integrative type controller is
realized by means of a suitable software program exe-
cuted in the control unit 10.

[0119] In one embodiment in which the heat pump 3
operates at modulated thermal power, the minimum set-
point value of the temperature of the delivery water of
the heat pump 3 of the hybrid heating plant 1 is calculated
with the following algorithm:

- inthe case in which the heat pump 3 operates at the
modulated thermal power mode for a time interval
At greater than or equal to a threshold value (for ex-
ample, equal to 45 minutes), the minimum value
Tset PAC_min of the setpoint temperature
Tset_PdC of the delivery water of the heat pump 3
is equal to the difference between the maximum val-
ue Tset PdAC _max of the setpoint temperature
Tset_PdC of the delivery water of the heat pump 3
and the desired temperature difference AT _in_out
of the water between the inlet pipe 20 and the outlet
pipe 21 of the heat pump 3 as shown by the dash-
dottedline 211 of Figure 5A, i.e. expressedin formula
with Tset PAC_min= Tset_max_PdC- A in_out;

- inthe case in which the heat pump 3 operates at the
modulated thermal power mode for a time interval
AT lower than the threshold value, the minimum val-
ue Tset PAC_min of the setpoint temperature
Tset_PdC of the delivery water of the heat pump 3
is equal to the maximum value Tset PdAC_max of
the setpoint temperature Tset_PdC of the delivery
water of the heat pump 3 at the instant in which the
switching of the operation of the heat pump 3 from
the maximum thermal power mode to the modulated
thermal power mode occurs (see dashed line 221 of
Figure 5B at instant t21), then subsequently to the
switching instant the difference between the mini-
mum value Tset PdC_min and the maximum value
Tset PdC_max of the setpoint temperature of the
delivery water of the heat pump 3 increases until the
minimum value Tset PdC_min reaches a value
AT _in_out equal to the desired temperature differ-
ence of the water between the inlet and the outlet of
the heat pump 3 (see dashed line 221 at the instant
t22 and later).

[0120] The calculation of the minimum value of the set-
point temperature of the delivery water of the heat pump
3 is carried out by means of a suitable software program
executed by the control unit 10.

[0121] With reference to Figures 4A and 4B, they show
a possible trend over time of the maximum value



15 EP 4 411 205 A1 16

Tset_PdC_max of the setpoint temperature (measured
in degrees centigrade) of the delivery water of the heat
pump 3 (line 202 and 202a), of the actual temperature
Tm_PdC of the delivery water of the heat pump 3 (line
201) and of the actual temperature of the return water
Tr_w of the heat exchanger 5 (line 203), when the heat
pump 3 operates at the maximum thermal power mode.
[0122] It can be noted in Figures 4A-4B that the max-
imum value Tset_PdC_max (indicated with a solid line
with reference numbers 202 and 202a) of the setpoint
temperature of the delivery water of the heat pump 3 has
a variable trend over time comprised between 45-46 de-
grees centigrade and 52-53 degrees centigrade.

[0123] Itis also possible to note in Figure 4B that the
trend of the actual temperature Tm_PdC of the delivery
water of the heat pump 3 (indicated with a dashed line
with the reference number 201) is also variable over time
and is oscillating with values comprised between 45 and
53 degrees centigrade.

[0124] Furthermore, the trend of the actual tempera-
ture Tm_PdC of the delivery water of the heat pump 3
chases the trend of the maximum value Tset PdC_max
of the setpoint temperature of the delivery water of the
heat pump 3 as the time varies, except for small differ-
ences in values which are caused by the instability of the
temperature of the return water Tr_w of the heatexchang-
er5.

[0125] It can be noted in Figure 4B that also the actual
temperature of the return water Tr_w (indicated with a
dash-dotted line with the reference number 203) of the
heat exchanger 5 has a variable trend over time and is
oscillating with values comprised between 39 and 46 de-
grees centigrade.

[0126] Furthermore, the actual temperature of the re-
turnwater Tr_w ofthe heatexchanger 5 has an oscillating
trend similar to the oscillating trend of the actual temper-
ature Tm_PdC of the delivery water of the heat pump 3,
wherein the values of the actual temperature of the return
water Tr_w are always lower than the corresponding val-
ues of the actual temperature Tm_PdC of the delivery
water.

[0127] With reference to Figure 5A, a first possible
trend of the setpoint temperature T_set PdC of the de-
livery water of the heat pump 3 (line 210), of the minimum
value Tset_PdC_min (line 211) of the setpoint tempera-
ture of the delivery water of the heat pump 3 and of the
maximum value Tset_PdC_max (line 212) of the setpoint
temperature of the delivery water of the heat pump 3 is
shown, when this operates at the modulated thermal
power mode.

[0128] It can be noted in Figure 5A that the values of
the setpoint temperature of the delivery water Tset_PdC
of the heat pump 3 (line 210) when the time varies at
each instant are comprised (at the equal limit) between
the respective minimum values Tset_PdC_min (line211)
and maximum values Tset_PdC_max (line 212) of the
setpoint temperature of the delivery water of the heat
pump 3, wherein said minimum values Tset PdC_min
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and maximum values Tset PdC_max of the setpoint
temperature of the delivery water of the heat pump 3 vary
dynamically over time, as illustrated above.

[0129] For example, Figure 5A shows that at instant
t10 the value of the setpoint temperature of the delivery
water Tset_PdC ofthe heatpump 3is equal to 42 degrees
centigrade, which is comprised between the minimum
value of the setpoint temperature equal to 35 degrees
centigrade and the maximum value of the setpoint tem-
perature equal to 49 degrees centigrade.

[0130] It can also be noted that there are two time in-
tervals:

- afirst time interval comprised between the initial in-
stant t0 and the instant t11, in which the trend of the
maximum value Tset PdC_max is equal to the sum
of the trend of the minimum value Tset PdC_min
and of a first value AT1_in_out equal to the desired
temperature difference of the water between the inlet
and the outlet of the heat pump 3;

- asecond time interval subsequent to the instant t11,
in which the trend of the maximum value
Tset PdC_max is equal to the sum of the trend of
the minimum value Tset_ PdC_min and of a second
value AT2_in_out equal to the desired temperature
difference of the water between the inlet and the out-
let of the heat pump 3, in which AT2_in_out is lower
than AT1_in_out.

[0131] With reference to Figure 5B, a second possible
trend of the minimum value Tset_PdC_min (line 221) of
the setpoint temperature of the delivery water of the heat
pump 3 and of the maximum value Tset_PdC_max (line
222) of the setpoint temperature of the delivery water of
the heat pump 3 is shown, when this switches from the
operation at maximum thermal power to the operation at
modulated thermal power and subsequently operates at
modulated thermal power mode.

[0132] It can also be noted in Figure 5B that the mini-
mum values Tset_PdC_min (line 221) and maximum val-
ues Tset PdC_max (line 222) of the setpoint tempera-
ture of the delivery water of the heat pump 3 vary dynam-
ically over time.

[0133] It can also be noted that there are two time in-
tervals:

- afirst time interval comprised between the initial in-
stant t20 and the instant t22, in which the heat pump
3 operates at the maximum thermal power mode;

- asecond time interval subsequent to the instant t22,
in which the heat pump 3 operates at the modulated
thermal power mode.

[0134] Therefore atinstantt21 the heat pump 3 switch-
es from the maximum thermal power operating mode to
the modulated thermal power operating mode and at
switching instant t21 the minimum value Tset_PdC_min
of the setpointtemperature Tset_PdC of the delivery wa-
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ter of the heat pump 3 is equal to the maximum value
Tset PdC_max of the setpoint temperature Tset PdC of
the delivery water of the heat pump 3.

[0135] Subsequently to the switching instantt21, itcan
be noted that the minimum value Tset_PdC_min (line
221) of the setpoint temperature of the delivery water of
the heat pump 3 gradually decreases, until at instant t22
the minimum value Tset_ PdC_min is equal to the differ-
ence between the maximum value Tset PdC_max (line
222) of the setpoint temperature of the delivery water of
the heat pump 3 and the desired temperature difference
AT_in_out of the water between the inlet and the outlet
of the heat pump: therefore at the instants subsequent
to t22 the trend of the maximum value Tset PdC_max
(line 222) is equal to the sum of the trend of the minimum
value Tset_PdC_min (line 221) and of the value
AT _in_out of the desired temperature difference of the
water between the inlet and the outlet of the heat pump 3.

Claims

1. Method (100) for controlling the setpointtemperature
(Tset_PdC) of the delivery water of a heat pump (3)
of a hybrid heating plant (1) comprising a gas boiler
(4) operating in combination with the heat pump to
heat a gas by means of a heat exchanger (5), the
method comprising the steps of:

a) acquiring (102) at a time instant values indic-
ative of the temperature of the return water
(Tr_w) of the heat exchanger (5), of the temper-
ature of the gas (T_gas), of the flow rate of the
water (Fm_o_PdC) associated with the heat
pump, of the operating state of the heat pump
and of the operating state of the gas boiler;

b) detecting a switched on or off operating state
of the gas boiler within a defined time interval
preceding said time instant;

c) checking (103) whether the heat pump is ac-
tive or inactive;

d) detecting that the heat pump is active and
comparing (104) the value of said temperature
ofthe gas (T_gas)with respect to a setpoint tem-
perature value of the gas (T1_set_gas);

e) detecting that the value of the temperature of
the gas (T_gas) is lower than the setpoint tem-
perature value of the gas (T1_set_gas) and
checking (106) whether the gas boiler is always
switched off in a defined time interval preceding
said time instant;

f) in the case (106) in which the gas boiler is not
always switched off in said defined time interval,
calculating (108) a maximum value of the set-
point temperature of the delivery water
(Tset_PdC) of the heat pump (3) as a function
of the temperature of the return water (Tr_w) of
the heat exchanger and of the flow rate of the

10

15

20

25

30

35

40

45

50

55

10

water (Fm_o_PdC) associated with the heat
pump and setting said calculated maximum val-
ue for the setpoint temperature of the delivery
water (Tset_PdC) of the heat pump, so that the
heat pump operates ata maximum thermal pow-
er mode;

g) in the case (106) in which the gas boiler is
always switched off in said defined time interval,
changing (109) the value of the setpoint temper-
ature of the delivery water of the heat pump be-
tween a minimum value and said calculated
maximum value of the setpoint temperature, so
thatthe heat pump operates ata modulated ther-
mal power mode.

2. Method according to claim 1, further comprising, af-
ter step c), the steps of:

d1) detecting that the heat pump is inactive and
comparing (105) the value of the temperature of
the gas (T_gas) with respect to a further setpoint
temperature value of the gas (T2_set gas),
wherein said further setpoint temperature value
of the gas (T2_set_gas) is lower than said set-
point temperature value of the gas
(T1_set_gas);

e1) detecting that the value of the temperature
of the gas (T_gas) is lower than the further set-
pointtemperature value of the gas (T2_set_gas)
and checking (106) whether the gas boiler is al-
ways switched off in said defined time interval;
f1) in the case in which the gas boiler is not al-
ways switched off in said defined time interval,
calculating (108) a maximum value of the set-
point temperature of the delivery water
(Tset_PdC) of the heat pump as a function of
the temperature of the return water (Tr_w) of the
heat exchanger and of the flow rate of the water
(Fm_o_PdC)associated with the heatpump and
setting said calculated maximum value for the
setpoint temperature of the delivery water
(Tset_PdC) of the heat pump;

g1) in the case in which the gas boiler is always
switched off in said defined time interval, varying
(109) the value of the setpoint temperature of
the delivery water of the heat pump between
said minimum value and said calculated maxi-
mum value of the setpoint temperature, so that
the heat pump operates at a modulated thermal
power mode.

3. Method according to claims 1 or 2, further compris-
ing, after step c), the steps of:

d2) detecting (103) that the heat pump is active
and detecting (104) that the value of the tem-
perature of the gas (T_gas) is greater than the
setpoint temperature value of the gas
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(T1_set_gas) and checking (107) whether the
gas boiler is always switched off in said defined
time interval;

e2) in the case in which the gas boiler is always
switched off in said defined time interval, setting
(111) the value of the setpoint temperature of
the delivery water of the heat pump so that it is
switched off;

f2) in the case in which the gas boiler is not al-
ways switched off in said defined time interval,
setting (110) the value of the setpoint tempera-
ture of the delivery water of the heat pump so
that it is in a stand-by state.

4. Method according to claim 2 or according to claim 3
when depending on 2, further comprising, after step
c1), the steps of:

d2) detecting (103) that the heat pump isinactive
and detecting (105) that the value of the tem-
perature of the gas (T_gas) is greater than said
further setpoint temperature value of the gas
(T2_set_gas) and checking (107) whether the
gas boiler is always switched off in said defined
time interval;

e3) in the case in which the gas boiler is always
switched off in said defined time interval, setting
(111) the value of the setpoint temperature of
the delivery water of the heat pump so that it is
switched off;

f3) in the case in which the gas boiler is not al-
ways switched off in said defined time interval,
setting (110) the value of the setpoint tempera-
ture of the delivery water of the heat pump so
that it is in a stand-by state.

5. Method according to any one of the preceding
claims, wherein in step f) or f1) or g) the maximum
value of the setpoint temperature of the delivery wa-
ter of the heat pump is calculated as follows:

- calculating (152) a plurality of values of a sta-
tistical index of the temperature of the return wa-
ter (Tr_w) of the heat exchanger in a respective

plurality of defined time intervals preceding said
time instant, in particular the statistical index is
an average value of the temperature of the re-
turn water (Tr_w) of the heat exchanger;

- detecting (153) that the current value of the
temperature of the return water of the heat ex-
changer is lower than a value of a setpoint tem-
perature of the return water of the heat exchang-
er;

- analysing (154) the trend of the plurality of cal-
culated values of the statistical index of the tem-
perature of the return water (Tr_w) of the heat
exchanger;

- in the case in which said trend is increasing in
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said plurality of time intervals, keeping the max-
imum value of the setpoint temperature of the
delivery water of the heat pump unchanged
(158);

- in the case in which said trend is decreasing
in said plurality of time intervals, decreasing
(156) the maximum value of the setpoint tem-
perature of the delivery water of the heat pump
and decreasing the value of the setpoint tem-
perature of the return water as a function of the
objective power of the heat pump and of the flow
rate of the water (Fm_o_PdC) associated with
the heat pump, or as a function of a desired tem-
perature difference of the fluid between inletand
outlet of the heat pump.

Method according to claim 5, further comprising:

- detecting (153) that the value of the tempera-
ture of the return water of the heat exchanger is
greater than or equal to the value of the setpoint
temperature of the return water of the heat ex-
changer;

- analysing (155) the trend of the plurality of cal-
culated values of the statistical index of the tem-
perature of the return water (Tr_w) of the heat
exchanger;

- in the case in which said trend is decreasing
in said plurality of time intervals, keeping the
maximum value of the setpoint temperature of
the delivery water of the heat pump unchanged
(158);

- in the case in which said trend is increasing in
said plurality of time intervals, increasing (157)
the maximum value of the setpoint temperature
of the delivery water of the heat pump and in-
creasing the value of the setpoint temperature
of the return water as a function of the objective
power of the heat pump and of the flow rate of
the water (Fm_o_PdC) associated with the heat
pump, or as a function of the desired tempera-
ture difference of the fluid between inlet and out-
let of the heat pump.

Method according to any one of the preceding
claims, wherein in step g) the minimum value of the
setpoint temperature of the delivery water of the heat
pump comprises:

- in the case in which the heat pump operates
at the modulated thermal power mode for a time
interval greater than or equal to a threshold val-
ue, setting the minimum value of the setpoint
temperature of the delivery water of the heat
pump equal to the difference between the max-
imum value of the setpoint temperature of the
delivery water of the heat pump (3) and the de-
sired temperature difference of the fluid between
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the inlet and the outlet of the heat pump;

-inthe case in which the heat pump (3) operates
at the modulated thermal power mode for a time
interval lower than the threshold value, setting
the minimum value of the setpoint temperature
of the delivery water of the heat pump equal to
the maximum value of the setpoint temperature
of the delivery water of the heat pump at the
instant in which a switching of the operation of
the heat pump from the maximum thermal power
mode to the modulated thermal power mode oc-
curs, and gradually decreasing the minimum
value of the setpoint temperature of the delivery
water of the heat pump until the minimum value
is equal to the difference between the maximum
value of the setpoint temperature of the delivery
water of the heat pump and the desired temper-
ature difference (AT_out_) of the water between
the inlet and the outlet of the heat pump.

Method according to claim 7, wherein in step g) the
value of the setpoint temperature of the delivery wa-
ter of the heat pump varies between the minimum
value and the maximum value by means of a Pro-
portional-Integrative control that receives the value
of the temperature of the gas (T_gas) in input and
makes a comparison with a value of a gas regulation
setpoint temperature.

Method according to any one of the preceding
claims, wherein the temperature of the gas is the
temperature of the heated gas measured atthe outlet
from the heat exchanger or is the temperature of the
decompressed gas measured at the outlet from a
pressure regulator (15).

Method according to any one of the preceding
claims, wherein step a) further comprises acquiring
values indicative of the temperature of the delivery
water of the gas boiler (T_o_c),

and wherein in step b) the operating state ofthe boiler
is calculated as a function of a comparison between
a difference between the temperature of the delivery
water of the gas boiler (T_o_c) and the temperature
of the return water (Tr_w) of the heat exchanger (5)
and an activation temperature threshold value.

Non-transitory computer-readable storage medium
comprising instructions which, when executed on a
computer, cause the computer to carry out the steps
of the method according to claims 1-9.

Hybrid heating plant (1) for heating a gas, the plant
comprising a gas boiler (4), a heat pump (3) operat-
ing in combination with the gas boiler, a heat ex-
changer (5) to heat the gas and a control unit (10)
electrically connected to the heat pump and with the
gas boiler,

10

15

20

25

30

35

40

45

50

55

12

22

the plant further comprising a first sensor (8)
electrically connected to the control unit and
configured to detect a value indicative of a tem-
perature of the return water (Tr_w) of the heat
exchanger, a second sensor (6) electrically con-
nected to the control unit and configured to gen-
erate a value indicative of the temperature of the
decompressed gas (T_gas) or of the gas past
the heat exchanger and a third sensor (19) elec-
trically connected to the control unit and config-
ured to generate a value indicative of the flow
rate of the water (Fm_o_PdC) associated with
the heat pump,

wherein the control unit is configured to:

- acquire at a time instant values indicative
ofthe temperature of the returnwater (Tr_w)
of the heat exchanger, of the temperature
of the gas (T_gas), of the flow rate of the
water (Fm_o_PdC)associated with the heat
pump, of the operating state of the heat
pump and of the operating state of the gas
boiler;

- detect a switched on or off operating state
of the gas boiler within a defined time inter-
val preceding said time instant;

- check whether the heat pump is active or
inactive;

- detect that the heat pump is active and
compare the value of said temperature of
the gas (T_gas) with respect to a setpoint
temperature value of the gas (T1_set_gas);
- detect that the value of the temperature of
the gas (T_gas) is lower than the setpoint
temperature value of the gas (T1_set_gas)
and check whether the gas boiler is always
switched off in a defined time interval pre-
ceding said time instant;

- in the case in which the gas boiler is not
always switched off in adefined time interval
preceding said time instant, calculate a
maximum value of the setpoint temperature
of the delivery water of the heat pump as a
function of the temperature of the return wa-
ter (Tr_w) of the heat exchanger and of the
flow rate of the water (Fm_o_PdC) associ-
ated with the heat pump and generate a
control signal of the heat pump (Tset_PdC)
to set said calculated maximum value for
the setpoint temperature of the delivery wa-
ter of the heat pump, so that the heat pump
operates at a maximum thermal power
mode;

-inthe case in which the gas boileris always
switched off in the defined time interval pre-
ceding said time instant, generating the
control signal (Tset_PdC) of the heat pump
to vary the value of the setpoint temperature
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of the delivery water of the heat pump be-
tween a minimum value and said calculated
maximum value of the setpoint tempera-
ture, so that the heat pump operates at a
modulated thermal power mode. 5

13. Hybrid heating plant (1) according to claim 12,
wherein the control unit is further configured to:

- detect that the heat pump is inactive and com- 70
pare the value of the temperature of the gas
(T_gas) with respect to a further setpoint tem-
perature value of the gas (T2_set_gas);

- detect that the value of the temperature of the

gas (T_gas) is lower than the second setpoint 75
temperature value of the gas (T2_set_gas) and
check whether the gas boiler is always switched

off in said defined time interval preceding said
current time instant;

-in the case in which the gas boiler is not always 20
switched off in the defined time interval preced-

ing said time instant, calculate (108) a maximum
value of the setpoint temperature of the delivery
water of the heat pump as a function of the tem-
perature of the return water (Tr_w) of the heat 25
exchanger and the flow rate of the water
(Fm_o_PdC)associated with the heat pump and
generate the control signal (Tset_PdC) of the
heat pump to set said calculated maximum val-

ue; 30
- in the case in which the gas boiler is always
switched off in the defined time interval preced-

ing said time instant, generate the control signal
(Tset_PdC) of the heat pump to change the val-

ue of the setpoint temperature of the delivery 35
water of the heat pump between said minimum
value and said calculated maximum value of the
setpoint temperature, so that the heat pump op-

erates at a modulated thermal power mode.
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